GO02 — Correlation and Regression Analysis g02de

NAG Toolbox for MATLAB
g02de

1 Purpose

g02de adds a new independent variable to a general linear regression model.

2 Syntax

[a, p, rss, ifail] = g02de(weight, ip, g, p, wt, x, 'n’, n, ’"tol’, tol)

3 Description

A linear regression model may be built up by adding new independent variables to an existing model.
g02de updates the QR decomposition used in the computation of the linear regression model. The QR
decomposition may come from g02da or a previous call to g02de. The general linear regression model is
defined by

. . y=XG+e
where y is a vector of n observations on the dependent variable,

X is an n by p matrix of the independent variables of column rank %,

(B is a vector of length p of unknown parameters,

and ¢ is a vector of length n of unknown random errors such that vare = Vo°, where V is a known
diagonal matrix.

If V' =1, the identity matrix, then least-squares estimation is used. If V = [, then for a given weight
matrix W o V', weighted least-squares estimation is used.

The least-squares estimates, 3 of the parameters 3 minimize v—X ﬂ)T(y — X 3) while the weighted least-
squares estimates, minimize (y —X8)" W (y — X3).

The parameter estimates may be found by computing a OR decomposition of X (or WX in the weighted
case), i.e.,

X = OF° (or Wi = QR*),

where R* = (R

O) and R is a p by p upper triangular matrix and Q is an n by n orthogonal matrix.

If R is of full rank, then B is the solution to

RB =Cp
where ¢ = Oy (or OF VVéy) and ¢, is the first p elements of c.
If R is not of full rank a solution is obtained by means of a singular value decomposition (SVD) of R.
To add a new independent variable, x,,, R and ¢ have to be updated. The matrix 0, is found such that
Oy [R:0"x,] (or O, [R 07 Vﬁxp +1]) is upper triangular. The vector ¢ is then updated by
multiplying by 0. ,.

The new independent variable is tested to see if it is linearly related to the existing independent variables
by checking that at least one of the values (QTxp +1)i’ fori=p+2,p+3,...,n, is nonzero.

The new parameter estimates, f3, can then be obtained by a call to g02dd.

The function can be used with p = 0, in which case R and c are initialized.
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5  Parameters
5.1 Compulsory Input Parameters
1: weight — string
Indicates if weights are to be used.
weight = 'U' (Unweighted)
Least-squares estimation is used.
weight ='W' (Weighted)
Weighted least-squares is used and weights must be supplied in array wt.

Constraint. weight ="U" or 'W'".

2: ip — int32 scalar
p, the number of independent variables already in the model.

Constraint: ip > 0 and ip < n.

3: q(ldq,ip + 2) — double array
Idq, the first dimension of the array, must be at least n.

If ip # 0, q must contain the results of the QR decomposition for the model with p parameters as
returned by g02da or a previous call to g02de.

If ip = 0, the first column of q should contain the n values of the dependent variable, y.

4; p(ip + 1) — double array

Contains further details of the QR decomposition used. The first ip elements of p must contain the
zeta values for the QR decomposition (see f08ae for details).

The first ip elements of array p are provided by g02da or by previous calls to g02de.

5: wt(x) — double array
Note: the dimension of the array wt must be at least n if weight ='W', and at least 1 otherwise.
If weight ='W', wt must contain the weights to be used in the weighted regression.

If wt(i) = 0.0, the ith observation is not included in the model, in which case the effective number
of observations is the number of observations with nonzero weights.

If weight = 'U’, wt is not referenced and the effective number of observations is #.

Constraint: wt(i) > 0.0 if weight ="'W', for i = 1,2,... n

6: x(n) — double array

x, the new independent variable.
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5.2 Optional Input Parameters

I: n — int32 scalar
Default: The dimension of the array x.
n, the number of observations.

Constraint: n > 1.

2: tol — double scalar

The value of tol is used to decide if the new independent variable is linearly related to independent
variables already included in the model. If the new variable is linearly related then ¢ is not updated.
The smaller the value of tol the stricter the criterion for deciding if there is a linear relationship.

Suggested value: tol = 0.000001.
Default: 0.000001

Constraint: tol > 0.0.

5.3 Input Parameters Omitted from the MATLAB Interface
ldq

5.4 Output Parameters
1: q(ldq,ip + 2) — double array
The results of the QR decomposition for the model with p + 1 parameters:
the first column of q contains the updated value of c;
the columns 2 to ip + 1 are unchanged;
the first ip + 1 elements of column ip + 2 contain the new column of R, while the remaining
n —ip — | elements contain details of the matrix Q,.;.
2: p(ip + 1) — double array
The first ip elements of p are unchanged and the (ip + 1)th element contains the zeta value for
Opin-
3: rss — double scalar
The residual sum of squares for the new fitted model.

Note: this will only be valid if the model is of full rank, see Section 8.
4: ifail — int32 scalar

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

6  Error Indicators and Warnings

Note: g02de may return useful information for one or more of the following detected errors or warnings.

ifail = 1
On entry, n < 1,
or ip <0,
or ip >n,
or ldq < m,
or tol < 0.0,
or weight £ 'U' or 'W'.
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ifail = 2
On entry, weight ='W' and a value of wt < 0.0.
ifail = 3

The new independent variable is a linear combination of existing variables. The (ip + 1)th column
of q will therefore be null.

7  Accuracy

The accuracy is closely related to the accuracy of f08ag which should be consulted for further details.

8 Further Comments

It should be noted that the residual sum of squares produced by g02de may not be correct if the model to
which the new independent variable is added is not of full rank. In such a case g02dd should be used to
calculate the residual sum of squares.

9  Example

weight = 'U’
ip = int32(
q = [4.32,
.21,
.49,
2L,

.94,
=53,
.84,
.02,
227 ;
.43,
.68,

LiNe Ne Ne S oNe Ne Ne Ne Ne oSe o Ne — ~e

cNoNoNoNoNoNoNoNoNoNoNoNe)]

~e

1]
PFRRRPRPRPRPRRRRR—O OOV~ U

[gOut, pOut, rss, ifaill = g02de(weight, ip, g, p, wt, x)

gout =
-27.6147 -3.4641
-1.9437 0.2543
-0.6637 0.2543
-0.0537 0.2543
0.7863 0.2543
1.3763 0.2543
1.6863 0.2543
1.8663 0.2543
2.1163 0.2543
2.2763 0.2543
2.5263 0.2543
2.6763 0.2543
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pOut =
1.1352

rss =
36.2666

ifail =
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