
NAG Toolbox for MATLAB

d02pz

1 Purpose

d02pz provides details about global error assessment computed during an integration with either d02pc or
d02pd.

2 Syntax

[rmserr, errmax, terrmx, ifail] = d02pz(neq, work)

3 Description

d02pz and its associated functions (d02pc, d02pd, d02pv, d02pw, d02px and d02py) solve the initial value
problem for a first-order system of ordinary differential equations. The functions, based on Runge–Kutta
methods and derived from RKSUITE (see Brankin et al. 1991), integrate

y0 ¼ f t; yð Þ given y t0ð Þ ¼ y0

where y is the vector of n solution components and t is the independent variable.

After a call to d02pc or d02pd, d02pz can be called for information about error assessment, if this
assessment was specified in the setup function d02pv. A more accurate ‘true’ solution ŷ is computed in a
secondary integration. The error is measured as specified in d02pv for local error control. At each step in
the primary integration, an average magnitude �i of component yi is computed, and the error in the
component is

yi � ŷij j
max �i; thres ið Þð Þ.

It is difficult to estimate reliably the true error at a single point. For this reason the RMS (root-mean-
square) average of the estimated global error in each solution component is computed. This average is
taken over all steps from the beginning of the integration through to the current integration point. If all has
gone well, the average errors reported will be comparable to tol (see d02pv). The maximum error seen in
any component in the integration so far and the point where the maximum error first occurred are also
reported.

4 References

Brankin R W, Gladwell I and Shampine L F 1991 RKSUITE: A suite of Runge–Kutta codes for the initial
value problems for ODEs SoftReport 91-S1 Southern Methodist University

5 Parameters

5.1 Compulsory Input Parameters

1: neq – int32 scalar

n, the number of ordinary differential equations in the system to be solved by the integration
function.

Constraint: neq � 1.

2: workð�Þ – double array

Note: the dimension of the array work must be at least lenwrk (see d02pv).

This must be the same array as supplied to d02pc or d02pd and must remain unchanged between
calls.
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5.2 Optional Input Parameters

None.

5.3 Input Parameters Omitted from the MATLAB Interface

None.

5.4 Output Parameters

1: rmserrð�Þ – double array

Note: the dimension of the array rmserr must be at least n.

rmserrðiÞ approximates the RMS average of the true error of the numerical solution for the ith
solution component, for i ¼ 1; 2; . . . ; n. The average is taken over all steps from the beginning of
the integration to the current integration point.

2: errmax – double scalar

The maximum weighted approximate true error taken over all solution components and all steps.

3: terrmx – double scalar

The first value of the independent variable where an approximate true error attains the maximum
value, errmax.

4: 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 ¼ 1

An invalid call to d02pz has been made, for example without a previous call to d02pc or d02pd, or
without error assessment having been specified in a call to d02pv. You cannot continue integrating
the problem.

7 Accuracy

Not applicable.

8 Further Comments

If the integration has proceeded ‘well’ and the problem is smooth enough, stable and not too difficult then
the values returned in the arguments rmserr and errmax should be comparable to the value of tol
specified in the prior call to d02pv.

9 Example

d02pz_f.m

function [yp] = f(t, y)
yp = zeros(4, 1);

r = sqrt(y(1)^2 + y(2)^2);
yp(1) = y(3);
yp(2) = y(4);
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yp(3) = -y(1)/r^3;
yp(4) = -y(2)/r^3;

tstart = 0;
ystart = [0.3;

0;
0;
2.380476142847617];

tend = 9.424777960769379;
tol = 1e-06;
thres = [1e-10;

1e-10;
1e-10;
1e-10];

method = int32(3);
task = ’Usual Task’;
errass = true;
lenwrk = int32(128);
neq = int32(4);
twant = 9.424777960769379;
ygot = [0; 0; 0; 0];
ymax = [0; 0; 0; 0];
[work, ifail] = ...

d02pv(tstart, ystart, tend, tol, thres, method, task, errass,
lenwrk);
[tgot, ygot, ypgot, ymax, work, ifail] = d02pc(’d02pz_f’, neq, twant,
ygot, ymax, work);
[rmserr, errmax, terrmx, ifail] = d02pz(neq, work)

rmserr =
1.0e-05 *
0.3808
0.7105
0.6925
0.2102

errmax =
3.4348e-05

terrmx =
6.3024

ifail =
0

D02 – Ordinary Differential Equations d02pz

[NP3663/21] d02pz.3 (last)


	d02pz
	1 Purpose
	2 Syntax
	3 Description
	4 References
	5 Parameters
	5.1 Compulsory Input Parameters
	neq
	work
	5.2 Optional Input Parameters
	5.3 Input Parameters Omitted from the MATLAB Interface
	5.4 Output Parameters
	rmserr
	errmax
	terrmx
	ifail

	6 Error Indicators and Warnings
	ifail  = 1

	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



