F12 — Large Scale Eigenproblems f12fe

NAG Toolbox for Matlab
f12fe

1 Purpose

fl12fe can be used to return additional monitoring information during computation. It is in a suite of
functions consisting of f12fa, f12fb, f12fc, f12fd and fl12fe.

2 Syntax

[niter, nconv, ritz, rzest] = fl2fe(icomm, comm)

3 Description

The suite of functions is designed to calculate some of the eigenvalues, A, (and optionally the
corresponding eigenvectors, x) of a standard eigenvalue problem Ax = Az, or of a generalized eigenvalue
problem Ax = ABz of order n, where n is large and the coefficient matrices A and B are sparse, real and
symmetric. The suite can also be used to find selected eigenvalues/eigenvectors of smaller scale dense,
real and symmetric problems.

On an intermediate exit from f12fb with irevem = 4, f12fe may be called to return monitoring information
on the progress of the Arnoldi iterative process. The information returned by f12fe is:

— the number of the current Arnoldi iteration;

— the number of converged eigenvalues at this point;

— the real and imaginary parts of the converged eigenvalues;
— the error bounds on the converged eigenvalues.

fl2fe does not have an equivalent function from the ARPACK package which prints various levels of
detail of monitoring information through an output channel controlled via a parameter value (see Lehoucq
et al. (1998) for details of ARPACK routines). fl12fe should not be called at any time other than
immediately following an irevem = 4 return from f12fb.

4 References

Lehoucq R B (2001) Implicitly Restarted Arnoldi Methods and Subspace Iteration SIAM Journal on Matrix
Analysis and Applications 23 551-562

Lehoucq R B and Scott J A (1996) An evaluation of software for computing eigenvalues of sparse
nonsymmetric matrices Preprint MCS-P547-1195 Argonne National Laboratory

Lehoucq R B and Sorensen D C (1996) Deflation Techniques for an Implicitly Restarted Arnoldi Iteration
SIAM Journal on Matrix Analysis and Applications 17 789-821

Lehoucq R B, Sorensen D C and Yang C (1998) ARPACK Users’ Guide: Solution of Large-Scale
Eigenvalue Problems with Implicitly Restarted Arnoldi Methods SIAM, Philidelphia

S  Parameters
5.1 Compulsory Input Parameters
1: icomm(:) — int32 array

Note: the dimension of the array icomm must be at least max(1, licomm), where licomm is passed
to the setup function fl2fa (see fl12fa).

The array icomm output by the preceding call to f12fb.
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2: comm(:) — double array

Note: the dimension of the array comm must be at least
max (1,3 X n+ nev X nev 4 8 x nev + 60) (see f12fa).

The array comm output by the preceding call to f12fb.

5.2 Optional Input Parameters

None.

5.3 Input Parameters Omitted from the MATLAB Interface

None.

5.4 Output Parameters
1: niter — int32 scalar

The number of the current Arnoldi iteration.

2: nconv — int32 scalar

The number of converged eigenvalues so far.

3: ritz(:) — double array
Note: the dimension of the array ritz must be at least ncv (see fl12fa).

The first nconv locations of the array ritz contain the real converged approximate eigenvalues.

4: rzest(:) — double array
Note: the dimension of the array rzest must be at least ncv (see f12fa).

The first nconv locations of the array rzest contain the Ritz estimates (error bounds) on the real
nconv converged approximate eigenvalues.

6  Error Indicators and Warnings

None.

7  Accuracy

A Ritz value, A, is deemed to have converged if its Ritz estimate < Tolerance x |A|. The default Tolerance
used is the machine precision given by x02aj.

8 Further Comments

None.

9  Example

n = int32(100) ;
nx = int32(10);
nev = int32(4
ncv = int32(1

)I
) 5
0);
irevem = int32(0);
resid = zeros(100,1);
v = zeros(100,20);
X zeros(100,1) ;
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mx = zeros(100,1);
sigma = 0;
% Initialisation Step
[icomm, comm, ifail] = fl2fa(n, nev, ncv);
% Set Optional Parameters
[icomm, comm, ifail] = f£12fd(’SMALLEST MAGNITUDE'’, icomm,
% Solve
while (irevcm ~= 5)
[irevcm, resid, v, x, mx, nshift, comm, icomm, ifail] =
fl2fb(irevcm, resid, v, X, mx, comm, icomm) ;
if (irevem == 1 || irevcm == -1)
x = £12f_av(nx, x);
elseif (irevcm == 4)
[niter, nconv, ritz, rzest] = fl2fe(icomm, comm) ;
fprintf(’Iteration %d, No. converged = %d, norm
%$16.8g\n’, niter, nconv, norm(rzest(l:nev),2));
end
end
% Post-process to compute eigenvalues/vectors
[nconv, d, 2z, v, comm, icomm, ifail] = f12fc(sigma,
icomm)
Iteration 1, No. converged = 0, norm of estimates =
Iteration 2, No. converged = 0, norm of estimates =
Iteration 3, No. converged = 0, norm of estimates =
Iteration 4, No. converged = 0, norm of estimates =
Iteration 5, No. converged = 0, norm of estimates =
Iteration 6, No. converged = 0, norm of estimates =
Iteration 7, No. converged = 0, norm of estimates =
Iteration 8, No. converged = 0, norm of estimates = 0
Iteration 9, No. converged = 0, norm of estimates = 0
Iteration 10, No. converged = 0, norm of estimates = 0
Iteration 11, No. converged = 0, norm of estimates = 1
Iteration 12, No. converged = 0, norm of estimates = 3
Iteration 13, No. converged = 1, norm of estimates = 3
Iteration 14, No. converged = 1, norm of estimates = 4
Iteration 15, No. converged = 1, norm of estimates = 1
Iteration 16, No. converged = 1, norm of estimates =
Iteration 17, No. converged = 1, norm of estimates = 8
Iteration 18, No. converged = 1, norm of estimates = 4
Iteration 19, No. converged = 2, norm of estimates = 7
Iteration 20, No. converged = 2, norm of estimates = 3
Iteration 21, No. converged = 2, norm of estimates = 3
Iteration 22, No. converged = 2, norm of estimates = 1
Iteration 23, No. converged = 2, norm of estimates = 4
Iteration 24, No. converged = 2, norm of estimates = 1
Iteration 25, No. converged = 2, norm of estimates = 1
Iteration 26, No. converged = 2, norm of estimates = 1
Iteration 27, No. converged = 2, norm of estimates = 6
Iteration 28, No. converged = 2, norm of estimates = 2
Iteration 29, No. converged = 2, norm of estimates = 5
Iteration 30, No. converged = 2, norm of estimates = 5
Iteration 31, No. converged = 3, norm of estimates = 2
Iteration 32, No. converged = 3, norm of estimates =
nconv =
4
d =
19.6054
48.2193
48.2193
76.8333
0
0
0

resid,

comm) ;

of

A\

81.010211
45.634095
42.747772
8.6106757
0.71330195
0.15050738

0.015776765
.0038996544
.0004324447
.00011026365
.2358564e-05
.1712523e-06
.5639805e-07
.3650581e-08
.2089882e-08

5.56116e-10
.4253718e-11
.6022636e-10
.3990489e-09
.9602337e-08
.2397859e-08
.1825104e-09
.0102212e-10
.9996247e-10
.2883775e-11
.5233326e-11
.6723555e-12
.5207777e-13
.5144548e-14
.9803982e-14
.3932659e-15
1.105376e-16

estimates

f12fe

comm,
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O OO

array elided

array elided
comm =
array elided
icomm =
array elided
ifail =
0
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	f12ff - Initialization routine for (f12fg) computing selected eigenvalues and, optionally, eigenvectors of a real symmetric banded (standard or generalized) eigenproblem
	f12fg - Computes approximations to selected eigenvalues of a real symmetric banded (standard or generalized) eigenproblem and, optionally, the corresponding approximate eigenvectors and/or an orthonor

	F16 - Further Linear Algebra Support Routines
	f16 - Introduction
	f16dl - Sum elements of integer vector
	f16dn - Maximum value and location, integer vector
	f16dp - Minimum value and location, integer vector
	f16dq - Maximum absolute value and location, integer vector
	f16dr - Minimum absolute value and location, integer vector
	f16eh - Real scaled vector addition preserving input
	f16el - Sum elements of real vector
	f16gh - Complex scaled vector addition preserving input
	f16gl - Sum elements of complex vector
	f16jn - Maximum value and location, real vector
	f16jp - Minimum value and location, real vector
	f16jq - Maximum absolute value and location, real vector
	f16jr - Minimum absolute value and location, real vector
	f16js - Maximum absolute value and location, complex vector
	f16jt - Minimum absolute value and location, complex vector

	G01 - Simple Calculations on Statistical Data
	g01 - Introduction
	g01aa - Mean, variance, skewness, kurtosis, etc., one variable, from raw data
	g01ab - Mean, variance, skewness, kurtosis, etc., two variables, from raw data
	g01ad - Mean, variance, skewness, kurtosis, etc., one variable, from frequency table
	g01ae - Frequency table from raw data
	g01af - Two-way contingency table analysis, with chi ^2/Fisher's exact test
	g01ag - Lineprinter scatterplot of two variables
	g01ah - Lineprinter scatterplot of one variable against Normal scores
	g01aj - Lineprinter histogram of one variable
	g01al - Computes a five-point summary (median, hinges and extremes)
	g01am - Find quantiles of an unordered vector, real numbers
	g01ar - Constructs a stem and leaf plot
	g01as - Constructs a box and whisker plot
	g01bj - Binomial distribution function
	g01bk - Poisson distribution function
	g01bl - Hypergeometric distribution function
	g01da - Normal scores, accurate values
	g01db - Normal scores, approximate values
	g01dc - Normal scores, approximate variance-covariance matrix
	g01dd - Shapiro and Wilk's W test for Normality
	g01dh - Ranks, Normal scores, approximate Normal scores or exponential (Savage) scores
	g01ea - Computes probabilities for the standard Normal distribution
	g01eb - Computes probabilities for Student's t-distribution
	g01ec - Computes probabilities for chi ^2 distribution
	g01ed - Computes probabilities for F-distribution
	g01ee - Computes upper and lower tail probabilities and probability density function for the beta distribution
	g01ef - Computes probabilities for the gamma distribution
	g01em - Computes probability for the Studentized range statistic
	g01ep - Computes bounds for the significance of a Durbin-Watson statistic
	g01er - Computes probability for von Mises distribution
	g01et - Landau distribution function Phi ( lambda )
	g01eu - Vavilov distribution function Phi _V( lambda ; kappa beta ^2)
	g01ey - Computes probabilities for the one-sample Kolmogorov-Smirnov distribution
	g01ez - Computes probabilities for the two-sample Kolmogorov-Smirnov distribution
	g01fa - Computes deviates for the standard Normal distribution
	g01fb - Computes deviates for Student's t-distribution
	g01fc - Computes deviates for the chi ^2 distribution
	g01fd - Computes deviates for the F-distribution
	g01fe - Computes deviates for the beta distribution
	g01ff - Computes deviates for the gamma distribution
	g01fm - Computes deviates for the Studentized range statistic
	g01ft - Landau inverse function Psi (x)
	g01gb - Computes probabilities for the non-central Student's t-distribution
	g01gc - Computes probabilities for the non-central chi ^2 distribution
	g01gd - Computes probabilities for the non-central F-distribution
	g01ge - Computes probabilities for the non-central beta distribution
	g01ha - Computes probability for the bivariate Normal distribution
	g01hb - Computes probabilities for the multivariate Normal distribution
	g01jc - Computes probability for a positive linear combination of chi ^2 variables
	g01jd - Computes lower tail probability for a linear combination of (central) chi ^2 variables
	g01mb - Computes reciprocal of Mills' Ratio
	g01mt - Landau density function phi ( lambda )
	g01mu - Vavilov density function phi _V ( lambda ; kappa beta ^2)
	g01na - Cumulants and moments of quadratic forms in Normal variables
	g01nb - Moments of ratios of quadratic forms in Normal variables, and related statistics
	g01pt - Landau first moment function Phi _1(x)
	g01qt - Landau second moment function Phi _2(x)
	g01rt - Landau derivative function phi '( lambda )
	g01zu - Initialization function for g01mu and g01eu

	G02 - Correlation and Regression Analysis
	g02 - Introduction
	g02aa - Computes the nearest correlation matrix to a real square matrix, using the method of Qi and Sun
	g02ba - Pearson product-moment correlation coefficients, all variables, no missing values
	g02bb - Pearson product-moment correlation coefficients, all variables, casewise treatment of missing values
	g02bc - Pearson product-moment correlation coefficients, all variables, pairwise treatment of missing values
	g02bd - Correlation-like coefficients (about zero), all variables, no missing values
	g02be - Correlation-like coefficients (about zero), all variables, casewise treatment of missing values
	g02bf - Correlation-like coefficients (about zero), all variables, pairwise treatment of missing values
	g02bg - Pearson product-moment correlation coefficients, subset of variables, no missing values
	g02bh - Pearson product-moment correlation coefficients, subset of variables, casewise treatment of missing values
	g02bj - Pearson product-moment correlation coefficients, subset of variables, pairwise treatment of missing values
	g02bk - Correlation-like coefficients (about zero), subset of variables, no missing values
	g02bl - Correlation-like coefficients (about zero), subset of variables, casewise treatment of missing values
	g02bm - Correlation-like coefficients (about zero), subset of variables, pairwise treatment of missing values
	g02bn - Kendall/Spearman non-parametric rank correlation coefficients, no missing values, overwriting input data
	g02bp - Kendall/Spearman non-parametric rank correlation coefficients, casewise treatment of missing values, overwriting input data
	g02bq - Kendall/Spearman non-parametric rank correlation coefficients, no missing values, preserving input data
	g02br - Kendall/Spearman non-parametric rank correlation coefficients, casewise treatment of missing values, preserving input data
	g02bs - Kendall/Spearman non-parametric rank correlation coefficients, pairwise treatment of missing values
	g02bt - Update a weighted sum of squares matrix with a new observation
	g02bu - Computes a weighted sum of squares matrix
	g02bw - Computes a correlation matrix from a sum of squares matrix
	g02bx - Computes (optionally weighted) correlation and covariance matrices
	g02by - Computes partial correlation/variance-covariance matrix from correlation/variance-covariance matrix computed by g02bx
	g02ca - Simple linear regression with constant term, no missing values
	g02cb - Simple linear regression without constant term, no missing values
	g02cc - Simple linear regression with constant term, missing values
	g02cd - Simple linear regression without constant term, missing values
	g02ce - Service functions for multiple linear regression, select elements from vectors and matrices
	g02cf - Service functions for multiple linear regression, re-order elements of vectors and matrices
	g02cg - Multiple linear regression, from correlation coefficients, with constant term
	g02ch - Multiple linear regression, from correlation-like coefficients, without constant term
	g02da - Fits a general (multiple) linear regression model
	g02dc - Add/delete an observation to/from a general linear regression model
	g02dd - Estimates of linear parameters and general linear regression model from updated model
	g02de - Add a new independent variable to a general linear regression model
	g02df - Delete an independent variable from a general linear regression model
	g02dg - Fits a general linear regression model to new dependent variable
	g02dk - Estimates and standard errors of parameters of a general linear regression model for given constraints
	g02dn - Computes estimable function of a general linear regression model and its standard error
	g02ea - Computes residual sums of squares for all possible linear regressions for a set of independent variables
	g02ec - Calculates R^2 and C_P values from residual sums of squares
	g02ee - Fits a linear regression model by forward selection
	g02ef - Stepwise linear regression
	g02fa - Calculates standardized residuals and influence statistics
	g02fc - Computes Durbin-Watson test statistic
	g02ga - Fits a generalized linear model with Normal errors
	g02gb - Fits a generalized linear model with binomial errors
	g02gc - Fits a generalized linear model with Poisson errors
	g02gd - Fits a generalized linear model with gamma errors
	g02gk - Estimates and standard errors of parameters of a general linear model for given constraints
	g02gn - Computes estimable function of a generalized linear model and its standard error
	g02gp - Computes a predicted value and its associated standard error based on a previously fitted generalized linear model.
	g02ha - Robust regression, standard M-estimates
	g02hb - Robust regression, compute weights for use with g02hd
	g02hd - Robust regression, compute regression with user-supplied functions and weights
	g02hf - Robust regression, variance-covariance matrix following g02hd
	g02hk - Calculates a robust estimation of a correlation matrix, Huber's weight function
	g02hl - Calculates a robust estimation of a correlation matrix, user-supplied weight function plus derivatives
	g02hm - Calculates a robust estimation of a correlation matrix, user-supplied weight function
	g02ja - Linear mixed effects regression using Restricted Maximum Likelihood (REML)
	g02jb - Linear mixed effects regression using Maximum Likelihood (ML)
	g02ka - Ridge regression, optimizing a ridge regression parameter
	g02kb - Ridge regression using a number of supplied ridge regression parameters
	g02la - Partial least-squares (PLS) regression using singular value decomposition
	g02lb - Partial least-squares (PLS) regression using Wold's iterative method
	g02lc - PLS parameter estimates following partial least-squares regression by g02la, g02lb
	g02ld - PLS predictions based on parameter estimates from g02lc

	G03 - Multivariate Methods
	g03 - Introduction
	g03aa - Performs principal component analysis
	g03ac - Performs canonical variate analysis
	g03ad - Performs canonical correlation analysis
	g03ba - Computes orthogonal rotations for loading matrix, generalized orthomax criterion
	g03bc - Computes Procrustes rotations
	g03bd - ProMax rotations
	g03ca - Computes maximum likelihood estimates of the parameters of a factor analysis model, factor loadings, communalities and residual correlations
	g03cc - Computes factor score coefficients (for use after g03ca)
	g03da - Computes test statistic for equality of within-group covariance matrices and matrices for discriminant analysis
	g03db - Computes Mahalanobis squared distances for group or pooled variance-covariance matrices (for use after g03da)
	g03dc - Allocates observations to groups according to selected rules (for use after g03da)
	g03ea - Computes distance matrix
	g03ec - Hierarchical cluster analysis
	g03ef - K-means cluster analysis
	g03eh - Constructs dendrogram (for use after g03ec)
	g03ej - Computes cluster indicator variable (for use after g03ec)
	g03fa - Performs principal co-ordinate analysis, classical metric scaling
	g03fc - Performs non-metric (ordinal) multidimensional scaling
	g03za - Produces standardized values (z-scores) for a data matrix

	G04 - Analysis of Variance
	g04 - Introduction
	g04ag - Two-way analysis of variance, hierarchical classification, subgroups of unequal size
	g04bb - Analysis of variance, randomized block or completely randomized design, treatment means and standard errors
	g04bc - Analysis of variance, general row and column design, treatment means and standard errors
	g04ca - Analysis of variance, complete factorial design, treatment means and standard errors
	g04da - Computes sum of squares for contrast between means
	g04db - Computes confidence intervals for differences between means computed by g04bb or g04bc
	g04ea - Computes orthogonal polynomials or dummy variables for factor/classification variable

	G05 - Random Number Generators
	g05 - Introduction
	g05hk - Univariate time series, generate n terms of either a symmetric GARCH process or a GARCH process with asymmetry of the form ( epsilon _t-1+ gamma )^2
	g05hl - Univariate time series, generate n terms of a GARCH process with asymmetry of the form (| epsilon _t-1|+ gamma epsilon _t-1)^2
	g05hm - Univariate time series, generate n terms of an asymmetric Glosten, Jagannathan and Runkle (GJR) GARCH process
	g05hn - Univariate time series, generate n terms of an exponential GARCH (EGARCH) process
	g05ka - Pseudorandom real numbers, uniform distribution over (0,1), seeds and generator number passed explicitly
	g05kb - Initialize seeds of a given generator for random number generating functions (that pass seeds explicitly) to give a repeatable sequence
	g05kc - Initialize seeds of a given generator for random number generating functions (that pass seeds expicitly) to give non-repeatable sequence
	g05ke - Pseudorandom logical (boolean) value, seeds and generator number passed explicitly
	g05kf - Initializes a pseudorandom number generator to give a repeatable sequence
	g05kg - Initializes a pseudorandom number generator to give a non-repeatable sequence
	g05kh - Primes a pseudorandom number generator for generating multiple streams using leap-frog
	g05kj - Primes a pseudorandom number generator for generating multiple streams using skip-ahead
	g05la - Generates a vector of random numbers from a Normal distribution, seeds and generator number passed explicitly
	g05lb - Generates a vector of random numbers from a Student's t-distribution, seeds and generator number passed explicitly
	g05lc - Generates a vector of random numbers from a chi ^2 distribution, seeds and generator number passed explicitly
	g05ld - Generates a vector of random numbers from an F-distribution, seeds and generator number passed explicitly
	g05le - Generates a vector of random numbers from a beta distribution, seeds and generator number passed explicitly
	g05lf - Generates a vector of random numbers from a gamma distribution, seeds and generator number passed explicitly
	g05lg - Generates a vector of random numbers from a uniform distribution, seeds and generator number passed explicitly
	g05lh - Generates a vector of random numbers from a triangular distribution, seeds and generator number passed explicitly
	g05lj - Generates a vector of random numbers from an exponential distribution, seeds and generator number passed explicitly
	g05lk - Generates a vector of random numbers from a log-normal distribution, seeds and generator number passed explicitly
	g05ll - Generates a vector of random numbers from a Cauchy distribution, seeds and generator number passed explicitly
	g05lm - Generates a vector of random numbers from a Weibull distribution, seeds and generator number passed explicitly
	g05ln - Generates a vector of random numbers from a logistic distribution, seeds and generator number passed explicitly
	g05lp - Generates a vector of random numbers from a von Mises distribution, seeds and generator number passed explicitly
	g05lq - Generates a vector of random numbers from an exponential mixture distribution, seeds and generator number passed explicitly
	g05lx - Generates a matrix of random numbers from a multivariate Student's t-distribution, seeds and generator passed explicitly
	g05ly - Generates a matrix of random numbers from a multivariate Normal distribution, seeds and generator passed explicitly
	g05lz - Generates a vector of random numbers from a multivariate Normal distribution, seeds and generator number passed explicitly
	g05ma - Generates a vector of random integers from a uniform distribution, seeds and generator number passed explicitly
	g05mb - Generates a vector of random integers from a geometric distribution, seeds and generator number passed explicitly
	g05mc - Generates a vector of random integers from a negative binomial distribution, seeds and generator number passed explicitly
	g05md - Generates a vector of random integers from a logarithmic distribution, seeds and generator number passed explicitly
	g05me - Generates a vector of random integers from a Poisson distribution with varying mean, seeds and generator number passed explicitly
	g05mj - Generates a vector of random integers from a binomial distribution, seeds and generator number passed explicitly
	g05mk - Generates a vector of random integers from a Poisson distribution, seeds and generator number passed explicitly
	g05ml - Generates a vector of random integers from a hypergeometric distribution, seeds and generator number passed explicitly
	g05mr - Generates a vector of random integers from a multinomial distribution, seeds and generator number passed explicitly
	g05mz - Generates a vector of random integers from a general discrete distribution, seeds and generator number passed explicitly
	g05na - Pseudorandom permutation of an integer vector
	g05nb - Pseudorandom sample from an integer vector
	g05nc - Pseudorandom permutation of an integer vector
	g05nd - Pseudorandom sample from an integer vector
	g05pa - Generates a realization of a time series from an ARMA model
	g05pc - Generates a realization of a multivariate time series from a VARMA model
	g05pd - Generates a realization of a time series from a GARCH process with asymmetry of the form ( epsilon _t-1+ gamma )^2
	g05pe - Generates a realization of a time series from a GARCH process with asymmetry of the form (| epsilon _t-1|+ gamma epsilon _t-1)^2
	g05pf - Generates a realization of a time series from an asymmetric Glosten, Jagannathan and Runkle (GJR) GARCH process
	g05pg - Generates a realization of a time series from an exponential GARCH (EGARCH) process
	g05ph - Generates a realization of a time series from an ARMA model
	g05pj - Generates a realization of a multivariate time series from a VARMA model
	g05pm - Generates a realization of a time series from an exponential smoothing model
	g05px - Generates a random orthogonal matrix
	g05py - Generates a random correlation matrix
	g05pz - Generates a random two-way table
	g05qa - Computes a random orthogonal matrix
	g05qb - Computes a random correlation matrix
	g05qd - Generates a random table matrix
	g05ra - Generates a matrix of random numbers from a Gaussian Copula, seeds and generator passed explicitly
	g05rb - Generates a matrix of random numbers from a Student's t-Copula, seeds and generator passed explicitly
	g05rc - Generates a matrix of pseudorandom numbers from a Student's t-Copula
	g05rd - Generates a matrix of pseudorandom numbers from a Gaussian Copula
	g05ry - Generates a matrix of pseudorandom numbers from a multivariate Student's t-distribution
	g05rz - Generates a matrix of pseudorandom numbers from a multivariate Normal distribution
	g05sa - Generates a vector of pseudorandom numbers from a uniform distribution over (01)
	g05sb - Generates a vector of pseudorandom numbers from a beta distribution
	g05sc - Generates a vector of pseudorandom numbers from a Cauchy distribution
	g05sd - Generates a vector of pseudorandom numbers from a chi ^2 distribution
	g05se - Generates a vector of pseudorandom numbers from a Dirichlet distribution
	g05sf - Generates a vector of pseudorandom numbers from an exponential distribution
	g05sg - Generates a vector of pseudorandom numbers from an exponential mix distribution
	g05sh - Generates a vector of pseudorandom numbers from an F-distribution
	g05sj - Generates a vector of pseudorandom numbers from a gamma distribution
	g05sk - Generates a vector of pseudorandom numbers from a Normal distribution
	g05sl - Generates a vector of pseudorandom numbers from a logistic distribution
	g05sm - Generates a vector of pseudorandom numbers from a log-normal distribution
	g05sn - Generates a vector of pseudorandom numbers from a Student's t-distribution
	g05sp - Generates a vector of pseudorandom numbers from a triangular distribution
	g05sq - Generates a vector of pseudorandom numbers from a uniform distribution over (ab)
	g05sr - Generates a vector of pseudorandom numbers from a von Mises distribution
	g05ss - Generates a vector of pseudorandom numbers from a Weibull distribution
	g05ta - Generates a vector of pseudorandom integers from a binomial distribution
	g05tb - Generates a vector of pseudorandom logical values
	g05tc - Generates a vector of pseudorandom integers from a geometric distribution
	g05td - Generates a vector of pseudorandom integers from a general discrete distribution
	g05te - Generates a vector of pseudorandom integers from a hypergeometric distribution
	g05tf - Generates a vector of pseudorandom integers from a logarithmic distribution
	g05tg - Generates a vector of pseudorandom integers from a multinomial distribution
	g05th - Generates a vector of pseudorandom integers from a negative binomial distribution
	g05tj - Generates a vector of pseudorandom integers from a Poisson distribution
	g05tk - Generates a vector of pseudorandom integers from a Poisson distribution with varying mean
	g05tl - Generates a vector of pseudorandom integers from a uniform distribution
	g05ya - Multi-dimensional quasi-random number generator with a uniform probability distribution
	g05yb - Multi-dimensional quasi-random number generator with a Gaussian or log-normal probability distribution
	g05yc - Initializes the Faure generator (g05yd/g05yj/g05yk)
	g05yd - Generates a sequence of quasi-random numbers using Faure's method
	g05ye - Initializes the Sobol generator (g05yf/g05yj/g05yk)
	g05yf - Generates a sequence of quasi-random numbers using Sobol's method
	g05yg - Initializes the Niederreiter generator (g05yh/g05yj/g05yk)
	g05yh - Generates a sequence of quasi-random numbers using Niederreiter's method
	g05yj - Generates a Normal quasi-random number sequence
	g05yk - Generates a log-normal quasi-random number sequence
	g05yl - Initializes a quasi-random number generator
	g05ym - Generates a uniform quasi-random number sequence
	g05yn - Initializes a scrambled quasi-random number generator

	G07 - Univariate Estimation
	g07 - Introduction
	g07aa - Computes confidence interval for the parameter of a binomial distribution
	g07ab - Computes confidence interval for the parameter of a Poisson distribution
	g07bb - Computes maximum likelihood estimates for parameters of the Normal distribution from grouped and/or censored data
	g07be - Computes maximum likelihood estimates for parameters of the Weibull distribution
	g07ca - Computes t-test statistic for a difference in means between two Normal populations, confidence interval
	g07da - Robust estimation, median, median absolute deviation, robust standard deviation
	g07db - Robust estimation, M-estimates for location and scale parameters, standard weight functions
	g07dc - Robust estimation, M-estimates for location and scale parameters, user-defined weight functions
	g07dd - Computes a trimmed and winsorized mean of a single sample with estimates of their variance
	g07ea - Robust confidence intervals, one-sample
	g07eb - Robust confidence intervals, two-sample

	G08 - Nonparametric Statistics
	g08 - Introduction
	g08aa - Sign test on two paired samples
	g08ac - Median test on two samples of unequal size
	g08ae - Friedman two-way analysis of variance on k matched samples
	g08af - Kruskal-Wallis one-way analysis of variance on k samples of unequal size
	g08ag - Performs the Wilcoxon one-sample (matched pairs) signed rank test
	g08ah - Performs the Mann-Whitney U test on two independent samples
	g08aj - Computes the exact probabilities for the Mann-Whitney U statistic, no ties in pooled sample
	g08ak - Computes the exact probabilities for the Mann-Whitney U statistic, ties in pooled sample
	g08al - Performs the Cochran Q test on cross-classified binary data
	g08ba - Mood's and David's tests on two samples of unequal size
	g08cb - Performs the one-sample Kolmogorov-Smirnov test for standard distributions
	g08cc - Performs the one-sample Kolmogorov-Smirnov test for a user-supplied distribution
	g08cd - Performs the two-sample Kolmogorov-Smirnov test
	g08cg - Performs the chi ^2 goodness of fit test, for standard continuous distributions
	g08da - Kendall's coefficient of concordance
	g08ea - Performs the runs up or runs down test for randomness
	g08eb - Performs the pairs (serial) test for randomness
	g08ec - Performs the triplets test for randomness
	g08ed - Performs the gaps test for randomness
	g08ra - Regression using ranks, uncensored data
	g08rb - Regression using ranks, right-censored data

	G10 - Smoothing in Statistics
	g10 - Introduction
	g10ab - Fit cubic smoothing spline, smoothing parameter given
	g10ac - Fit cubic smoothing spline, smoothing parameter estimated
	g10ba - Kernel density estimate using Gaussian kernel
	g10ca - Compute smoothed data sequence using running median smoothers
	g10za - Reorder data to give ordered distinct observations

	G11 - Contingency Table Analysis
	g11 - Introduction
	g11aa - chi ^2 statistics for two-way contingency table
	g11ba - Computes multiway table from set of classification factors using selected statistic
	g11bb - Computes multiway table from set of classification factors using given percentile/quantile
	g11bc - Computes marginal tables for multiway table computed by g11ba or g11bb
	g11ca - Returns parameter estimates for the conditional analysis of stratified data
	g11sa - Contingency table, latent variable model for binary data
	g11sb - Frequency count for g11sa

	G12 - Survival Analysis
	g12 - Introduction
	g12aa - Computes Kaplan-Meier (product-limit) estimates of survival probabilities
	g12ba - Fits Cox's proportional hazard model
	g12za - Creates the risk sets associated with the Cox proportional hazards model for fixed covariates

	G13 - Time Series Analysis
	g13 - Introduction
	g13aa - Univariate time series, seasonal and non-seasonal differencing
	g13ab - Univariate time series, sample autocorrelation function
	g13ac - Univariate time series, partial autocorrelations from autocorrelations
	g13ad - Univariate time series, preliminary estimation, seasonal ARIMA model
	g13ae - Univariate time series, estimation, seasonal ARIMA model (comprehensive)
	g13af - Univariate time series, estimation, seasonal ARIMA model (easy-to-use)
	g13ag - Univariate time series, update state set for forecasting
	g13ah - Univariate time series, forecasting from state set
	g13aj - Univariate time series, state set and forecasts, from fully specified seasonal ARIMA model
	g13am - Univariate time series, exponential smoothing
	g13as - Univariate time series, diagnostic checking of residuals, following g13ae or g13af
	g13au - Computes quantities needed for range-mean or standard deviation-mean plot
	g13ba - Multivariate time series, filtering (pre-whitening) by an ARIMA model
	g13bb - Multivariate time series, filtering by a transfer function model
	g13bc - Multivariate time series, cross-correlations
	g13bd - Multivariate time series, preliminary estimation of transfer function model
	g13be - Multivariate time series, estimation of multi-input model
	g13bg - Multivariate time series, update state set for forecasting from multi-input model
	g13bh - Multivariate time series, forecasting from state set of multi-input model
	g13bj - Multivariate time series, state set and forecasts from fully specified multi-input model
	g13ca - Univariate time series, smoothed sample spectrum using rectangular, Bartlett, Tukey or Parzen lag window
	g13cb - Univariate time series, smoothed sample spectrum using spectral smoothing by the trapezium frequency (Daniell) window
	g13cc - Multivariate time series, smoothed sample cross spectrum using rectangular, Bartlett, Tukey or Parzen lag window
	g13cd - Multivariate time series, smoothed sample cross spectrum using spectral smoothing by the trapezium frequency (Daniell) window
	g13ce - Multivariate time series, cross amplitude spectrum, squared coherency, bounds, univariate and bivariate (cross) spectra
	g13cf - Multivariate time series, gain, phase, bounds, univariate and bivariate (cross) spectra
	g13cg - Multivariate time series, noise spectrum, bounds, impulse response function and its standard error
	g13db - Multivariate time series, multiple squared partial autocorrelations
	g13dc - Multivariate time series, estimation of VARMA model
	g13dd - Multivariate time series, estimation of VARMA model
	g13dj - Multivariate time series, forecasts and their standard errors
	g13dk - Multivariate time series, updates forecasts and their standard errors
	g13dl - Multivariate time series, differences and/or transforms
	g13dm - Multivariate time series, sample cross-correlation or cross-covariance matrices
	g13dn - Multivariate time series, sample partial lag correlation matrices, chi ^2 statistics and significance levels
	g13dp - Multivariate time series, partial autoregression matrices
	g13ds - Multivariate time series, diagnostic checking of residuals, following g13dd
	g13dx - Calculates the zeros of a vector autoregressive (or moving average) operator
	g13ea - Combined measurement and time update, one iteration of Kalman filter, time-varying, square root covariance filter
	g13eb - Combined measurement and time update, one iteration of Kalman filter, time-invariant, square root covariance filter
	g13fa - Univariate time series, parameter estimation for either a symmetric GARCH process or a GARCH process with asymmetry of the form ( epsilon _t-1+ gamma )^2
	g13fb - Univariate time series, forecast function for either a symmetric GARCH process or a GARCH process with asymmetry of the form ( epsilon _t-1+ gamma )^2
	g13fc - Univariate time series, parameter estimation for a GARCH process with asymmetry of the form (| epsilon _t-1|+ gamma epsilon _t-1)^2
	g13fd - Univariate time series, forecast function for a GARCH process with asymmetry of the form (| epsilon _t-1|+ gamma epsilon _t-1)^2
	g13fe - Univariate time series, parameter estimation for an asymmetric Glosten, Jagannathan and Runkle (GJR) GARCH process
	g13ff - Univariate time series, forecast function for an asymmetric Glosten, Jagannathan and Runkle (GJR) GARCH process
	g13fg - Univariate time series, parameter estimation for an exponential GARCH (EGARCH) process
	g13fh - Univariate time series, forecast function for an exponential GARCH (EGARCH) process

	H - Operations Research
	h - Introduction
	h02bb - Integer LP problem (dense)
	h02bv - Print IP or LP solutions with user specified names for rows and columns
	h02bz - Integer programming solution, supplies further information on solution obtained by h02bb
	h02cb - Integer QP problem (dense)
	h02cd - Supply optional parameter values to h02cb
	h02ce - Integer LP or QP problem (sparse), using e04nk
	h02cg - Supply optional parameter values to h02ce
	h03ab - Transportation problem, modified "stepping stone" method
	h03ad - Shortest path problem, Dijkstra's algorithm

	M01 - Sorting and Searching
	m01 - Introduction
	m01ca - Sort a vector, real numbers
	m01cb - Sort a vector, integer numbers
	m01cc - Sort a vector, character data
	m01da - Rank a vector, real numbers
	m01db - Rank a vector, integer numbers
	m01dc - Rank a vector, character data
	m01de - Rank rows of a matrix, real numbers
	m01df - Rank rows of a matrix, integer numbers
	m01dj - Rank columns of a matrix, real numbers
	m01dk - Rank columns of a matrix, integer numbers
	m01dz - Rank arbitrary data
	m01ea - Rearrange a vector according to given ranks, real numbers
	m01eb - Rearrange a vector according to given ranks, integer numbers
	m01ec - Rearrange a vector according to given ranks, character data
	m01ed - Rearrange a vector according to given ranks, complex numbers
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