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Introduction

-

CenterSpace Software’s NMath™ numerical library provides object-oriented
components for mathematical, engineering, scientific, and financial applications
on the .NET platform. NMath contains vector classes, matrix classes, complex
number classes, random number generators, and other high-performance
functions for object-oriented numerics.

NMath can be easily combined with the free Microsoft Chart Controls for .NET to
create a complete data analysis and visualization solution. The

NMVat hChart M crosoft. dl | assembly included with NMath provides
convenience methods for plotting NMath types using the Microsoft Chart
Controls. This document describes how to use these methods.

Microsoft Chart Controls for .NET

The Microsoft Chart Controls for .NET are available as a separate download for
.NET 3.5.

http://ww. m crosoft.conm downl oads/ en/

detai | s. aspx?Fam | yl d=130F7986- BF49- 4FE5- 9CA8- 910AEGEA442C

Beginning in .NET 4.0, the Chart controls are part of the NET Framework.

To use the Chart controls, add a reference to
Syst em W ndows. For ns. Dat aVi sual i zat i on and usi ng statements

usi ng System W ndows. For ns;
usi ng System W ndows. For ims. Dat aVi sual i zati on. Charti ng;

Data Model

Although the NMathChart adapter described in the next section enables you
create Microsoft Chart Controls from NMath types in just a few lines of code, let’s
begin by creating a chart manually, to review the data model.

In the Microsoft Chart Controls for .NET library, a Chart object contains one or
more ChartAreas, each of which contain one or more data Series. Each Series has
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an associated chart type, and a DataPoint collection. DataPoints can be manually
appended or inserted into the collection, or added automatically when a series is
bound to a datasource using either the Dat aBi ndY() or Dat aBi ndXY() method.

Since any IEnumerable can act as a datasource, it’s easy to use an NMath vector or
vector view (of a matrix row or column, for example) as a datasource. For example,
suppose we want to create a scatter plot of the first two columns of a 20 x 5
DoubleMatrix (that is, column 0 vs. column 1).

Doubl eMatrix data =

new Doubl eMatri x( 20, 5, new RandGenUniform() );
Doubl eVector x = data.Col ( 0 );
Doubl eVector y = data.Col ( 1 );

Begin by creating a new Chart object, and optionally adding a Title.

Chart chart = new Chart ()

{
Size = new Si ze( 500, 500 ),
o
Title title = new Title()
{
Name = chart. Titl es. Next Uni queNane(),
Text = "My Data",
Font = new Font( "Trebuchet M5', 12F, FontStyle.Bold ),
s
chart.Titles. Add( title );
Next, add a ChartArea.
Chart Area area = new Chart Area()
{
Narme = chart. Chart Areas. Next Uni queNane(),
o

area. AxisX. Title = "Col 0";
area. Axi sX. Titl eFont =

new Font ( "Trebuchet MS', 10F, FontStyle.Bold );
area. Axi sX. Maj or G'i d. Li neCol or = Col or. Li ght Gray;
ar ea. Axi sX. RoundAxi sVal ues();
area. AxisY. Title = "Col 1";
area. Axi sY. Titl eFont = new Font( "Trebuchet MS', 10F,
Font Style.Bold );
area. Axi sY. Mgj or G'i d. Li neCol or = Col or. Li ght Gray;
ar ea. Axi sY. RoundAxi sVal ues();
chart. Chart Areas. Add( area );
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Finally, add a new data Series, and bind the datasource to the NMath x, y vectors.

Series series =

{

}s

seri es. Poi nts. Dat aBi ndXY( x,

new Series()

Name = "Poi nts",

Chart Type = SeriesChart Type. Poi nt,
Mar ker Styl e = MarkerStyle.Circle,
Mar ker Si ze = 8,

y )

chart. Series. Add( series );

To display the chart, you can use a utility function like this, which shows the given
chart in a default form running in a new thread.

public static void Show Chart chart )

{
Form form = new Forn();
form Si ze =
new Si ze( chart.Size. Wdth + 20,
form Control s. Add( chart );
Thread t = new Thread( ()
t.Start();
}
After calling

Show( chart );

the result looks like Figure 1.

chart. Si ze. Height + 40 );

=> Application.Run( form) );
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Figure | — Chart control

My Data
1 .
L 1 L]
0.8 . ' e
L ]
[ |
]
L'.l []
- .
g
0.4 - -
L 2
L ]
L
b2 .
L ] [ ] L
-
E T T T T 1
0 02 0.4 0E [ 1
Ll 1

NMath Chart Adapter

As an alternative to creating your own Chart controls from scratch, as shown
above, NMath provides a convenient adapter class for the Microsoft Chart
Controls for .NET. To use the adapter, add a reference to

NMVat hChart M crosoft. dl | and usi ng statement

usi ng Cent er Space. NVat h. Charting. M crosoft;
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Class NMathChart provides static methods for plotting NMath types using the
Microsoft Chart Controls. For example, this code reproduces the chart created
manually in Figure 1.

Doubl eMatri x data =
new Doubl eMatri x( 20, 5, new RandGenUniforn() );

int xCol | ndex 0;
int yCol | ndex 1;
Chart chart = NvathChart. ToChart( data, xCollndex, yCollndex );

chart.Titles[0O].Text = "My Data";
chart. Series[0].Nane = "Points";
chart. Series[0]. Marker Size = 8;

Nvat hChart. Show chart );

ToChart () returns an instance of

Syst em W ndows. For ms. Dat aVi sual i zat i on. Charti ng. Chart . Overloads are
provided for common NMath types. The returned Chart can be customized as
desired. For prototyping and debugging console applications, the Show() function
shows a given chart in a default form.

NOTE—When the window is closed, the chart is disposed.

If you do not need to customize the chart, overloads of Show() are also provided
for common NMath types.

NVat hChart. Show( data, xCol I ndex, yCol | ndex );

This is equivalent to calling:

NMat hChart . Show(
NMat hChart. ToChart ( data, xCollndex, yCollndex ) );

Controlling the Look of Charts

The design philosophy of NMathChart is to generate basic charts which simplify
the binding of NMath data to chart controls. It is expected that chart consumers
will want to customize the returned charts to meet their needs.

However, the default look of generated charts can also be controlled by static
properties on NMathChart:

e Defaul t Si ze gets and sets the default size for new charts using an instance
of Syst em Drawi ng. Si ze.

e Defaul tTitl eFont gets and sets the default primary title font for new
charts using an instance of Syst em Dr awi ng. Font .
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e Defaul t Axi sTitl eFont gets and sets the default axis title font for new
charts using an instance of Syst em Dr awi ng. Font .

e Defaul t Maj or Gri dLi neCol or gets and sets the default major grid line
color for new charts using an instance of Syst em Dr awi ng. Col or.

e Defaul t Marker gets and sets the default marker for new charts using an
instance of
Syst em W ndows. For nms. Dat aVi sual i zati on. Charti ng. Marker Styl e.

Units

Class NMathChart.Unit represents a unit of physical quantity, and can be used
specify axis units in cases where the NMath object does not provide this
information.

A NMathChart.Unit is defined by a starting value, step size, and name. For
example, suppose you are plotting a vector of signal data.

int n = 100;

Doubl eVector t = new Doubl eVector( n, 0, 0.1 );

Doubl eVect or signal = new Doubl eVector( n );

for( int i =0; i <n; i++)

{

signal[i] = Math.Sin( 2 * Math.Pl * t[i] ) +

2 * Math.Sin( 2 * Math.Pl * 2 * t[i] ) +
3 * Math.Sin( 2 * Math.Pl * 3 * t[i] );

}

Chart chart = NMathChart. ToChart( signal );

chart.Titles[0].Text = "Signal";

chart.ChartAreas[0] . AxisY. Title = "Vol t age";
NWvat hChart . Showm chart );

The y-values are taken from the vector values, but how should the x-axis be
labelled? By default, the vector indices are used, as shown in Figure 2.
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Figure 2 — Vector data with default units
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To set the units on the y-axis, provide an NMathCart.Unit instance to ToChart ().

Nvat hChart. Unit seconds =
new Nvat hChart.Unit( 0, 0.1, "Tine (s)" );

Chart chart = NvathChart. ToChart( signal, seconds );
chart.Titles[0].Text = "Signal";

chart.ChartAreas[0] . AXisY. Title = "Vol tage";

NVat hChart. Showm chart );

The result is shown in Figure 3.
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Figure 3 — Vector data with custom units
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Composite Charts

Multiple charts can be combined in a composite Chart control, consisting of an 1 x
m grid of component charts. The charts are supplied as an IEnumerable<Chart>,
and the layout order is governed by a value from the

NMat hChar t . Ar eaLayout O der enumeration.

new RandGenUni f or () ;
new Li st <Chart >()

RandGenUni form r nd
Li st<Chart> charts

{
NMat hChart . ToChart ( new Doubl eVector( 100, rnd ) ),
NMat hChart . ToChart ( new Doubl eVector( 10, rnd ),
new Doubl eVector( 10, rnd ) ),
Nvat hChart . ToChart ( new Doubl eMatrix( 20, 4, rnd ), 0, 1),
NMat hChart . ToChart ( new Pol ynom al (
new Doubl eVector( 4, 2, 5, -2, 3 ) ), -1, 1, 100 )
3
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Chart chart = NwvathChart. Conpose( charts, 4, 4,
Nvat hChart . AreaLayout Or der. Col urmMgj or );

NVvat hChart. Show chart );
Figure 4 — Composite chart
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NOTE—Composite charts suppress component chart titles and legends.

Saving Charts
The Save() function saves a chart to a file or stream.

NVat hChart. Save( chart, "chart.png", ChartlnageFormat.Png );

Chart | mageFor mat is an enumeration in the
Syst em W ndows. For ms. Dat aVi sual i zati on. Chart i ng namespace which
enumerates many common image formats.
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Using the Designer

If you are developing a Windows Forms application using the Designer, add a
Microsoft Chart control to your form, then update it with an NMath object using
the appropriate Updat e() function after initialization. For instance:

public Forml()

{
InitializeConponent();
Pol ynom al poly =
new Pol ynomi al ( new Doubl eVector( 4, 2, 5, -2, 3) );
NVat hChart. Update( ref this.chartl, poly, -1, 1);
}

This has the following effect on your existing Chart object:

e anew, default ChartArea is added if one does not exist, otherwise
chart. Chart Areas[ 0] is used

e axistitles, and Def aul t Axi sTi t| eFont and Def aul t Maj or G'i dLi neCol or,
only have an effect if a new ChartArea is added

e titles are added only if the given Chart does not already contain any titles

e chart. Series[ 0] is replaced, or added if necessary

Plotting Vectors

NMath vector classes—FloatVector, DoubleVector, FloatComplexVector, and
DoubleComplexVector—can be plotted in several ways.

A single vector can be plotted as line data series, with the x-values taken from the
vector indices (Figure 2) or a specified NMathChart.Unit object (Figure 3).

Two vectors can also be plotted against one another in a scatter plot, as shown in
Figure 5. For example:

RandGenUni form rnd = new RandGenUniform( 0, 10 );
Doubl eVect or x new Doubl eVector( 100, rnd );
Doubl eVector y new Doubl eVector( 100, rnd );
Nwvat hChart. Showm( x, y );

NOTE—Complex vector values are plotted as the absolute value. To plot complex val-
ues in the complex plane, plot the real and imaginary values against one another as a
scatter plot.
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Figure 5 — Scatter plot
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Finally, an array of vectors can be plotted as multiple data series.

Doubl eVector x = new Doubl eVector( 100, 0, 0.1 );
Doubl eVect or cos = x. Appl y( Nwvat hFuncti ons. CosFunction );
Doubl eVector sin = x. Apply( Nw™at hFuncti ons. Si nFunction );

Doubl eVector[] data = new Doubl eVector[] { cos, sin };
Nvat hChart. Unit unit = new NvathChart. Unit( O, 0.1, "x" );
Chart chart = NwvathChart. ToChart( data, unit );

chart. Series[0].Nane = "cos(x)";

chart. Series[1].Nane = "sin(x)";
NVat hChart. Showm chart );
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Figure 6 — Multiple vector series
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Plotting Matrices

NMath matrix classes—FloatMatrix, DoubleMatrix, FloatComplexMatrix,
DoubleComplexMatrix—can also be plotted in many ways. By default, each
matrix column is plotted as a separate data series. (To plot the matrix rows, simply
Transpose() first.)

RandGenUni form rnd = new RandGenUni f or n();

Doubl eMatri x A = new Doubl eMatrix( 8, 3, rnd );
NWVat hChart . Showm( A )
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Figure 7 — Matrix columns
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NOTE—Complex matrix values are always plotted as the absolute value.

The generated chart uses a line chart to display each series, but this can easily be
customized. For instance, this code uses a stacked column chart.

Chart chart = NwvathChart. ToChart( A);
foreach ( Series series in chart. Series )

{
series. Chart Type = SeriesChart Type. St ackedCol umm;

}
Nvat hChart. Show chart );
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Figure 8 — Matrix columns with custom chart type
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By default, all matrix columns are plotted, but you can optionally specify an array
of column indices to plot.

int[] collndices = newint[] { O, 2 };
NWVat hChart . Show( A, collndices );

.NET Numerical Applications with NMath



Figure 9 — Matrix columns by index
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Lastly, you can specify two column indices to plot versus one another in a scatter
plot.

int xCol | ndex 0;
int yCol | ndex 1;
Nvat hChart . Show( A, xCol I ndex, yCol I ndex );
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Figure 10 — Matrix column scatter plot
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Plotting Functions

NMath provides various classes and delegates for encapsulating functions of one
variable:

e Delegate Nvat hFunct i ons. Doubl eUnar yFunct i on, a functor that takes a
double-precision floating point number and returns a double-precision
floating point number.

e C(lass OneVariableFunction, and derived type Polynomial

e C(lasses DoubleParameterizedFunction and
DoubleParameterizedDelegate, and delegate
NVet hFunct i ons. Gener al i zedDoubl eUnar yFunct i on, for representing
parameterized functions.

16 .NET Numerical Applications with NMath



NMathChart plots NMath functions by interpolating over a given function within
a specified range. For instance:

double xmn = -Math. Pl ;

doubl e xmax = Math. Pl ;

int num nterpol at edVal ues = 100;

NVat hChart. Show( Nwvat hFuncti ons. CosFuncti on, xm n, xnax,
num nt er pol at edVal ues );

Figure || — Interpolated function plot
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In cases where the analytic form of the function is known, such as in a Polynomial
instance, the function is displayed in a subtitle.

Pol ynomi al poly =

new Pol ynom al ( new Doubl eVector( 4, 2, 5, -2, 3) );
NMat hChart. Show( poly, xmn, xmex, numl nterpol atedVal ues );
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Figure 12 — Polynomial
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Optionally, you can also provide a Dictionary of function point labels. For
example, this code uses a BrentMinimizer to find a function minimum within a
given bracketed range, and a RiddersRootFinder to find a function root, then
labels those points in the generated chart.

OneVari abl eFunction f = new OneVari abl eFuncti on(
NMVat hFuncti ons. Si nFunction );

double xmn = -3.0;
doubl e xmax 1.0;
i nt num nt er pol at edval ues = 100;

Bracket bracket = new Bracket( f, 0.01, 0.02 );
Brent M nim zer minimzer = new BrentM nim zer();
double min = minimzer.Mnimze( bracket );

Ri dder sRoot Fi nder finder = new Ri ddersRoot Fi nder();
doubl e root = finder.Find( f, xnmin, xmax );
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Di ctionary<doubl e, string> pointLabels =
new Di cti onary<doubl e, string>()

{
{ mn, "Mninn },
{ root, "Root" },
{ bracket.Lower, "Lower" },
{ bracket.Interior, "Interior" },
{ bracket. Upper, "Upper" },
s

Nvat hChart. Show f, xm n, xmax, numl nterpol at edVal ues,
poi nt Label s );

Figure 13 — Function point labels
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Plotting Fitted Functions

NMath provides various classes for fitting functions to data:

e C(lasses LinearSpline, ClampedCubicSpline, and NaturalCubicSpline for
spline interpolation

e C(lass PolynomialLeastSquares for polynomial fitting.

e Classes OneVariableFunctionFitter and
BoundedOneVariableFunctionFitter for non-linear least squares fitting of
arbitrary functions.

NMathChart plots fitted functions by interpolating over the fitted function within
a specified range, and displaying the original data in a separate data series. For
instance:

Doubl eVect or x = new Doubl eVector( 10, 0, 1 );

Doubl eVector y = new Doubl eVector( 10, new RandGenUniforn() );
Nat ur al Cubi cSpline spline = new Natural CubicSpline( x, y );
Nvat hChar t . Show( spline, num nterpol at edVal ues );
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Figure 14 — Tabulated values
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This code fits a two-parameter asymptotic (y = a+ 9) to a set of data points and
plots the result. X

Doubl ePar anet eri zedDel egate f =
new Doubl ePar anet eri zedDel egat e(
Anal ysi sFuncti ons. TwoPar anet er Asynptotic );

Doubl eVector x = new Doubl eVector( 10, 0.1, 0.1 );
Doubl eVector y = new Doubl eVector ( x.Length );
Doubl eVect or target_paraneters = new Doubl eVector( "1 2" );
RandGenUni form rnd = new RandGenUniform -2, 2 );
for( int i =0; i <y.Length; i++)
{
/] add noi se
y[i] = f.Evaluate( target_paranmeters, x[i] ) + rnd.Next();

}
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OneVari abl eFuncti onFitter<Trust RegionM nim zer> fitter =
new OneVari abl eFuncti onFi tter<Trust Regi onM ni m zer>( f );

Doubl eVect or start = new Doubl eVector( "0.1 0.1" );

Doubl eVector solution = fitter.Fit( x, y, start );

i nt num nt er pol at edVal ues = 100;
NMat hChart. Show( fitter, x, y, solution, nunm nterpol atedVal ues );

Figure 15 — Fitted asymptotic

OneVariableFunctionFitter

Peanis
Function

204

22 .NET Numerical Applications with NMath



Plotting Function Peaks

Class PeakFinderSavitzkyGolay uses smooth Savitzky-Golay derivatives to find
peaks in data. NMathChart supports plotting the found peaks, as shown in
Figure 16.

doubl e step_size = 0.1;
Doubl eVect or x = new Doubl eVector( 1000, 0.01, step_size );
Doubl eVect or v = Nvat hFunctions.Sin( x ) / Xx;
PeakFi nder Savi t zkyGol ay pf =
new PeakFi nder SavitzkyCGol ay( v, 5, 4 );

pf. Absci ssal nterval = step_size;
pf. Sl opeSel ectivity = 0;

pf . Root Fi ndi ngTol erance = 0.0001;
pf. Locat ePeaks();

doubl e xm n = 20;

doubl e xmax = 50;
NMat hChart. Show( pf, xmin, xmax );
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Figure 16 — Peaks in data
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Plotting Least Squares Classes

NMath provides classes FloatLeastSquares, DoubleLeastSquares,
FloatComplexLeastSquares, and DoubleComplexLeastSquares for computing
the minimum-norm solution to a linear system Ax = y. NMathChart plots the
fitted line and residual sum of squares (RSS).

Doubl eMatri x A = new Doubl eMat ri x(

' 5x2[1.0 20.0 1.0 30.0 1.0 40.0 1.0 50.0 1.0 60.0]" );
Doubl eVector y = new Doubl eVector( "[.446 .601 .786 .928 .950]" );
Doubl eLeast Squares | sq = new Doubl eLeast Squares( A, Yy );

NWat hChart. Shom Isq, vy );

24 .NET Numerical Applications with NMath



Figure 17 — Least squares
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Plotting Histograms

Class Histogram constructs and maintains a histogram of input data. Input data is
sorted into bins and a count is kept of how many data points fall into each bin.
NMathChart supports plotting histograms, as shown in Figure 18.

H st ogram hi st ogram = new Hi stogran( 10, 0.0, 100.0 );
Doubl eVect or data =

new Doubl eVector ( 100, new RandGenNorrmal ( 70, 200 ) );
hi st ogram AddDat a( data );
NVat hChart . Show( hi st ogram);

Plotting Histograms 25



Figure 18 — Histogram chart
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Conclusions

NMath types can be easily plotted using the NMathChart adapter and the free
Microsoft Chart Controls for .NET, creating a complete solution for data analysis
and visualization.
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