C06 — Summation of Series

NAG Toolbox for MATLAB
c06ek

1 Purpose

c06ek calculates the circular convolution or correlation of two real vectors of period n.

workspace is required.

2 Syntax

[x, y, ifail] = cO6ek(job, x, y, 'n’, n)

3 Description
c06ek computes:

if job = 1, the discrete convolution of x and y, defined by

n—1 n—1
2 = ZXJJ’H = Zxkfiyj;
=0 =0
if job = 2, the discrete correlation of x and y defined by

n—1
Wk = § :xjykJrj'
j=0

Here x and y are real vectors, assumed to be periodic, with period n, i.e., x; = Xj1, = Xj49, =
are then also periodic with period 7.

Note: this usage of the terms ‘convolution’ and ‘correlation’ is taken from Brigham 1974.

‘convolution’ is sometimes used to denote both these computations.

If X, y, z and W are the discrete Fourier transforms of these sequences, i.e.,
1L 2mjk
X =—=) x; xexp| —i— ), etc.,
k \/EFZO j p n

then 2, = \/n.%j, and Wy = /n.x;J, (the bar denoting complex conjugate).

c06ek

No extra

...;zand w

The term

This function calls the same auxiliary functions as cO6ea and c06eb to compute discrete Fourier transforms,

and there are some restrictions on the value of #.

4  References
Brigham E O 1974 The Fast Fourier Transform Prentice—Hall

5 Parameters
5.1 Compulsory Input Parameters
1: job — int32 scalar

The computation to be performed.
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job =1
n—1
zZp = ijyk,j (convolution);
=
job =2
n—1
Wy = ijyk 4+ (correlation).
j=0

Constraint: job =1 or 2.

2: x(n) — double array

The elements of one period of the vector x. If x is declared with bounds (0:n—1) in the
(sub)program from which c06ek is called, then x(j) must contain x;, for j =0,1,...,n— 1.

3: y(n) — double array

The elements of one period of the vector y. If y is declared with bounds (0:n — 1) in the
(sub)program from which cO6ek is called, then y(j) must contain y;, for j =0,1,...,n — L

5.2 Optional Input Parameters

1: n — int32 scalar

Default: The dimension of the arrays x, y. (An error is raised if these dimensions are not equal.)

n, the number of values in one period of the vectors x and y. The largest prime factor of n must not
exceed 19, and the total number of prime factors of n, counting repetitions, must not exceed 20.

Constraint: n > 1.

5.3 Input Parameters Omitted from the MATLAB Interface

None.

5.4 Output Parameters
L: x(n) — double array

The corresponding elements of the discrete convolution or correlation.

2: y(n) — double array
The discrete Fourier transform of the convolution or correlation returned in the array x; the
transform is stored in Hermitian form, exactly as described in the document for cO6ea.

3: ifail — int32 scalar

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

6  Error Indicators and Warnings

Errors or warnings detected by the function:

ifail = 1

At least one of the prime factors of n is greater than 19.
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ifail = 2

n has more than 20 prime factors.
ifail = 3

On entry, n < 1.
ifail = 4

On entry, job # 1 or 2.

7  Accuracy

The results should be accurate to within a small multiple of the machine precision.

8 Further Comments

The time taken is approximately proportional to n x logn, but also depends on the factorization of n.
c06¢ek is faster if the only prime factors of n are 2, 3 or 5; and fastest of all if n is a power of 2.

On the other hand, cO6ek is particularly slow if n has several unpaired prime factors, i.e., if the ‘square-
free’ part of n has several factors. For such values of n, c06fk (which requires an additional » elements of
workspace) is considerably faster.

9  Example

ob int32(1);

L.
I
— |l
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[xOut, yOut, ifail] = cO06ek(job, x, V)

xOut =
0.5000
1.0000
1.5000
2.0000
2.0000
1.5000
1.0000
0.5000
0.0000

yout =
3.3333
-1.0585
-0.0082
0.0833
0.0667
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-0.0243
-0.1443
-0.0465
-0.8882
ifail =

c06ek.4 (last) [NP3663/21]



	c06ek
	1 Purpose
	2 Syntax
	3 Description
	4 References
	5 Parameters
	5.1 Compulsory Input Parameters
	job
	5.2 Optional Input Parameters
	n
	5.3 Input Parameters Omitted from the MATLAB Interface
	5.4 Output Parameters
	x
	y
	ifail

	6 Error Indicators and Warnings
	ifail  = 1
	ifail  = 2
	ifail  = 3
	ifail  = 4

	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



