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assert
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#include <assert.h>
void assert(scalar expression);
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O003000000000000_FILE_OUOOD _LINE_DUOOO funcO0O0000OD0O)ODOO
OO abort OO ODOOODODODO

0

/* a example for assert (). The program will
abort while i < 0 and display error message.x*/
#include <assert.h>

int main() {
int 1i;
for(i = 5; ; i--)
{
printf ("i= %d\n", 1i);
assert (i >= 0);

-
Il
o~ N Wb U

i= -1
Assertion failed: i >= 0, file assert_func.c, line 10, function main ()
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PLOT_TEXT_CENTER goooooooooooooooogo
PLOT_TEXT_LEFT goooooooboooooooobgon
PLOT_TEXT RIGHT gooooooooooooooobogooon
PLOT_TICS_IN goooooooooooogooo
PLOT_TICS_OUT goooooooooooogoon

gd

ooobpogoocpotO0ooooboOoOonooOoOoDO

g oo

fplotxy() OoooOoobx0o20000000000000C0O0ODOCrPotOODOO
uboogoboooobooooon

fplotxyz() OooooobxOyO030000000000DO0O0ODOOO CPIetOOODO
uboobbooboobooo

plotxy() 20000b0ob0oboboobobooboobo crotDooooDooonog
oooooog

plotxyf() Oo0ooOOoOobooOoo20000000000DOOoboOoOoOc Ccretonon
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plotxyz() 3jooooooobooooboooboogooo ceotd0oooooooon
ugbobooon

plotxyzf() obooobooooo3gbooooooooboobooooono crlot o

gboboooboooobooon

goobog

T. Williams, C. Kelley, D. Denholm, D. Crawford, et al., Gnuplot — An Interactive plotting Program,
Version 3.7, December 3, 1998, ftp://ftp.gnuplot.vt.edu/.

Gnuplot 0O OOO0O

~
*

Copyright 1986 - 1993, 1998 Thomas Williams, Colin Kelley

Permission to use, copy, and distribute this software and its
documentation for any purpose with or without fee is hereby granted,
provided that the above copyright notice appear in all copies and
that both that copyright notice and this permission notice appear
in supporting documentation.

L S S S T S

Permission to modify the software is granted, but not the right to
distribute the complete modified source code. Modifications are to
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L S S S S T S S S T S N

be distributed as patches to the released version. Permission to
distribute binaries produced by compiling modified sources is granted,
provided you

1. distribute the corresponding source modifications from the
released version in the form of a patch file along with the binaries,

2. add special version identification to distinguish your version
in addition to the base release version number,

3. provide your name and address as the primary contact for the
support of your modified version, and

4. retain our contact information in regard to use of the base
software.
Permission to distribute the released version of the source code
along with corresponding source modifications in the form of a patch
file is granted with same provisions 2 through 4 for binary
distributions.

This software is provided "as is" without express or implied warranty
to the extent permitted by applicable law.
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CPlot::arrow

Synopsis

#include <chplot.h>

void arrow(double x_%ead, double y_head, double z_head, double x_tail, double y_rail, double z_tail, ...
/* [char option] */);

Syntax

arrow(x_head, y_head, x_tail, y_tail)

arrow(x_head, y_head, x_tail, y_tail, option)
arrow(x_head, y_head, z_head, x_tail, y_tail, z_tail)
arrow(x_head, y_head, z_head, x_tail, y_tail, z_tail, option)

Purpose
Add an arrow to a plot.

Return Value
None.

Parameters

x_head The x coordinate of the head of the arrow.

y-head The y coordinate of the head of the arrow.

z_head For 2D plots this is ignored. For 3D plots, the z coordinate of the head of the arrow.
x_tail For x coordinate of the tail of the arrow.

y_tail The y coordinate of the tail of the arrow.

z-tail For 2D plots this is ignored. For 3D plots, the z coordinate of the tail of the arrow.
option The option for the arrow.

Description
This function adds an arrow to a plot. The arrow points from (x_tail, y_tail, z_tail) to (x_head, y_head,
z_head). These coordinates are specified using the same coordinate system as the curves of the plot.

An arrow is not counted as a curve. Therefore, it does not affect the number of legends added by
CPlot::legend(legend, num).

The optional argument opt ion of string type with the following values can be used to fine tune the arrow
based on the argument for set arrow command of the gnuplot.

{ {nohead | head | backhead | heads}
{size <length>,<angle>{,<backangle>}}

11
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{filled | empty | nofilled}
{front | back}
{ {linestyle | 1ls <line_style>}
| {linetype | 1t <line_type>}
{linewidth | 1w <line_width} } } }

Specifying ‘nohead‘ produces an arrow drawn without a head—a line segment. This gives you yet another
way to draw a line segment on the plot. By default, an arrow has a head at its end. Specifying ‘backhead*
draws an arrow head at the start point of the arrow while ‘heads* draws arrow heads on both ends of the line.
Not all terminal types support double-ended arrows.

Head size can be controlled by ‘size <length>,<angle>‘ or
‘size <length>,<angle>, <backangle>"‘, where ‘<length>" defines length of each branch
of the arrow head and ‘jangle;‘ the angle (in degrees) they make with the arrow. ‘<Length>‘ is in x-
axis units; this can be changed by ‘first’, ‘second‘, ‘graph‘, ‘screen‘, or ‘character‘ before the jlength;;
see ‘coordinates® for details. ‘jBackangle;‘ only takes effect when ‘filled® or ‘empty‘ is also used. Then,
‘<backangle>" is the angle (in degrees) the back branches make with the arrow (in the same direction
as ‘<angle>"‘). The ‘fig* terminal has a restricted backangle function. It supports three different an-
gles. There are two thresholds: Below 70 degrees, the arrow head gets an indented back angle. Above 110
degrees, the arrow head has an acute back angle. Between these thresholds, the back line is straight.

Specifying ‘filled‘ produces filled arrow heads (if heads are used). Filling is supported on filled-polygon
capable terminals, otherwise the arrow heads are closed but not filled. The same result (closed but not filled
arrow head) is reached by specifying ‘empty*.

If “front® is given, the arrow is written on top of the graphed data. If ‘back‘ is given (the default), the
arrow is written underneath the graphed data. Using ‘front* will prevent an arrow from being obscured by
dense data.

The ‘linetype‘ is followed by an integer index representing the line type for drawing. The line type varies
depending on the terminal type used (see CPlot::outputType). Typically, changing the line type will change
the color of the line or make it dashed or dotted. All terminals support at least six different line types. The
‘linewidth‘ is followed by a scaling factor for the line width. The line width is ‘linewidth multiplied by the
default width. Typically the default width is one pixel.

Example 1
Compare with output for examples in CPlot::data2D() and CPlot::data2DCurve().

/% File: arrow_1l.ch */
#include <math.h>
#include <chplot.h>

int main() |
int numpoints = 36;
array double x[numpoints], y[numpoints];

class CPlot plot;

lindata (0, 360, x);

y = sin(x*M_PI/180);

plot.arrow (185, 0.02, 225, 0.1);

plot.text ("test text", PLOT_TEXT_LEFT, 225, 0.1);
plot.data2D (x, V);

12
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plot.plotting () ;
}

Output

0.8

0.6

0.4

0.2

-0.2

-0.4

-0.6

-0.8

50 100 400

Example 2

CPlot::arrow

Compare with the output for examples in CPlot::data3D() and CPlot::data3DSurface().

/* File: arrow_2.ch =/
#include <math.h>
#include <chplot.h>

int main () {
double x[207,
int i, 3;
class CPlot plot;

y[30], z[600];

lindata (-3, 3,
lindata (-4, 4, y);

for (i=0; i<20; 1i++)

for (3=0; 7j<30;
z[30%x1i+7]

= 10% (x[1]/5 = x[i]*x[1]*x[1i]-pow(y[7]]

X) ;

{
J++) Ao

3x (1-x[1]) *(1-x[1]) »rexp (= (x[1]*x[1])—(y[J]1+1) *(
5

)i

- 1/3xexp (- (x[11+1) *» (x[1]1+1) -y [F1=*y[]]
}
}
plot.data3D(x, vy, 2z);
plot.arrow (0, 2, 8, 2, 3, 12);
plot.text ("peak", PLOT_TEXT_LEFT, 2.1, 3.15, 12.6);
plot.plotting();
}
Output

13
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Example

/* File:

peak

bdAdbonsowm

bohNdonvso®

3

arrow_3.ch */

#include <math.h>
#include <chplot.h>

int main() {
double complex z[12];
char option[64];

int
clas

for

plot.

plot
plot

plot.

plot

Output

i;

s CPlot plot;

(i=0; 1i<12; i++) {

real (z[1i]) = (5+sin(150%ixM_PI/180))*cos(30*«ixM_PI/180);
imag(z[1]) = (5+sin(150%i«M_PI/180))*sin(30x1i+«M_PI/180);
sprintf (option, "linetype 1 linewidth %d", i+1);
plot.arrow(real(z[i]), imag(z[i]), O, O, 0O, O, option);

axisRange (PLOT_AXIS_XY, -6, 6); /* one point cannot do autorange =/

.point (real(z[0]), imag(z[0]), 0); /% CPlot::arrow() itself is not a data set
.plotType (PLOT_PLOTTYPE_POINTS, 0);

sizeRatio (-1);

.plotting();

14
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Example 4
See an example on page [I60|for CPlot:plotType() on how opt ion is used in comparison with the plot type
PLOT_PLOTTYPE_VECTORS.

See Also
CPlot::circle(), CPlot::data2D(), CPlot::outputType(), CPlot::plotType(), CPlot::point(), CPlot::polygon(),
CPlot::rectangle().

CPlot::autoScale

Synopsis
#include <chplot.h>
void autoScale(int axis, int flag);

Purpose
Set autoscaling of axes on or off.

Return Value
None.

Parameters

axis The axis to be set. Valid values are:

PLOT _AXIS X Select the x axis only.
PLOT _AXIS X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
PLOT _AXIS_Y2 Select the y2 axis only.

15
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PLOT_AXIS_Z Select the z axis only.
PLOT_AXIS XY Select the x and y axes.
PLOT _AXIS XYZ Select the x, y, and z axes.

flag Enable or disable auto scaling.

PLOT_ON The option is enabled.
PLOT_OFF The option is disabled.

Description
Autoscaling of the axes can be PLOT_ON or PLOT_OFF. Default is PLOT_ON. If autoscaling for an axis
is disabled, an axis range of [-10:10] is used.

Example
Compare with the output for examples in CPlot::data2D() and CPlot::data2DCurve().

/* File: autoScale.ch =*/
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];

class CPlot plot;

lindata (0, 360, x);
y = sin(x+*M_PI/180);
plot.autoScale (PLOT_AXIS_Y, PLOT_OFF);
plot.data2D (x, V);
plot.plotting () ;
}

Output

10

-10

16
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CPlot::axis

Synopsis
#include <chplot.h>
void axis(int axis, int flag, ... /* [ int linetype, int linewidth, char linecolor] */);

Syntax
axis(axis, flag);
axis(axis, linetype, linewidth, linecolor);

Purpose
Enable or disable drawing of x-y axis on 2D plots.

Return Value
None.

Parameters

axis The axis parameter can take one of the following values:

PLOT_AXIS X Select the x axis only.
PLOT _AXIS X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
PLOT _AXIS_Y2 Select the y2 axis only.
PLOT_AXIS XY Select the x and y axes.

flag This parameter can be set to:

PLOT_ON Enable drawing of the specified axis.
PLOT_OFF Disable drawing of the specified axis.

CPlot::axis

linetype An integer index representing the line type for drawing. Use the same value for different curves so

that each curve with the same style, and same color by default.

linewidth A scaling factor for the line width. The line width is linewidth multiplied by the default width.

linecolor color for the line.

Description

Enable or disable the drawing of the x-y axes on 2D plots. By default, the x and y axes are drawn with the

dotted line using the 1inetype O.

The line type, width, and color for x-y axes can be changed in the same manner as the member function

CPlot::lineType(). See CPlot::lineType() on how to setup the arguments linetype, linewidth, and linecolor.

Example
Compare with the output for the example in CPlot::axisRange().

17
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/* File: axis.ch */
#include <math.h>
#include <chplot.h>

int main() |
int numpoints = 36;

array double x[numpoints], y[numpoints];

class CPlot plot;

lindata (0, 360, x);
y = sin(x*M_PI/180);
plot.axisRange (PLOT_AXIS_X, -30, 390);

plot.ticsRange (PLOT_AXIS_X, 30, -30, 390);

(
plot.axisRange (PLOT_AXIS_Y, -1, 1);
(

plot.ticsRange (PLOT_AXIS_Y, .25, -1, 1);

plot.axis (PLOT_AXIS_X, PLOT_OFF);
plot.data2D (x, Vv);
plot.plotting () ;

Output

// Y-axis data.

T T
0.75 | \

0.5 - /

-0.25
205 F

-0.75

1 I I I I

-30 0 30 60 90 120 150

Example 2
Compare with the output from Example 1.

/* File: axis_2.ch %/
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;

array double x[numpoints], y[numpoints];

int linetype=1l, linewidth=3;
char linecolor[]="green";
class CPlot plot;

lindata (0, 360, x);
y = sin(x*M_PI/180);
plot.axisRange (PLOT_AXIS_X, -30, 390);

180
X

210 240 270 300 330

// Y-axis data.

360

390

CPlot::axis
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plot.ticsRange (PLOT_AXIS_X, 30, -30, 390);
plot.axisRange (PLOT_AXIS_Y, -1, 1);

plot.ticsRange (PLOT_AXIS_Y, .25, -1, 1);

plot.axis (PLOT_AXIS_XY, linetype, linewidth, linecolor);
plot.data2D (x, V);

plot.plotting () ;

return 0;

Output

0.75
05 / \

0.25 / \

0.25
05 \ /

-0.75

\ /
\ /
A\ /
1 I I I I I I I \\ /

-30 0 30 60 90 120 150 180 210 240 300
X

1

270 330 360 390

See Also
CPlot::lineType().

CPlot::axisRange

Synopsis
#include <chplot.h>

void axisRange(int axis, double minimum, double maximum, ... /* [double incr] */);

Syntax
axisRange(axis, minimum, maximum)

axisRange(axis, minimum, maximum, incr)

Purpose

Specify the range for an axis.

Return Value
None.

Parameters

19
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axis The axis parameter can take one of the following values:

PLOT_AXIS X Select the x axis only.
PLOT_AXIS_X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
PLOT_AXIS_Y2 Select the y2 axis only.
PLOT _AXIS_Z Select the z axis only.
PLOT_AXIS XY Select the x and y axes.
PLOT_AXIS_XYZ Select the x, y, and z axes.

minimum The axis minimum.
maximum The axis maximum.

incr The increment between tic marks. By default or when incr is 0, the increment between tic marks is
calculated internally.

Description
The range for an axis can be explicitly specified with this function. Autoscaling for the specified axis is
disabled and any previously specified labeled tic-marks are overridden. If the axis is logarithmic specified
by the member function scaleType(), the increment will be used as a multiplicative factor.

Note that

plot.axisRange (axis, min, max, incr);
is obsolete. Use

plot.axisRange (axis, min, max);

plot.ticsRange (axis, incr);

or
plot.ticsRange (axis, incr, start);
plot.ticsRange (axis, incr, start, end);
Example 1

Compare with the output for the examples in CPlot::axis() and CPlot::grid().

/+ File: axisRange.ch */
#include <math.h>
#include <chplot.h>

int main() |
int numpoints = 36;
array double x[numpoints], y[numpoints];

class CPlot plot;

lindata (0, 360, x);

y = sin(x*M_PI/180); // Y—-axis data.
plot.axisRange (PLOT_AXIS_X, -30, 390);

plot.ticsRange (PLOT_AXIS_X, 30);

plot.axisRange (PLOT_AXIS_Y, -2, 2);

20
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plot.ticsRange (PLOT_AXIS_Y, 0.25);

plot
plot

Output

.data2D (x,
.plotting () ;

Example 2
3D mesh plot without vertical lines at the corners. Compare with the output for examples in CPlot::data3D()
and CPlot::data3DSurface().

/* File:

axisRange_2.ch */

#include <chplot.h>
#include <math.h>

int main() {

double x[307,

double r;
int i, j;
class CPlot plot;

lindata (=10, 10,
lindata (=10, 10,

for (i=0; i<30; 1i++)
for (3=0;

plot.
.axisRange (PLOT_AXIS_XY, -12,

plot

plot.
.plotting () ;

plot

Output

v)i

1.75
15
1.25

0.75
0.5
0.25

-0.25

-0.5

-0.75

-1.25

-15

-1.75

-2

-30

X
Yy

3<30;

y[30],

)i
)i

{
J++)

30 60 90

z[900];

{

120 150

r = sqrt (x[i]l*x[i]l+y[jl+*y[3]);
z[30*1i+7]

data3D (%, v,

z);

sin(r)/r;

12);

180 210 240 270 300 330 360
X

title ("3D Mesh Without Vertical lines at Corners");

21
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3D Mesh Without Vertical lines at Corners

7'y

0.8
0.6

0.2

0.2
0.4

Example 3
X axis range is reversed.

/* File: axisRange_3.ch */
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];
class CPlot plot;

lindata (=360, 30, x);
y = sin(x*M_PI/180); // Y-axis data.
plot.axisRange (PLOT_AXIS_X, 50, -400);
plot.ticsRange (PLOT_AXIS_X, -30);
plot.data2D (x, V);
plot.plotting();
}

Output

0.8 | 1

0.6 ]

02 | 1

0.2} i

04 1

06 | i

-0.8 | .

-1 1 1 1 1 1 1 1 1 1 1 1 1 1
30 0 -30 -60 -90 -120 -150 -180 -210 -240 -270 -300 -330 -360 -390
X
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See Also
CPlot::ticsRange(), CPlot::autoScale(), CPlot::ticsLabel().

CPlot::axes

Synopsis
#include <chplot.h>
void axes(int num, string_t axes);

Syntax

axes(num, axes)

Purpose
Specify the axes for a data set.

Return Value
None.

Parameters
num The data set the axes are specified.
axes The axes for the specified data set.
Description

A CPlot class lets you use each of the four borders — x (bottom), x2 (top), y (left) and y2 (right) — as an
independent axis. The axes() function lets you choose which pair of axes a given set of data specified in
numn is plotted against.

There are four possible sets of axes available. The argument axes is used to select the axes for which a
particular line should be scaled. The string "x1y1" refers to the axes on the bottom and left; "x2y2" to
those on the top and right; "x1y2" to those on the bottom and right; and "x2y1" to those on the top and
left.

Other options such as labels and ranges can be specified other member functions by selecting a proper
axis with one of following macros.

PLOT_AXIS X Select the x axis only.
PLOT_AXIS_X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
PLOT_AXIS_Y2 Select the y2 axis only.
PLOT_AXIS_Z Select the z axis only.

PLOT_AXIS XY Select the x and y axes.
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PLOT_AXIS_XYZ Select the x, y, and z axes.
Example 1

/* File: axes.ch */
#include <chplot.h>
#include <math.h>

double funcl (double x) {
return sin (x);

}

double func?2 (double x) {
return x*x;

int main() {
class CPlot plot;
double x0= -6.28, xf = 6.24;
int num = 100;

plot.title("sin(x) and xxx");

("
plot.label (PLOT_AXIS_X, "x (radians)");
(

plot.label (PLOT_AXIS_Y, "sin(x)");
plot.label (PLOT_AXIS_Y2, "x*xx");
plot.axisRange (PLOT_AXIS_X, x0, xf);

plot.ticsMirror (PLOT_AXIS_X, PLOT_ON) ;

plot.axisRange (PLOT_AXIS_X2, x0, xf);
plot.ticsRange (PLOT_AXIS_Y, 0.5);

plot.border (PLOT_BORDER_ALL, PLOT_ON);

plot.ticsMirror (PLOT_AXIS_Y2, PLOT_ON);

plot.ticsDirection (PLOT_TICS_OUT) ;
plot.tics (PLOT_AXIS_Y2, PLOT_ON);
plot.ticsRange (PLOT_AXIS_Y2, 5);
plot.grid (PLOT_ON, "x y y2");
plot.func2D (x0, xf, num, funcl);
plot.legend("51n( x)", 0);
plot.func2D (x0, xf num, func?2);
plot.legend ("xx* 1);

plot.axes (1, "x2y2");
plot.plotting();

Output
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sin(x) and x*x

1 ‘ 40
/ \ // sin(x)
/ \ / \ X*X
35
0.5 / 30
25
£ o 20 &
n
‘ [t 15
\ /
-05 / /-t 10
\
\
\ e
/ //
1 A A 0
6 4 2 0 2 4 6
x (radians)

Example 2
See an example on page for plot type PLOT_PLOTTYPE_FINANCEBARS in CPlot:plotType(). In
that example, the y2 axis is used to display different data.

See Also
CPlot::legend(), CPlot::axisRange().

CPlot::barSize

Synopsis
#include <chplot.h>
void barSize(double size);

Syntax
barSize(size)

Purpose
Set the size of error bars.

Return Value
None.

Parameters
size The size of error bars. The value for size is in the range [0, 1.0].

Description
This  function  specifies the size of of error bars for a plot type of
PLOT_PLOTTYPE _XERRORBARS, PLOT_PLOTTYPE_XYERRORBARS, and

25
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PLOT_PLOTTYPE_YERRORBARS. specified by member function CPlot::plotType(). The value for
size is in the range [0, 1.0]. The value O is for no error bar. The value 1.0 is for the largest error bar.
Example

See an example on page[164]for the plot type PLOT_PLOTTYPE_XYERRORBARS in CPlot::plotType().

See Also
CPlot::boxWidth(), CPlot::plotType().

CPlot::border()

Synopsis
#include <chplot.h>
void border(int location, int flag);

Purpose
Enable or disable display of a bounding box around the plot.

Return Value
None.

Parameter

location The location of the effected border segment.

PLOT_BORDER BOTTOM The bottom of the plot.
PLOT_BORDER _LEFT The left side of the plot.
PLOT_BORDER _TOP The top of the plot.
PLOT_BORDER RIGHT The right side of the plot.
PLOT_BORDER _ALL All sides of the plot.

flag Enable or disable display of a box around the boundary or the plot.

PLOT_ON Enable drawing of the box.
PLOT_OFF Disable drawing of the box.
Description

This function turns the display of a border around the plot on or off. By default, the border is drawn on all
sides (left, bottom, top, and right) for 2D plots, and on all sides for 3D plots.

Example 1
Compare with the example output in CPlot::ticsMirror().

/+* File: border.ch =/
#include <math.h>
#include <chplot.h>
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int main() |
int numpoints = 36;
array double x[numpoints], y[numpoints];
class CPlot plot;

lindata (0, 360, x);
y = sin(x+*M_PI/180);
plot.data2D (x, Vv);

//or plot.border (PLOT_BORDER_TOP | PLOT_BORDER_RIGHT,

PLOT_OFF) ;

400

plot.border (PLOT_BORDER_TOP, PLOT_OFF);
plot.border (PLOT_BORDER_RIGHT, PLOT_OFF);
plot.ticsMirror (PLOT_AXIS_XY, PLOT_OFF);
plot.plotting();
}
Output
1 -
06
/ \
04 / \\\
/ \\
02 ,/ \
/ \
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\
02 F \ /
0.4 F \
\ /
-0.6 | /
-0.8 - /
710 5‘0 1!;0 L;;D 260 2.;:0\ = 3[;0 3‘50 ;
Example 2

Compare with the example output in CPlot::polarPlot().

/* File: border_2.ch */
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 360;
array double theta[numpoints], r[numpoints];
class CPlot plot;

lindata (0, 2+M_PI, theta);

r = sin(theta);

plot.data2D (theta, r);
plot.label (PLOT_AXIS_XY, NULL);
plot.sizeRatio (1) ;

plot.border (PLOT_BORDER_ALL, PLOT_OFF);
plot.tics (PLOT_AXIS_XY, PLOT_OFF);
plot.axis (PLOT_AXIS_XY, PLOT_OFF) ;
plot.plotting();

// Y-axis data.

Output
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See Also
CPlot::ticsMirror().

CPlot::borderOffsets

Synopsis
#finclude <chplot.h>
void borderOffsets(double /eft, double right, double top, double bottom);

Purpose
Specify the size of offsets around the data points of a 2D plot in the same units as the plot axis.

Return Value
None.

Parameters

left The offset on the left side of the plot.
right The offset on the right side of the plot.
top The offset on the top of the plot.

bottom The offset on the bottom of the plot.

Description

For 2D plots, this function specifies the size of offsets around the data points of an autoscaled plot. This
function can be used to create empty space around the data. The left and right arguments are specified in the
units of the x-axis. The fop and bottom arguments are specified in the units of the y-axis.

Example
Compare with the output for examples in CPlot::data2D() and CPlot::data2DCurve().

/+* File: borderOffsets.ch */
#include <math.h>
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#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];
class CPlot plot;

lindata (0, 360, x);
y = sin(x*M_PI/180);
plot.data2D (x, V);
plot.borderOffsets (30, 30, .5, .25);
plot.plotting () ;

}

Output

15

CPlot::boxBorder
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See Also

CPlot::autoScale(), CPlot::axisRange(), CPlot::ticsLabel(), CPlot::margins().

400

CPlot::boxBorder

Synopsis
#include <chplot.h>
void boxBorder(int num, ... /* [int linetype] */);

Syntax
boxBorder(num)

boxBorder(num, linetype)

Purpose
Enable or disable drawing of a border for a plot of box type.
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Return Value
None.

Parameters

num The data set of plot type of box or filled curve to be bounded with a border. If num is -1, the border
handling will be applied to all boxes and filled curves for the plot.

linetype The linetype parameter specifies the line type used to draw bounding lines.

Description

This function specifies how borders for boxes and filled curves will handled for a plot type of
PLOT_PLOTTYPE_BOXES, PLOT_PLOTTYPE_BOXERRORBARS,
PLOT_PLOTTYPE BOXXYERRORBARS, PLOT_PLOTTYPE_CANDLESTICKS, and

PLOT _PLOTTYPE _FILLEDCURVES specified by member function CPlot::plotType(). By default, the
box or filled curve is bounded by a solid line of the current line type. If the line type is not specified by the
function call of boxBorder(num), no bounding lines are drawn.

Example

In this example, each box has width of 30 specified by CPlot::boxWidth(). The first box is by default
empty. The second box is filled with a solid color. The third one is filled with a solid color of density 0.25.
The border of this box uses the line type for the first box specified by CPlot::boxBorder(). The fourth box
is filled with a pattern. The border of this box is empty. The four boxes are repeated twice by a outer loop
with index j.

/* File: boxBorder.ch x/
#include <math.h>
#include <chplot.h>
#include <numeric.h>

#define N 4
#define M 2

int main() {
int i, j, k, numpoints = 4, linetype, linewidth, patternnum=1;
array double x[numpoints], y[numpoints];

class CPlot plot;
double begin;

begin = 0.01;
for (j=0; j< M; J++) |
for (i=0; i<N; 1i++) {
lindata (begin, begin+180-0.01, x);
y = sin(x+«M_PI/180);
for (k=0; k<numpoints; k++) {
y[k] += sign(y[k])~+1;
}
plot.data2D(x, Vy);
linetype = i+1;
linewidth = 2;
plot.plotType (PLOT_PLOTTYPE_BOXES, 1i+7j#N);
plot.lineType (i+3j*N, linetype, linewidth);
plot.boxWidth (30) ;

if (i==1)
plot.fillStyle (i+j%N, PLOT_FILLSTYLE_SOLID);
else if (i==2) {
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plot.fillStyle(i+j*N, PLOT_FILLSTYLE_SOLID, 0.25);
plot.boxBorder (i+jxN, 1);
}
else 1if(i==3) {
plot.boxBorder (i+3*N) ;
plot.fillStyle(i+j*N, PLOT_FILLSTYLE_PATTERN, patternnum);
}
begin += 180;
}
}
plot.axisRange (PLOT_AXIS_X, -60, NxMx180+60);
plot.ticsRange (PLOT_AXIS_X, 180, 0, NxM%180);
plot.axisRange (PLOT_AXIS_Y, -2.5, 2.5);
plot.plotting();
return 0;

}

Output
T T T T T T T T
2+ i
1 i
> 0 e e e
| | | | | ERE
2 F ‘ ‘ -
1 1 1 1 1 1 1 1
0 180 360 540 720 900 1080 1260 1440
X
See Also

CPlot::fillStyle(), CPlot::boxWidth(), CPlot::boxFill(), CPlot::plotType().

CPlot::boxFill

Synopsis
#include <chplot.h>
void boxFill(int num, int style, ... /* [double density], int patternnum] */);

Syntax
boxFill(num, PLOT_BOXFILL_EMPTY)
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boxFill(num, PLOT_BOXFILL_SOLID)

boxFill(num, PLOT_BOXFILL_SOLID, density)

boxFill(num, PLOT_BOXFILL_TRANSPARENT _SOLID, density)
boxFill(num, PLOT_BOXFILL_PATTERN)

boxFill(num, PLOT_BOXFILL_PATTERN, patternnum)

boxFill(num, PLOT_BOXFILL_TRANSPARENT_PATTERN, patternnum)

Purpose
Fill a box or filled curve with a solid color or pattern.

This function is obsolete. Use CPlot::fillStyle().

Return Value
None.

Parameters

num The data set of plot type of box or filled curve to be filled. If num is -1, the fill style will be applied to
all boxes and filled curves for the plot.

style The style parameter can take one of the following values:

PLOT_BOXFILL_EMPTY Do not fill the box. The default is to have an empty box.
PLOT_BOXFILL_SOLID Fill the boxes or filled curves with a solid color.

PLOT _BOXFILL_TRANSPARENT _SOLID Fill the boxes or filled curves with a transparent solid
color.

PLOT BOXFILL PATTERN Fill the boxes or filled curves with a pattern.

PLOT BOXFILL_TRANSPARENT PATTERN Fill the boxes or filled curves with a transparent
pattern.

density The density of solid color in the range of [0, 1.0]. If the value for density is 0.0, the box is empty.
If it is 1.0, the inner area is of the same color as the current line type. If no density parameter is
given, it defaults to 1.0.

In the case of transparent solid fill areas, the density parameter is interpreted as an alpha value; that
is, density 0 is fully transparent, density 1 is fully opaque.

patternnum The parameter patternnum option causes filling to be done with a fill pattern supplied by
the terminal driver. The kind and number of available fill patterns depend on the terminal driver. If
multiple datasets using filled boxes are plotted, the pattern cycles through all available pattern types,
starting from patternnum, much as the line type cycles for multiple line plots. The available
patterns in Windows are shown below.
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pattern fill
o 1 2 3 4 5 &6 7T 8 4

In the case of transparent pattern fill, the background of the pattern is either fully transparent or fully
opaque.

Description

This function specifies how boxes and filled curves are filled with a solid color or pattern. The fill style
can be applied to plot types of PLOT_PLOTTYPE_BOXES, PLOT_PLOTTYPE_BOXERRORBARS,
PLOT_PLOTTYPE_BOXXYERRORBARS, PLOT_PLOTTYPE_CANDLESTICKS, and
PLOT_PLOTTYPE_FILLEDCURVES specified by member function CPlot::plotType().

There may be additional limitations on the creation or viewing of graphs containing transparent fill areas.
For example, the png terminal can only use transparent fill if the “truecolor” option is set by

plot.outputType (PLOT_OUTPUTTYPE_FILE, "png truecolor", "filename.png")

Postscript files only support transparent pattern-fill areas.

Portability
Not all platforms support PLOT_BOXFILL_TRASNPARENT_SOLID and
PLOT_BOXFILL_TRASNPARENT_PATTERN.

Example
See an example on page 30l for CPlot:boxBorder().

See Also
CPlot::boxBorder(), CPlot::boxWidth(), CPlot::fillStyle(), CPlot::plotType().

CPlot::boxWidth

Synopsis
#include <chplot.h>
void boxWidth(double width);
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Syntax
boxWidth(width)

Purpose
Set the width for a box.

Return Value
None.

Parameters
width The width of boxes to be drawn.

Description

This function specifies the width of boxes for a plot type of
PLOT_PLOTTYPE BOXES, PLOT PLOTTYPE_BOXERRORBARS,
PLOT_PLOTTYPE BOXXYERRORBARS, and PLOT_PLOTTYPE_CANDLESTICKS specified by
member function CPlot::plotType().

By default, adjacent boxes are extended in width until they touch each other. A different default width
may be specified using the this member function.

The parameter width for the boxwidth is interpreted as being a number of units along the current x
axis. If the x axis is a log-scale then the value of boxwidth is absolute only at x=1; this physical width is
maintained everywhere along the axis (i.e. the boxes do not become narrower the value of x increases). If
the range spanned by a log scale x axis is far from x=1, some experimentation may be required to find a
useful value of boxwidth.

The default is superseded by explicit width information taken from an extra data column for a plot type of
PLOT_PLOTTYPE BOXES, PLOT_PLOTTYPE_BOXERRORBARS, or
PLOT_PLOTTYPE_BOXXYERRORBARS, In a four-column data set, the fourth column will be in-
terpreted as the box width unless the width is set to -2.0, in which case the width will be calculated
automatically.

To set the box width to automatic for four-column data, use

plot.boxwidth (-2);

The same effect can be achieved with the option of using keyword for member function CPlot::dataFile()
as follows.

plot.dataFile (datafile, "using 1:2:3:4:(-2)");
To set the box width to an absolute value of 30, use
plot.boxWidth (2) ;

Example
See an example on page 30l for CPlot:boxBorder().
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See Also
CPlot::boxBorder(), CPlot::fillStyle(), CPlot::boxFill(), CPlot::plotType().

CPlot::changeViewAngle

Synopsis
#include <chplot.h>
void changeViewAngle(double x_rot, double z_ror);

Purpose
Change the viewpoint for a 3D plot.

Return Value
None.

Parameters

x_rot The angle of rotation for the plot (in degrees) along an axis horizontal axis of the screen.
z-rot The angle of rotation for the plot (in degrees) along an axis perpendicular to the screen.

Description
This function provides rotation of a 3D plot. x_rot and z_rot are bounded by the range [0:180] and the range
[0:360] respectively. By default, 3D plots are displayed with x_ror = 60° and z_rot = 30°.

Example
Compare with the output for examples in CPlot::data3D() and CPlot::data3DSurface().

/* File: changeViewAngle.ch =/
#include <math.h>
#include <chplot.h>

int main () {
array double x[20], y[20], z[400];
int i, 3;
class CPlot plot;

lindata (-2, 2, x);

lindata (-2, 2, vy);

for (i=0; 1<20; 1i++) {
for (j=0; 3<20; J++) {

2[1%20+3] = x[i]wexp (-x[1]*x[i]-y[3]1+y[3]);

}

}

plot.data3D(x, vy, 2z);

plot.changeViewAngle (45, 15);

plot.plotting () ;

}

Output
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Example
/* File: changeViewAngle_2.ch */
#include <chplot.h>

#include <math.h>

int main() {

array double x[20], y[20], z[400];

int datasetnum =0, i, J;
class CPlot plot;

lindata (-2, 2, x);

lindata (-2, 2, vy);

for (i=0; 1<20; 1i++) {
for (j=0; 3<20; J++) {

z[1%20+3] = x[i]+exp (-x[i]l*x[i]-y[J]*y[J]);

plot.data3D(x, vy, 2z);
plot.changeViewAngle (0,0);

plot.plotType (PLOT_PLOTTYPE_LINES,
plot.contourMode (PLOT_CONTOUR_BASE) ;

plot.showMesh (PLOT_OFF) ;
plot.title ("Contour plot");
plot.plotting();

Output

datasetnum) ;
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Contour plot

See Also

CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSurface().

CPlot::circle

15

0.5

-0.5

-15

CPlot::circle

Synopsis
#finclude <chplot.h>
int circle(double x_center, double y_center, double r);

Purpose
Add a circle to a 2D plot.

Return Value
This function returns O on success and -1 on failure.

Parameters

x_center The x coordinate of the center of the circle.
y_center The y coordinate of the center of the circle.
r The radius of the circle.

Description

This function adds a circle to a 2D plot. It is a convenience function for creation of geometric primi-

tives. A circle added with this function is counted as a data set for later calls to CPlot::legend() and

CPlot::plotType(). For rectangular plots, x and y are the coordinates of the center of the circle and r is

the radius of the circle, all specified in units of the x and y axes. For polar plots, the location of the center of

the circle is specified in polar coordinates where x is # and y is r.
Example 1
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/* File: circle.ch x/
#include <chplot.h>

int main() {
double x_center = 2.5, y_center = 1.0, r = 3;
class CPlot plot;
plot.circle (x_center, y_center, r);
plot.sizeRatio(-1);
plot.axisRange (PLOT_AXIS_Y, -2.5, 4.5);
plot.plotting();
}
Output
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Example 2

/x File: circle_2.ch %/
#include <chplot.h>
#include <math.h>

int main () {
double x_center = M_PI/3, y_cen
class CPlot plot;

plot.polarPlot (PLOT_ANGLE_RAD) ;
plot.label (PLOT_AXIS_X, "x");
plot.label (PLOT_AXIS_Y, "y");
plot.circle (x_center, y_center,

ter = 2.0, r = 1.5;

/* Polar coordinate system =/

r);

plot.plotType (PLOT_PLOTTYPE_LINES, 0);

plot.lineType (0, 3, 4);
plot.sizeRatio(-1);
plot.axisRange (PLOT_AXIS_X, -1,
plot.axisRange (PLOT_AXIS_Y, O,

3);
4);

plot.border (PLOT_BORDER_ALL, PLOT_ON) ;

plot.ticsLocation (PLOT_AXIS_XY,

"border");

plot.ticsMirror (PLOT_AXIS_XY, PLOT_ON);

plot.plotting();
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Output

35 |

25

15

05

See Also
CPlot::data2D(), CPlot::data2DCurve(), CPlot::line(), CPlot::outputType(), CPlot::plotType(),
CPlot::point(), CPlot::polygon(), CPlot::rectangle().

CPlot::colorBox

Synopsis
#include <chplot.h>
void colorBox(int flag);

Purpose
Enable or disable the drawing of a color box for a 3D surface plot.

Return Value
None.

Parameter
flag This parameter can be set to:
PLOT_ON Enable the color box.
PLOT_OFF Disable the color box.
Description
Enable or disable the drawing of a color box, which contains the color scheme, i.e. the gradient of the

smooth color with the maximum and minimum values of the color palette. This is applicable only for 3D
surface plots. By default, the color box is drawn.
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Example 1

Compare with the output for the example in CPlot::data3D().

/* File: colorBox.ch x/
#include <chplot.h>
#include <math.h>
#include <numeric.h>

int main() {

double x[30], y[30], z[900];

double r;
int 1, J;
class CPlot plot;

lindata (=10, 10, x);

lindata (=10, 10, vy);

for (i=0; 1i<30; i++) {
for (j=0; 7J<30; j++)

r = sqrt(x[i]*x[i]+y[J]l*y[J]);
z[30x1i+j] = sin(r)/r;

}
}
plot.data3D(x, y, z);
plot.colorBox (PLOT_OFF) ;
plot.plotting();
}

Output
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See Also
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CPlot::contourLabel

CPlot::.data3D(), CPlot::data3DCurve(), CPlot::data3DSurface(), CPlot::contourMode(),

CPlot::plotType().

CPlot::contourLabel

Synopsis
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#include <chplot.h>
void contourLabel(int flag);

Purpose
Set display of contour line elevation labels for 3D plots on or off.

Return Value
None.

Parameter

flag Enable or disable drawing of contour line labels.

PLOT_ON Enable contour labels.
PLOT_OFF Disable contour labels.

Description
Enable or disable contour line labels for 3D surface plots. labels appear with the plot legend. By default,
labels for contours are not displayed.

Example 1
Compare with the output for examples in CPlot::data3D(), CPlot::data3DSurface(). CPlot::contourLevels(),
and CPlot::showMesh().

/+ File: contourLabel.ch =/
#include <math.h>
#include <chplot.h>

int main() |
double x[20], y[30], z[600];
int datasetnum =0, 1, 7Jj;
class CPlot plot;

lindata (-3, 3, x);
lindata (-4, 4, vy);
for (i=0; 1i<20; 1i++) {
for (j=0; 3<30; J++) {
z[30*%i+3] = 3% (1-x[1])* (1-x[i])*exp(—(x[1]+x[1])—-(y[J]1+1)«(
= 10%(x[1]/5 = x[i]*x[1i]*x[i]-pow(y[J],5))*xexp(-x[1]*x[1]~y

y[jI+1))
’ [
- 1/3%exp (- (x[1]1+1) * (x[1]1+1) -y [J1+y[3]);

J1*y[3]1)

plot.data3D(x, vy, z);

plot.plotType (PLOT_PLOTTYPE_LINES, datasetnum);
plot.contourlLabel (PLOT_ON) ;

plot.contourMode (PLOT_CONTOUR_BASE) ;
plot.plotting();

Output
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bohNdonvso®

Example 2

/* File: contourlLabel_ 2.ch =%/
#include <math.h>
#include <chplot.h>

int main() {
double x[30], y[30], z[900];
double r;
int datasetnum =0, i, Jj;
class CPlot plot;

lindata (=10, 10, x);
lindata (=10, 10, vy);
for (i=0; i<30; 1i++) {

for (j=0; 3<30; J++) {

r = sqro(x[i]*x[1]+y[31*y[J]1);

z[30%i+j] = sin(r)/r;

plot.data3D(x, vy, z);

plot.plotType (PLOT_PLOTTYPE_LINES,

plot.contourLabel (PLOT_ON) ;

plot.contourMode (PLOT_CONTOUR_BASE) ;

plot.colorBox (PLOT_OFF) ;
plot.plotting();

Output

datasetnum) ;
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See Also
CPlot::data3D(), CPlot::contourLevels(), CPlot::contourMode(), CPlot::legend(), CPlot::showMesh().

CPlot::contourLevels

Synopsis
#finclude <chplot.h>
void contourLevels(double levels[:], ... /* [int n] */);

Syntax
contourLevels(/evel)
contourLevels(level, n)

Purpose
Set contour levels for 3D plot to be displayed at specific locations.

Return Value
None.

Parameter
levels An array of z-axis levels for contours to be drawn.

n The number of elements of array levels.

Description
This function allows contour levels for 3D grid data to be displayed at any desired z-axis position. The
contour levels are stored in an array where the lowest contour is in the first array element.
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Example 1
Compare with the output from the example in CPlot::contourLabel().

/+ File: contourLevels.ch */
#include <math.h>
#include <chplot.h>

int main() {
double x[20], y[30], z[600];
double levels[10];
int datasetnum =0, i, 7Jj;
class CPlot plot;

lindata (-6, 6, levels);

lindata (-3, 3, x);

lindata (-4, 4, vy);

for (i=0; i<20; 1i++) {

for (j=0; 3<30; Jj++) |

z[30*%i+3] = 3% (1-x[1])» (1-x[i])*exp (- (x[i]*x[1i])-(y[J]1+1)+x(y[31+1))
- 10%(x[1]/5 - x[il*x[i]*x[1]-pow(y[]],5))*exp (-x[1]*x[i]-y[31*y[3])
- 1/3xexp (—(x[11+1) *» (x[11+1) -y [J1*y[31);

plot.data3D(x, y, z);

plot.plotType (PLOT_PLOTTYPE_LINES, datasetnum);
plot.contourLabel (PLOT_ON) ;

plot.contourMode (PLOT_CONTOUR_BASE) ;
plot.contourlLevels (levels);

plot.colorBox (PLOT_OFF) ;

plot.plotting();

Output

bohbNvonvso o

Example 2

/+* File: contourlLevels_2.ch */
#include <math.h>
#include <chplot.h>

44



20:2D000 30000 <chplot.h>

int main() {
double x[30], y[30], z[900];
double levels|[6];
double r;
int datasetnum =0, i, Jj;
class CPlot plot;

lindata (=10, 10, x);
lindata (=10, 10, v);
lindata(-0.2, 0.8, levels);
for (i=0; 1i<30; i++) {

for (j=0; 3<30; J++) {

r = sqrt (x[i]l*x[il+y[31*y[3]1);

z[30x1i+j] = sin(r)/r;

plot.data3D(x, y, z);

plot.plotType (PLOT_PLOTTYPE_LINES,

plot.contourLabel (PLOT_ON) ;

plot.contourMode (PLOT_CONTOUR_BASE) ;

plot.contourlLevels (levels);
plot.colorBox (PLOT_OFF) ;
plot.plotting();

Output

See Also

datasetnum) ;

CPlot::contourMode

CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSurface(), CPlot::contourLabel(),

CPlot::contourMode(), CPlot::showMesh().

CPlot::contourMode

Synopsis
#include <chplot.h>
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void contourMode(int mode);

Purpose

Selects options for the drawing of contour lines in 3D plots.

Return Value
None.

Parameter

mode The following contour modes are available and can be combined using the logical or (| ) operator:

PLOT_CONTOUR_BASE Contour lines drawn on the xy plane.
PLOT_CONTOUR _SURFACE Contour lines drawn on the surface of the plot.

Description

This option is available for display of 3D grid data. For the plot type of PLOT_PLOTTYPE_LINES, the
positions of the contour levels are determined internally unless explicitly set using CPlot::contourLevels().
The PLOT_CONTOUR_SURFACE option does not work with hidden line removal. The hidden lines are
removed by default. It can be disabled by member function CPlot::removeHiddenLine().

For the plot type of PLOT_PLOTTYPE_SURFACES, the contour mode of PLOT_CONTOUR_SURFACE
will add a projected map on the xy plane. the contour mode of PLOT_CONTOUR_SURFACE will have a
projected map on the xy plane only.

Example

/* File: contourMode.ch =*/
#include <chplot.h>
#include <math.h>

int main() {
double x[16], y[l6], z[256];
double r;
int i, J;
class CPlot subplot, =*spl;

lindata (=10, 10, x);
lindata (=10, 10, vy);
for (i=0; i<16; 1i++) {
for (3=0; 3j<16; Jj++) {
r = sqrt (x[1]*x[i]l+y[31+y[]]);
z[16xi+j] = sin(r)/r;
}
}
subplot.subplot (2,3);
spl = subplot.getSubplot (0,0);
spl->data3D(x, vy, z);
spl->plotType (PLOT_PLOTTYPE_LINES, O0);
spl—->contourMode (PLOT_CONTOUR_BASE) ;
spl->removeHiddenLine (PLOT_OFF) ;
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spl->label (PLOT_AXIS_XYZ, NULL);
spl—->colorBox (PLOT_OFF) ;
spl->title ("PLOT_CONTOUR_BASE") ;

spl = subplot.getSubplot (0,1);
spl->data3D(x, vy, z);

spl->plotType (PLOT_PLOTTYPE_LINES, 0);
spl—>contourMode (PLOT_CONTOUR_SURFACE) ;
spl->removeHiddenLine (PLOT_OFF) ;
spl->label (PLOT_AXIS_XYZ, NULL);
spl—->colorBox (PLOT_OFF) ;

spl->title ("PLOT_CONTOUR_SURFACE") ;

spl = subplot.getSubplot (0,2);

spl->data3D(x, vy, z);

spl->plotType (PLOT_PLOTTYPE_LINES, 0);

spl—>contourMode (PLOT_CONTOUR_BASE |PLOT_CONTOUR_SURFACE) ;
spl->removeHiddenLine (PLOT_OFF) ;

spl->label (PLOT_AXIS_XYZ, NULL);

spl—->colorBox (PLOT_OFF) ;

spl->title ("PLOT_CONTOUR_BASE |PLOT_CONTOUR_SURFACE") ;

spl = subplot.getSubplot (1,0);
spl->data3D(x, vy, z);

spl—->contourMode (PLOT_CONTOUR_SURFACE) ;
spl->label (PLOT_AXIS_XYZ, NULL);
spl->colorBox (PLOT_OFF) ;

spl->title ("PLOT_CONTOUR_SURFACE") ;

spl = subplot.getSubplot(1l,1);
spl->data3D(x, vy, z);
spl->contourMode (PLOT_CONTOUR_BASE) ;
spl->label (PLOT_AXIS_XYZ, NULL);
spl—->colorBox (PLOT_OFF) ;

spl->title ("PLOT_CONTOUR_BASE") ;
subplot.plotting() ;

Output

47



20:2D000 30000 <chplot.h> CPlot::coordSystem
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See Also
CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSurface(), CPlot::contourLevels(),
CPlot::removeHiddenLine(), CPlot::showMesh().

CPlot::coordSystem

Synopsis
#include <chplot.h>
void coordSystem(int coord_system, ... /* [int angle_unit] */ );

Syntax
coordSystem(coord_system)

coordSystem(coord_system, angle_unit)

Purpose
Select coordinate system for 3D plots.

Return Value
None.
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Parameters

coord_system The coordinate system can be set to any of the following:

PLOT_COORD_CARTESIAN Cartesian coordinate system. Each data point consists of three val-

ues (X,Y,Z).

PLOT_COORD_SPHERICAL Spherical coordinate system. Each data point consists of three val-
ues (0,¢,1).

PLOT_COORD_CYLINDRICAL Cylindrical coordinates. Each data point consists of three val-
ues (0,z,r).

angle_unit an optional parameter to specify the unit for measurement of an angular position in
PLOT_COORD_SPHERICAL and PLOT_COORD_CYLINDRICAL coordinate systems. The
following options are available:
PLOT_ANGLE DEG Angles measured in degree.
PLOT_ANGLE_RAD Angles measured in radian.

Description

This function selects the coordinate system for 3D plots. For a spherical coordinate system, points are
mapped to Cartesian space by:

x = rcos(f)cos(p)
y = rsin(f)cos(¢)

z = rsin(¢)

For a cylindrical coordinate system, points are mapped to Cartesian space by:

x = rcos(f)
y = rsin(0)
z = z

The default coordinate system is PLOT_COORD_CARTESIAN. For PLOT_COORD_SPHERICAL and
PLOT_COORD_CYLINDRICAL, the default unit for angle_unit is PLOT_ANGLE_RAD.

Example 1

See CPlot::data3D().

Example 2

/+ File: coordSystem2.ch =/
#include <chplot.h>

#include <math.h>

int main() |
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array double theta[37], phi[19], r[703];

class CPlot plot;

lindata (0, 2+«M_PI, theta);
lindata(-M_PI/2, M_PI/2, phi);
r = (array double [703])1;
plot.data3D (theta, phi, r);
plot.coordSystem (PLOT_COORD_SPHERICAL) ;
2.5);

plot.axisRange (PLOT_AXIS_XY, -2.5,
plot.plotting();

Output

N
, 0066 oooo
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Example 3

/* File: coordSystem3.ch x/
#include <chplot.h>
#include <math.h>

int main() |
array double thetal[37], phil[37],
array double theta2[37], phi2[37],
array double theta3[20], phi3[20],
class CPlot plot;
lindata (0, 2«M_PI, thetal);
phil = (array double [37])0;
rl = (array double [37])1;
theta2 = (array double [37])M_PI/2;
lindata(phi2, 0, 2+«M_PI, phi2);
r2 = (array double [37])1;
theta3 = (array double [20])0;
lindata (-M_PI/2, M_PI/2, phi3);
r3 = (array double [20])4;

plot.data3D (thetal, phil, rl);
plot.data3D (theta2, phi2, r2);
plot.data3D (theta3, phi3, r3);
plot.point (0, 0, 0);

r1[37];
r2[37]1;
r3[20];
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plot.coordSystem (PLOT_COORD_SPHERICAL) ;
plot.axisRange (PLOT_AXIS_XY, -2, 7);
plot.ticsLevel (0);
plot.removeHiddenLine (PLOT_OFF) ;
plot.plotting();

Output

E A SR - O RS

Example 4

/* File: coordSystemé4.ch x/
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;

array double rl[numpoints], thetal[numpoints], zl[numpoints];
array double r2[numpoints], theta2[numpoints], z2[numpoints];

class CPlot plot;

lindata (0, 360, thetal);
zl=(array double [numpoints]) 3+
sin((thetal-(array double [numpoints])90)x*M _PI/180);
rl=(array double [numpoints])l;
lindata (0, 360, theta2);
z2=(array double [numpoints])O0;
r2=(array double [numpoints])l;
plot.data3D (thetal, zl, rl);
plot.data3D (theta2, z2, r2);
plot.coordSystem (PLOT_COORD_CYLINDRICAL, PLOT_ANGLE_DEG) ;
plot.line(0, 0, 1, 0, 2, 1);
plot.line (90, 0O, 1, 90, 3, 1);
plot.line (180, 0O, 1, 180, 4, 1);
plot.line (270, 0, 1, 270, 3, 1);
plot.plotType (PLOT_PLOTTYPE_LINES, 0);
plot.lineType (0, 1, 1);
plot.plotType (PLOT_PLOTTYPE_LINES, 1);
plot.lineType(1l, 1, 1);
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plot.plotType (PLOT_PLOTTYPE_LINES, 2);
plot.lineType (2, 1, 1);

plot.plotType (PLOT_PLOTTYPE_LINES, 3);
plot.lineType (3, 1, 1);

plot.plotType (PLOT_PLOTTYPE_LINES, 4);
plot.lineType (4, 1, 1);

plot.plotType (PLOT_PLOTTYPE_LINES, 5);
plot.lineType (5, 1, 1);
plot.plotting () ;

Output

Example 5

/* File: coordSystem5.ch */
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;
array double theta[36], z[20], r[720];
int i, J;
class CPlot plot;

lindata (0, 360, theta);
lindata (0, 2«M_PI, z);
for (i=0; i<36; 1i++) {
for (§j=0; 3j<20; J++) {
r[i*x20+3j] = 2+cos(z[3]);

plot.data3D (theta, z, r);

plot.coordSystem (PLOT_COORD_CYLINDRICAL, PLOT_ANGLE_DEG) ;
plot.axisRange (PLOT_AXIS_XY, -4, 4);

plot.plotting();

Output
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See Also
CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSurface().

CPlot::data

Synopsis
#include <chplot.h>
int data(void *x, int row, int col);

Purpose
Add 2D, 3D, or multi-dimensional data set to an instance of the CPlot class.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

x A two-dimensional array of double type used for the plot.
row The number of rows for the array x.

col The number of columns for the array x.

Description

The data for a plot can be placed in either a file or in the memory. The opaque pointer x is the address for a
two-dimensional array of double type. The size of the array is specified by its number of rows and columns.
The data with multiple columns for a plot type such as candlesticks, finance bars, boxes, etc. can be added
by this member function.

Example 1
In this example, a data set for 2D plot is added.
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/* File: data.ch =*/
#include <math.h>
#include <chplot.h>

#define ROW 36

#define COL 2

int main() {
int i;
double a[ROW] [COL];
class CPlot plot;

for (i=0; i< ROW; i++) {
ali] [0] = ix10;
ali][1l] = sin(a[i][0]*M_PI/180);

}

plot.data(a, ROW, COL);
plot.plotting();

return 0;

Output

05

05 |
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Example 2 In this example, a data set for 3D plot is added.

/* File: data_1l.ch =/
#include <math.h>
#include <chplot.h>

#define ROW 36

#define COL 3

int main() {
int 1i;
double a[ROW] [COL];
class CPlot plot;

i< ROW; i++) {

r(i=0;

afil[0] = 1i%10;

alil[1l] = sin(a[i][0]*M_PI/180);
al[i][2] = cos(al[i][0]*M_PI/180);
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}

plot.data(a, ROW, COL);
plot.dimension (3);
plot.plotting () ;

return 0;

Output

Example 3 In this example, a data set for candlesticks is added by plot.data (a, ROW, COL) and
plot.data (b, ROW, COL).

/* File: data_2.ch %/

/* File: data_2.cpp to process data in candlesticks.dat =/
/ * compare with plotType_cs.ch */

#include <chplot.h>

#define ROW 10
#define COL 5
int main() {
class CPlot plot;
double a[ROW] [COL], b[ROW] [COL];

char filename[]="candlesticks.dat";
FILE *xstream;

int 1i;

stream = fopen(filename, "r");

if (stream == NULL) {

fprintf (stderr, "Error: cannot open file ’"%s’ for reading\n", filename);
return -1;
}
/* "using 1:3:2:6:5" %/
for(i = 0; 1i<ROW; 1i++) {
fscanf (stream, "$1f%1f$1f%+x1£f%1£%1f",
&a[i][0], &alil[2], &alil[l], &alil[4], &alill3]);
printf ("$1f $1f %1f %1f %1f\n",
alil[01, aflillll, aflill2], alill31, &alill4]);
}

rewind (stream) ;
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/* using 1:4:4:4:4" «/
for(i = 0; 1i<ROW; 1i++) {
fscanf (stream, "$1f$*«1f$+x1£%1£%$+x1£%+x1£f", &b[1i][0], &b[i][1]);
b[i][2] b[i][1];
b[i][3] b[i][1];
b[i][4] = b[i][1];
printf ("$1f $1f\n", b[i][0], b[i][1]);

}

fclose (stream);

plot.label (PLOT_AXIS_X, "");

plot.label (PLOT_AXIS_Y, "");

plot.border (PLOT_BORDER_ALL, PLOT_ON);

plot.ticsMirror (PLOT_AXIS_XY, PLOT_ON);

plot.title ("box-and-whisker plot adding median value as bar");
plot.axisRange (PLOT_AXIS_X, 0, 11);

plot.axisRange (PLOT_AXIS_Y, 0, 10);

//plot.dataFile ("candlesticks.dat", "using 1:3:2:6:5");
//plot.legend ("’ candlesticks.dat’ using 1:3:2:6:5", 0);
plot.data(a, ROW, COL);

plot.legend("array a", 0);

plot.plotType (PLOT_PLOTTYPE_CANDLESTICKS, 0, "linetype 1 linewidth 2 whiskerbars");
plot.fillStyle (0, PLOT_FILLSTYLE_EMPTY);

//plot.dataFile ("candlesticks.dat", "using 1:4:4:4:4");
//plot.legend ("’ candlesticks.dat’ using 1:4:4:4:4", 1);
plot.data (b, ROW, COL);

plot.legend("array b", 1);

plot.plotType (PLOT_PLOTTYPE_CANDLESTICKS, 1, "linetype -1 linewidth 2");
plot.boxWidth (0.2);

plot.plotting () ;

return 0;

Output
The output is the same as that from program plotType_cs.ch on page for CPlot::plotType().

See Also
CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(), CPlot::data3DCurve(), CPlot:.dataFile(),
CPlot::plotType().

CPlot::data2D

Synopsis
#include <chplot.h>
int data2D(array double x[&], array double &y);

Purpose
Add one or more 2D data sets to an instance of CPlot class.

Return Value
This function returns 0 on success and -1 on failure.
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Parameters

x aone-dimensional array of reference type used for the x axis of the plot.

y an array of reference type. If the size of array x is n, array y is a one-dimensional array of size n or a
two-dimensional array of size m X n containing m curves, each of which is plotted against x.

Description

This function adds the specified x-y data to a previously declared instance of the CPlot class. The parameter
x is a one-dimensional array of size n. The parameter y is a one-dimensional array of size n or a two-
dimensional array of size m x n. In the case that y is m x n, each of the m rows of y is plotted against x. Each
of the rows of y is a separate data set. The x and y arrays can be of any supported data type. Conversion of
the data to double type is performed internally. Data points with a y value of NaN are internally removed
before plotting occurs. “Holes” in a data set can be constructed by manually setting elements of y to this
value. The plot of the data is generated using the CPlot::plotting member function.

Example 1

Compare with the output for the examples in CPlot::arrow(), CPlot::autoScale(), CPlot::borderOffsets(),
CPlot::displayTime(), CPlot::label(), CPlot::ticsLabel(), CPlot::margins(), CPlot::ticsDirection(),
CPlot::ticsFormat(), CPlot::ticsLocation(), and CPlot::title().

/+ File: data2D.ch =/
#include <math.h>
#include <chplot.h>
#include <numeric.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];
class CPlot plot;

lindata (0, 360, x);
y = sin(x*M_PI/180);
plot.data2D (x, Vy);
plot.plotting();

}

Output
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Example 2

/* File:
#include
#include
#include

data2D_2.ch =/
<math.h>
<chplot.h>
<numeric.h>

#define CURVE1l 0
#define CURVE2 1

int main() {
int numpoints = 36;
array double x[numpoints],
int i;
class CPlot plot;

lindata (0, 360, x);
for (i=0; i<numpoints; i++)

100 150 200

y[2] [numpoints];

{

y[0][1] = sin(x[1]*M_PI/180);
y[1]1[i] = cos(x[1]*M_PI/180);

plot.data2D (x, Vy);

plot.plotType (PLOT_PLOTTYPE_LINES, CURVEL);

plot.lineType (CURVEl, 1, 20);

plot.plotType (PLOT_PLOTTYPE_LINES, CURVE2);

plot.lineType (CURVE2, 1, 5);

plot.plotting();

Output

CPlot::data2D

/+ set first data set to use the default line
type and a width of twenty
default width =/

/+ set second data set to use the default line

type and a width of five times the default =/
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Example 3

/* File: data2D_3.ch %/

/* Two curves have a phase shift =*/
#include <math.h>

#include <chplot.h>

#include <numeric.h>

int main () {
int numpoints = 36;
array double x1[numpoints], yl[numpoints];
array double x2[numpoints];
class CPlot plot;

lindata (0, 360, x1);
yl = sin(x1+«M_PI/180);
lindata (90, 450, x2);
plot.data2D (x1, vyl1);
plot.data2D (x2, vyl);
plot.plotting();

Output
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Example 4

/* File:
#include
#include
#include

data2D_4.ch =/
<chplot.h>
<math.h>
<numeric.h>

int main() {

array double x1[75],
array double x2[300],

y1[75];
y2[3007];

class CPlot plot;

lindata (-2+«M_PI,
lindata (-2+«M_PI,

vl =
y2

plot.
plot.
.plotType (PLOT_PLOTTYPE_POINTS,
.pointType (0, 6, 1);

.plotType (PLOT_PLOTTYPE_LINES,
plot.
.plotting();

plot
plot
plot

plot

Output

2+«M_PI,
2+«M_PI,
x1.*x1+5%sin (10*x1);

x1);
xX2);

= x2.*xX2+5xsin (10xx2) ;

data2D (x1,
data2D (x2,

v1l);
v2);

lineType (1, 2, 1);

200 250 300 350 400

0);

1);
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See Also
CPlot::data2DCurve(), CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSurface(),
CPlot::dataFile(), CPlot::plotting(), plotxy().

CPlot::data2DCurve

Synopsis
#include <chplot.h>
int data2DCurve(double x[], double y[], int n);

Purpose

Add a set of data for 2D curve to an instance of CPlot class.
Return Value

This function returns 0 on success and -1 on failure.

Parameters

x aone-dimensional array of double type used for the x axis of the plot.
y aone-dimensional array of double type for the y axis.
n number of elements of arrays x and y.

Description

This function adds the specified x-y data to a previously declared instance of the CPlot class. The parameter
x is a one-dimensional array of size n. The parameter y is a one-dimensional array of size n. Data points
with a y value of NaN are internally removed before plotting occurs. “Holes” in a data set can be constructed
by manually setting elements of y to this value. The plot of the data is generated using the CPlot::plotting
member function.
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Example 1

Compare with the output for examples in CPlot::arrow(), CPlot::autoScale(), CPlot::borderOffsets(),
CPlot::data2D(), CPlot::displayTime(), CPlot::label(), CPlot::ticsLabel(), CPlot::margins(),
CPlot::ticsDirection(), CPlot::ticsFormat(), CPlot::ticsLocation(), and CPlot::title().

/* File: data2DCurve.ch =*/

#include <math.h>

#include <chplot.h>

#ifndef M_PI

#define M_PI 3.14159265358979323846
fendif

#define NUM 36

int main() {
int 1i;
double x[NUM], yI[NUM];
class CPlot plot;

for (i=0; i< NUM; 1i++) {
x[1] = i%10;
y[i] = sin(x[1]*M_PI/180);

}

plot.data2DCurve (x, y, NUM);
plot.plotting();

return 0;

}

Output
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See Also

CPlot::data2D(), CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSurface(), CPlot::dataFile(),
CPlot::plotting(), plotxy().

CPlot::data3D

Synopsis

62



20:20000 300000 <chplot.h> CPlot::data3D

#include <chplot.h>
int data3D(array double x[&], array double y[&], array double &z);

Purpose
Add one or more 3D data sets to an instance of CPlot class.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

x aone-dimensional array of size n, used for the x axis of the plot.
y aone-dimensional array of size n, used for the y axis of the plot.
z aone-dimensional array of size n,, or a two dimensional array of size m x n_, containing m 3D data sets.

Description

This function adds one or more 3D data sets to an existing plot variable. For Cartesian data, x is a one-
dimensional array of size n, and y is a one-dimensional array of size n,. z can be of two different sizes
depending on what type of data is to be plotted. If the data are for a 3D curve, z is a one-dimensional
array of size n, or a two-dimensional array of size m x n, with n, = n, = n,. If the data are for a 3D
surface or grid, z is m x n, with n, = n; - n,. For cylindrical or spherical data x is a one dimensional
array of size n, (representing 6), y is a one dimensional array of size n,, (representing z or ¢), and z is of
the size m x n.(representing r) where n, = n, = n.. Each of the m rows of z are plotted against x and
y, and correspond to a separate data set. In all cases these data arrays can be of any supported data type.
Conversion of the data to double type is performed internally. For grid data, hidden line removal is enabled
automatically (see CPlot::removeHiddenLine()). If it is desired to plot both grid data and non-grid data on
the same plot, hidden line removal should be disabled manually after all data are added. Data points with a
z value of NaN are internally removed before plotting occurs. “Holes” in a data set can be constructed by
manually setting elements of z to this value.

It is important to note that for a 3D grid, the ordering of the z data is important. For calculation of the
z values, the x value is held constant while y is cycled through its range of values. The x value is then
incremented and y is cycled again. This is repeated until all the data are calculated. So, for a 10x20 grid the
data shall be ordered as follows:
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xI  yl zl

x1 y2 z2

xI y3 z3

x1  yl8 zI18

x1  yl9 z19

x1  y20 220

x2 yl z21

x2  y2 722

x2 y3 223

x10 yl18 zI198

x10 yl19 z199

x10  y20 2200
Example 1
/* File: data3D.ch =/
#include <math.h>
#include <chplot.h>
#include <numeric.h>
int main() {

}

array double x[360], yI[360],
class CPlot plot;

lindata (0, 360, x);

y = sin(x*M_PI/180);
z = cos(x*M_PI/180);
plot.data3D(x, vy, 2z);
plot.plotting () ;

Output

z[3607;
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Example 2

/* File: data3D_2.ch %/
#include <math.h>
#include <chplot.h>
#include <numeric.h>

int

main () {
array double x[360], yI[360], z[2][360];
int i;

class CPlot plot;

lindata (0, 360, x);

y = sin(x*M_PI/180);

for (1i=0; i<360; i++) {
z[0][1] = cos(x[1]*M_PI/180);
z[1][1] = yI[i];

plot.data3D(x, vy, 2z);

plot.plotType (PLOT_PLOTTYPE_LINES, 1);

plot.lineType(l, 0, 3); /% set the second data set to
use the default line type
and a line width three
times the default x/

plot.plotting();

Output
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Example 3
Compare with output for examples in CPlot::arrow(), CPlot::contourLabel(), CPlot::grid(),
CPlot::removeHiddenLine(), CPlot:size3D(), CPlot::changeViewAngle(), and CPlot::ticsLevel().

/x File: data3D_3.ch x/
#include <math.h>
#include <chplot.h>
#include <numeric.h>

int main() {
double x[20], y[30], z[600];
int i, 3;
class CPlot plot;

lindata (-3, 3, x);
lindata (-4, 4, vy);
for (i=0; 1<20; 1i++) {
for (3=0; 3j<30; Jj++) {
z[30*xi+3] = 3% (1-x[1])* (1-x[1])*exp (- (x[
- 10%(x[1]1/5 - x[1]*x[1]*x[1]-pow(y[]],5

1)*x[1])=(y[J]+1)*
+5)
- 1/3%exp (- (x[1]1+1) * (x[1]1+1) -y [J1*y[3]);

(y[31+1))
) xexp (=x[i]*x[1]-yI

1=y [3D)

}
}
plot.data3D(x, vy, z);
plot.plotting();
}

Output
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Example 4

Compare with output for example CPlot::axisRange() and CPlot::colorBox().

/+ File: data3D_4.ch =/
#include <chplot.h>
#include <math.h>
#include <numeric.h>

int main() {
double x[30], y[30], z[900];
double r;
int i, 3;
class CPlot plot;

lindata(-10, 10, x);
lindata (=10, 10, vy);
for (1i=0; i<30; i++) |

for (3=0; 7j<30; Jj++) {

r = sqrt(x[i]*x[i]+y[J1»y[]]);

z[30%i+3] = sin(r)/r;
}
}
plot.data3D(x, y, z);
plot.plotting();
}

Output

67

bdAdbonsowm

CPlot::data3D



20:2D000 30000 <chplot.h> CPlot::data3D

Example 5

/* File: data3D_5.ch =/
#include <chplot.h>
#include <math.h>
#include <numeric.h>

int main() {
array double x1[50], x2[50], yI[4], z[200];
int i, j,angle;
class CPlot plot;

lindata (0, 2+M_PI, x1);
lindata(M_PI/2, 2+*M_PI+M_PI/2, x2);
lindata (0, 2+«M_PI, vy);
for (i=0;i<50;1i++) {
for (3=0;3<4;3++) A
z[J+4xi]=cos (x1[1i]); // Z-axis data.

}
plot.data3D(x1, vy, z);

plot.data3D(x2, vy, z);
plot.plotting();

Output
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Example 6
Compare with the output for the example CPlot::changeViewAngle().

/* File: data3D_6.ch «/
#include <chplot.h>
#include <math.h>
#include <numeric.h>

#define NUMX 20

#define NUMY 20

#define NUMCURVE 2

int main () {
array double x[NUMX], y[NUMY], z[NUMCURVE] [NUMX*NUMY];
int i, J;
class CPlot plot;

lindata (-2, 2, x);
lindata (-2, 2, vy);
for (i=0; i<NUMX; i++) {
for (3=0; J<NUMY; J++) {
z[0] [1*NUMX+J] = x[i]*exp(-x[1]*x[1]-y[]JI*»y[J]1);
z[1] [1*NUMX+3] = z[0] [1+«NUMX+3] +2;

}
plot.data3D(x, y, z);
plot.plotting();

Output
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See Also
CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3DCurve(), CPlot::data3DSurface(),
CPlot:.dataFile(), CPlot::plotting(), plotxyz().

CPlot::data3DCurve

Synopsis
#include <chplot.h>
int data3DCurve(double x[], double y[], double z[], int n);

Purpose
Add a set of data for 3D curve to an instance of CPlot class.

Return Value
This function returns O on success and -1 on failure.

Parameters

x aone-dimensional array of size n used for the x axis of the plot.
y aone-dimensional array of size n used for the y axis of the plot.
z a one-dimensional array of size n used for the z axis of the plot.
n the number of elements for arrays x, y, and z.

Description

Add a set of data for 3D curve to an instance of CPlot class. Arrays x, y, and z have the same number
of elements of size n. In a Cartesian coordinate system, these arrays represent data in X-Y-Z coordinates.
In a cylindrical coordinate system, x represents 6, y for z, and z for r. In a spherical coordinate system, x
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represents 6, y for ¢, and z for r. Data points with a z value of NaN are internally removed before plotting
occurs. “Holes” in a data set can be constructed by manually setting elements of z to this value.

Example 1
Compare with output for examples in CPlot::data3D().

/+ File: data3DCurve.ch =*/

#include <math.h>

#include <chplot.h>

#ifndef M_PI

#define M_PI 3.14159265358979323846
#endif

#define NUM 36

int main() {
int i;
double x[NUM], yI[NUM], z[NUM];
class CPlot plot;

for (i=0; i< NUM; i++) {
x[1] = 1i%10;
y[i] = sin(x[i]*M_PI/180);
z[1] = cos(x[1]*M_PI/180);

plot.data3DCurve(x, vy, z, NUM);
plot.plotting () ;
return 0;

Output

, 0006 oooo
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Example 2
Compare with output for examples in CPlot::data3D().

/* File: data3DCurve_2.ch =/

#include <math.h>

#include <chplot.h>

#ifndef M_PI

#define M_PI 3.14159265358979323846
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#endif

#define NUM 360

int main() {
double x[NUM], y[NUM], zl[NUM], =z2[NUM];
int 1i;
class CPlot plot;

for (i=0; 1i<360; 1i++) {

x[1] = 1i;

y[i] = sin(x[i]*M_PI/180);
z1[1] = cos(x[1]*M_PI/180);
z2[1] = yl[i];

plot.data3DCurve(x, vy, zl, NUM);

plot.data3DCurve(x, y, z2, NUM);

plot.plotType (PLOT_PLOTTYPE_LINES, 1);

plot.lineType (1, 0, 3); /% set the second data set to
use the default line type
and a line width three
times the default =/

plot.plotting();
return 0;

}

Output

, 0006 oooo
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See Also
CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(), CPlot::data3DSurface(), CPlot::dataFile(),
CPlot::plotting(), plotxyz().

CPlot::data3DSurface

Synopsis
#include <chplot.h>
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int data3DSurface(double x[], double y[], double z[], int n, int m);

Purpose
Add a set of data for 3D surface to an instance of CPlot class.

Return Value
This function returns O on success and -1 on failure.

Parameters

x aone-dimensional array of size n used for the x axis of the plot.
y aone-dimensional array of size m used for the y axis of the plot.
z a one-dimensional array of size nXm

n the number of elements for array x.

m the number of elements for array y.

Description

Add a set of data for 3D surface plot to an instance of CPlot class. If one-dimensional array x has the
number of elements of size n, and y has size m, z shall be a one-dimensional array of size n, = n - m. In
a Cartesian coordinate system, arrays x, y, and z represent values in X-Y-Z coordinates, respectively. In a
cylindrical coordinate system, arrays x, y, and z represent ), z, and r coordinates, respectively. In a spherical
coordinate system, arrays x, y, and z represent 6), ¢, and r coordinates, respectively. Hidden line removal is
enabled automatically (see CPlot::removeHiddenLine()). If it is desired to plot both grid data and non-grid
data on the same plot, hidden line removal should be disabled manually after all data are added. Data points
with a z value of NaN are internally removed before plotting occurs. “Holes” in a data set can be constructed
by manually setting elements of z to this value.

It is important to note that for a 3D grid, the ordering of the z data is important. For calculation of the
z values, the x value is held constant while y is cycled through its range of values. The x value is then
incremented and y is cycled again. This is repeated until all the data are calculated. So, for a 10x20 grid the
data shall be ordered as follows:
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xI  yl zl
x1 y2 z2
xI y3 z3
x1  yl8 zI18
x1  yl9 z19
x1  y20 220
x2 yl z21
x2  y2 722
x2 y3 223

x10 yl18 zI198
x10 yl19 z199
x10  y20 2200

Example 1

CPlot::data3DSurface

Compare with output for examples in CPlot:data3D(), CPlot::arrow(), CPlot::contourLabel(),
CPlot::grid(), CPlot::removeHiddenLine(), CPlot:size3D(), CPlot::changeViewAngle(), and

CPlot::ticsLevel().

/x File: data3DSurface_3.ch x/
#include <math.h>
#include <chplot.h>

#define N 20

#define M 30

int main() {
double x[N], y[M], z[NxM];
int i, 3j;
class CPlot plot;

for (i=0; 1i<N; i++) {

x[i] = -3 + 1ix6/19.0; // lindata (-3, 3, x)

}
for (i=0; i<M; i++) {

y[i] = -4 + ix8/29.0; // lindata(-4, 4, y)

}
for (i=0; 1i<N; i++) {
for (3=0; J<M; J++) |

z[Mxit+3] = 3x(1-x[1])*(1-x[1]) *exp (= (x[1]*x[1])—(y[J]+1) *(y[3]1+1))

- 10x(x[1]/5 - x[i)»x[i]*x[1i]-pow(y[]],5))rexp(-x[1]*x
- 1/3xexp (= (x[1]+1) » (x [1]1+1) -y [J]1xy [3]);

}
}
plot.data3DSurface(x, y, 2z, N, M);
plot.plotting();
return 0;
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Output

oA NvVoOoNEO®

See Also

CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(), CPlot::data3DCurve(),

CPlot:.dataFile(), CPlot::plotting(), plotxyz().

bSbhAdbonsoow

CPlot::dataFile

CPlot::dataFile

Synopsis
#include <chplot.h>
int dataFile(string_t file, ... /* [char option] */);

Syntax
dataFile(file)
dataFile(file, option)

Purpose
Add a data file to an existing instance of the CPlot class.

Return Value
This function returns O on success and -1 on failure.

Parameter
file name of the file to be plotted.

option The option for the data file.

Description

Add a data file to an existing plot variable. Each data file corresponds to a single data set. The data file
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should be formatted with each data point on a separate line. 2D data are specified by two values per point.
An empty line in a 2D data file causes a break of the curve in the plot. Multiple curves can be plotted in this
manner, however the plot style will be the same for all curves. 3D data are specified by three values per data
point.

For a 3D grid or surface data, each row is separated in the data file by a blank line. By default, hidden
lines are not removed for 3D plotting using a data file. Use function CPlot::removeHiddenLine() to remove
hidden lines.

The symbol # will comment out a subsequent text terminated at the end of a line in a data file. For

example, a 3 x 3 grid would be represented as follows:
# This is a comment line

xl yl 1zl
xl y2 z2
xl y3 z3
x2 yl z4
x2 y2 z5
x2 y3 z6
x3 yl z7
x3 y2 z8
x3 y3 29

Two empty lines in the data file will cause a break in the plot. Multiple curves or surfaces can be plot-
ted in this manner, however, the plot style will be the same for all curves or surfaces. Member function
CPlot::dimension(3) must be called before 3D data file can be added.

The option for the data file is as follows.

using {<entry> {:<entry> {:<entry> ...}}} {’/format’}

If a format is specified, each datafile record is read using the C library’s scanf() function, with the specified
format string. Otherwise the record is read and broken into columns at spaces or tabs.

The resulting array of data is then sorted into columns according to the entries. Each <entry> may be
a simple column number, which selects the datum, an expression enclosed in parentheses, or empty. The
expression can use $1 to access the first item read, $2 for the second item, and so on. A column number
of 0 generates a number increasing (from zero) with each point, and is reset upon encountering two blank
records. A column number of -1 gives the dataline number, which starts at 0, increments at single blank
records, and is reset at double blank records. A column number of -2 gives the index number, which is
incremented only when two blank records are found. An empty <ent ry> will default to its order in the list
of entries. For example, using ::4\verb isinterpreted as using 1:2:4\verb.

If the using\verb list has but a single entry, that <ent ry> will be used for y and the data point number
is used for x; for example, using 1\verbisidenticaltousing 0:1\verb. Ifthe using\verb list
has two entries, these will be used for x and y. Additional entries are usually plot stype of errors in x and/or
y. See CPlot::plotType() for details about plotting styles that make use of error information.
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The C Function scanf() accepts several numerical specifications CPlot requires all inputs to be double-
precision floating-point variables, so "$1£" is essentially the only permissible specifier. A format string
given by the user must contain at least one such input specifier, and no more than seven of them. scanf()
expects to see white space—a blank, tab ("\t "), newline ("\n"), or formfeed ("\f")—between num-
bers; anything else in the input stream must be explicitly skipped. Note that the use of "\t", "\n", or
"\ £" requires use of double-quotes rather than single-quotes.

Examples:

This creates a plot of the sum of the 2nd and 3rd data against the first: The format string specifies comma-
rather than space-separated columns.

using 1:($2+$3) ’%1f,%1f,%1f’

In this example the data are read from a using a more complicated format:

using "%*x1£%$1£%x20["\n]%1lf"

The meaning of this format is:

Fx1f ignore a number

$1f read a double-precision number (x by default)
$x20["\n] ignore 20 non-newline characters

$1f read a double-precision number (y by default)

One trick is to use the C ternary ' ? :  \verb operator to filter data:

using 1:($3>10 2 $2 : 1/0)

which plots the datum in column two against that in column one provided the datum in column three exceeds
ten. 1/0 is undefined; CPlot quietly ignores undefined points, so unsuitable points are suppressed.

If timeseries data are being used, the time can span multiple columns. The starting column should be
specified. Note that the spaces within the time must be included when calculating starting columns for other
data. E.g., if the first element on a line is a time with an embedded space, the y value should be specified as
column three.

It should be noted that for three cases a) without option, b) with option of using 1:2, c) with option
using (S$1):($2) can be subtly different: 1) if the datafile has some lines with one column and some
with two, the first will invent x values when they are missing, the second will quietly ignore the lines with
one column, and the third will store an undefined value for lines with one point (so that in a plot with lines,
no line joins points across the bad point); 2) if a line contains text at the first column, the first will abort the
plot on an error, but the second and third should quietly skip the garbage.

In fact, it is often possible to plot a file with lots of lines of garbage at the top simply by specifying
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using 1:2

However, if you want to leave text in your data files, it is safer to put the comment character '#’ in the first
column of the text lines.

Example

/+x File: dataFile.ch */
#include <stdio.h>
#include <chplot.h>
#include <math.h>

int main() {
string_t file;
int i;
class CPlot plot;
FILE =xout;

file = tmpnam (NULL) ; //Create temporary file.
out=fopen (file,"w"); //Write data to file.

for (i=0; i<=359;i++) fprintf (out,"%i %f \n",i,sin(i+*M_PI/180));
fclose (out) ;

plot.dataFile (file);

plot.plotting();

remove (file) ;

}

Output
1 T // w\
/// \\
// \\
05 | / \ 4
// \
/// \\\
\
’/
/ \
> 0 A ;
\\ /
/
y
\\ /
\ /’
\ /
-05 | \ / g
\ /
\ /
0 50 100 150 200 250 300 350 400
X
Examples

See an example on page for CPlot:plotType(). For comparison with data from CPlot::dataFile() and
CPlot::data(), see programs on pages [36/and for plot with candlesticks.

See Also
CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D, CPlot::data3DCurve, CPlot::data3DSurface,
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CPlot::outputType(), CPlot::plotting(), plotxyf(), plotxyzf().

CPlot::dataSetNum

Synopsis
#include <chplot.h>
int dataSetNum();

Purpose
Obtain the current data set number in an instance of CPlot class.

Return Value
The current data set number in an instance of CPlot class. The first data set number is 0. If there is no data
in the instance of the CPlot class, the return value is -1.

Parameters
None.

Description
This function returns the current data set number in an instance of CPlot class.

Example

/* File: dataSetNum.ch «/
#include <math.h>
#include <chplot.h>

int main() {
int num, numpoints = 36;
array double x[numpoints], y[numpoints];

class CPlot plot;

lindata (0, 360, x, 36);
y = sin(x*M_PI/180);
num = plot.dataSetNum() ;
printf ("The number of data set is %d\n", num);
plot.data2D (x, V);
num = plot.dataSetNum() ;
printf ("The number of data set is %d\n", num);
plot.data2D (x, 2x*y);
num = plot.dataSetNum() ;
printf ("The number of data set is %d\n", num);
plot.plotting();
}

Output in console

The number of data set is -1

The number of data set is 0
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The number of data set is 1

CPlot::deleteData

Synopsis
#include <chplot.h>
void deleteData();

Purpose
Delete all plot data of an instance of the CPlot class.

Return Value
None.

Parameters
None.

Description

This function frees all memory associated with previously allocated plot data, plot type, legends, plot axes,
points, lines, polygons, rectangles, and circles. Unlike CPlot::deletePlots(), this function does not reset
plotting options to their default values. This function allows for the reuse of a single instance of the CPlot
class to create multiple plots.

See Also

CPlot::arrow(), CPlot::circle(), CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(),
CPlot::data3DCurve(), CPlot::data3DSurface(), CPlot::dataFile(), CPlot::deletePlots(), CPlot::ticsLabel(),
CPlot::line(), CPlot::point(), CPlot::polygon, CPlot::rectangle(), CPlot::text().

CPlot::deletePlots

Synopsis
#include <chplot.h>
void deletePlots();

Purpose
Delete all plot data and reinitialize an instance of the class to default values.

Return Value
None.

Parameters
None.
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Description

This function frees all memory associated with previously allocated plot data, plot type, legends, plot axes,
text strings, arrows, points, lines, polygons, rectangles, circles, and labeled tic-marks. This function also
resets all plotting options to their default values. This function allows for the reuse of a single instance of
the CPlot class to create multiple plots. This function is used internally by fplotxy(), fplotxyz(), plotxy(),
plotxyz(), plotxyf(), plotxyzf().

See Also

CPlot::arrow(), CPlot::circle(), CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(),
CPlot::data3DCurve(), CPlot::data3DSurface(), CPlot::dataFile(), CPlot::deleteData(), CPlot::ticsLabel(),
CPlot::line(), CPlot::point(), CPlot::polygon, CPlot::rectangle(), CPlot::text(), fplotxy(), fplotxyz(), plotxy(),
plotxyz(), plotxyf(), plotxyzf().

CPlot::dimension

Synopsis
#include <chplot.h>
void dimension(int dim);

Purpose
Set plot dimension to 2D or 3D.

Return Value
None.

Parameter
dim 2 for 2D and 3 for 3D. Default is 2.

Description

Set the dimension of the plot. The plot dimension should be set before data are added to the plot if member
functions CPlot::dataThreeD(), CPlot::dataThreeDCurve(), or CPlot::dataThreeDSurface() are not called
before. This member function must be used when 3D plotting data are added by CPlot::dataFile() and
CPlot::polygon().

Example
See CPlot::polygon().

See Also
CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(), CPlot::data3DCurve(),
CPlot::data3DSurface(), CPlot::dataFile(), CPlot::polygon().
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CPlot::displayTime

Synopsis

#include <chplot.h>

void displayTime(double x_offset, double y_offser);

Purpose

Display the current time and date.

Return Value

None.

Parameters

x_offset Offset of the time-stamp in the x direction from its default location.

y-offset Offset of the time-stamp in the y direction from its default location.

Description

CPlot::displayTime

This function places the current time and date near the left margin. The exact location is device dependent.

The offset values, x_offset and y_offset, are in screen coordinates and are measured in characters. For exam-

ple, if both x_offset and y_offset are 2, the time will be moved approximately two characters to the right and

two characters above the default location.

Example
Compare with the output for examples in CPlot::data2D() and CPlot::data2DCurve().

/* File: displayTime.ch «*/
#include <math.h>
#include <chplot.h>

int main () |
int numpoints = 36;
array double x[numpoints], y[numpoints];

}

class CPlot plot;

lindata (0, 360, x);

y = sin(x*M_PI/180);
plot.displayTime (10,0);
plot.data2D (x, V);
plot.plotting();

Output
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CPlot::enhanceText

Synopsis
#include <chplot.h>
void enhanceText();

Purpose
Use special symbols in text.

Return Value
None.

Parameters
None.

Description
This function turns on the enhanced text mode for terminal and output files in PostScript, PNG, JPEG, GIF
formats that support additional text formatting information embedded in the text string. With this function
call, special symbols can be used in text such as those passed arguments of member functions CPlot::label(),
CPlot::legend(), CPlot::text(), CPlot::title().

The syntax for the enhanced text is shown in Figure 2.0l The character codes for the enhanced text
is shown in Figure Braces can be used to place multiple-character text where a single character is
expected, for example, 3~ {2x}. To change the font and/or size, use the full form

{/[fontname] [=fontsize | xfontscale] text}
For example, { /Symbol=20 p}isa20-pointwand {/*0.5 B} is a B atan half of whatever fontsize

is currently in effect. The '/’ character must be the first character after the ’ {’ character to use the
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enhanced text.

You can access special symbols numerically by specifying \character-code in octal number, for
example, { /Symbol \\160} is the symbol for 7.

You can escape control characters using \\.

The string "\\326" is for the symbol i and string "\\140" draws a bar on a symbol. The number of
token "\\ 140", inside a pair of braces *{” and ’}’, for a bar can be changed to adjust the length of the bar on
the math expression. To place an expression inside the radical symbol VE multiple tokens "\\140" can be
added inside a pair of braces. For example, use the string
"{/Symbol @{\\140\\140\\140\\140}\\326}x+8" for /= + 8. If the radicand has super-
script, the font size for the regular text and superscript may need to be changed to display the math expression
properly. For example, the string
"{/Symbol=11 @{\\140\\140\\140\\140\\140\\140\\140\\140}\\326}2x"{/Symbol=6 2}+9x+14"
displays /222 + 9z + 14 with 11 points for the regular text and 6 points for superscript.

84



20:20000 300000 <chplot.h> CPlot::enhanceText

text result
Superscripts are denoted by : 10nM{-2y 1072
Subscripts are denoted by _: A _{j,k} Ak
Braces are not needed for single characters: enxX’ e*
Use @ to align sub- and superscripts: X@"2_k’ xﬁ
Put the shorter of the two first: xX@_0N{-3/2}y’ xb?’/ 2y
...rather than: x@"{-3/2}_0y’ XES;Z
Font changes are enclosed in braces: "{/Helvetica m}’ m
...Size, too: {/=8 m}’ m
...or both: {/Helvetica=18 m}’ m
Characters can be specified by code: {\120}’ P
...which is how to get nonkeyboard characters: {\267}’ .
Use keyboard characters or codes for other fonts: *{/Symbol p\271 22/7} p, 22/7
Everything outside braces is in the default font: P = {/Symbol r}KkT’ P=rkT
Space of a given size can be inserted with &: "<junk>’ <junk>
<&{junk}>’ < >
Special characters (*,_,{,},@,&,\) can be escaped by \: X y\} f{x,y}
...or \\'if within a double-quoted string: "GV {x,y}
Everything can be done recursively:
the text {/Symbol=18\362@_{/=9.6 0}{/=12\245}}
{/Helvetica e{-{/Symbol m}"2/2} d}{/Symbol m = (p/2)"{1/2}}

2
produces the result: :fe'm Rom = (p/2)*?

Note how font sizes and definitions are preserved across pairs of braces.
O 2.1: Syntax for the enhanced text.
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T = text (here Times-Roman) S = Symbol

CPlot::enhanceText

Z = ZapfDingbats E = 1SO Latin-1 encoding

(the "E" character set is accessed via a member function CPlot::nativeCmd(*'set encoding™) )

040
041
042
043
044
045
046
047
050
051
052
053
054
055
056
057
060
061
062
063
064
065
066
067
070
071

072 :

073
074
075
076
077
100
101
102
103
104
105
106
107
110

TS ZE
LI A I
"oom [T
# # L[#]
$ s 31
% % [ %
& & &
S I
( ¢ 3
) ) )
* o« [F]
+ + [C+1
- - =
A B
[/ I3
0 o LO1
1 1 1
2 2 [21
3 3 [3
4 4 [4]
5 5 [3
6 6 A
7 7 [T
8 8 [B
9 9 A

I
S A W
< < [4
> s [
? 2 [
@e L@
A a [CA
B B [H
C c A
Do DO
E E [H
F r [H
G ¢ [d
HHE [H

111
112
113
114
115
116
117
120
121
122
123
124
125
126
127
130
131
132
133
134
135
136
137
140
141
142
143
144
145
146
147
150
151
152
153
154
155
156
157
160
161

TS ZE

H

>— “TmN<KXsS<CHOTODDOZZIC X<~
»y— mmNKXE<AdH®NDPO WO RRERGY

JOOQEUEEOEEOIUOUOUOREUE00EEEE0REHEREE

-

a a

b b

C c

d 4

e e

f £

g g

h h
i1
I3

k k

| 1 e |
mmwm [m
n n WMnN
o o [d
p p LP
g g Ld

O 2.2: character codes for the enhanced text.

162
163
164
165
166
167
170
171
172
173
174
175
176
220
221
222
223
224
225
226
227
230
232
233
235
236
237
240
241
242
243
244
245
246
247
250

251

252
253
254
255

TS

q
=

P ~— NN X £ 4 g
QOEER S C0Ec D

Il YT ANK X s < ©c o

g w=— «K Nth e —
- O~ O\ -

> € * i
)

R

=
z

NAR
AR

v
v
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Z E

]

C1¢

§oaps

256
257
260
261
262
263

T
fi
fl

—+ |

264 -

265
266
267
270
271
272
273
274
275
276
277
300

»

%0

301 °
302 °

303
304
305
306

307 -
310 ©

311
312
313
314

315 ~

316
317
320
321
322
323
324
325
326

~

S
fi
fl

Z

!

o O

!

E

gBEEE B R EERad N R s nnd WU UEHIUSDUULTE

327
330
331
332
333
334
335
336
337
340
341
342
343
344
345
346
347
350
351
352
353
354
355
356
357
360
361
362
363
364
365
366
367
370
371
372
373
374
375
376
377

TS ZE
1 X
—a
—ul
U
1
Cu
Yl
p1
I |
[al

£ E [a
a1

aam
a1
—al
=1
Ll¢

t = &l

?g o [&l

E ¢ L[El

Ool:é]
11
1
|
11
0

® = [Al
—a
a1l
d

I 1 [Cal
—d
=1

t 1 [Cad

g o [

e e [

R R [
i
(YA
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Example 1

/+ File: enhanceText.ch =*/
#include <math.h>
#include <chplot.h>

#define NUM 36

int main() {
int i;
double x[NUM], y[NUM];
class CPlot plot;

char funcname[] = "f_1(x) = x"2 sin({/Symbol p}x)";
for (i=0; i< NUM; i++) {

x[1i] = i*(2.0)/ (NUM-1);

y[i] = x[i]*x[1]+*sin(x[1]*M_PTI);

}

plot.data2bCurve (x, y, NUM);

plot.enhanceText () ;

plot.label (PLOT_AXIS_X, "x (it multiplies {/Symbol p})");

plot.label (PLOT_AXIS_Y, funcname);

plot.legend (funcname, O0);

plot.text (funcname, PLOT_TEXT_LEFT, 0.5, -0.2, 0);

plot.text ("{/Helvetica=28 m} {/Symbol p \\271 22/7}", PLOT_TEXT_LEFT, 0.5, -0.4, 0);

plot.text ("{/Symbol=18 \\362@_{/=9.6 0}~ {/=12 \245}}"
"{/Helvetica e"{—-{/Symbol m}~2/2} d}{/Symbol m = (p/2)"{1/2}}",
PLOT_TEXT_LEFT, 0.5, -0.6, 0);

plot.text ("special characters \\\\" \\\\_ \\\\@ \\\\&", PLOT_TEXT_LEFT, 0.5, -0.8, 0);

plot.text ("special character \\134 ", PLOT_TEXT_LEFT, 0.5, -1.0, 0);

plot.text ("special character a\\134b\\\\c", PLOT_TEXT_LEFT, 0.5, -1.2, 0);

/+ for display on the screen =/

plot.text ("special characters \\\\{ \\\\} ", PLOT_TEXT_LEFT, 0.5, -1.4, 0);

/+ For postscript file use the format below to create ’'{’ and '}’ x/

//plot.text ("special characters \\\\173 \\\\175", PLOT_TEXT_LEFT, 0.5, -1.6, 0);
//plot.outputType (PLOT_OUTPUTTYPE_FILE, "postscript eps color", "../output/enhanceText.eps");
plot.plotting () ;

return 0;

Output
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0.5 T T

CPlot: fillStyle

fll(x) =x? sin(px)

f,(x) = X2 sin(pXx)

m 22/7 \
05 L P / \

2
:fe-m 12 dm = (p/2) 1/2

special characters* _ @ &

X2 sin(px)

1 special character \

special character a\b\c

209

-15 1
special characters { }
\\
\
\
\
\ /
2+ / .
\ /
\ /
~
-25 L L L
0 0.5 1 15 2

x (it multiplies p)

See Also
CPlot::label(), CPlot::legend(), CPlot::text(), CPlot::).

CPlot::fillStyle

Synopsis
#finclude <chplot.h>

void fillStyle(int num, int style, ... /* [double density], int patternnum) */);

Syntax

fillStyle(num, PLOT_FILLSTYLE _EMPTY)

fillStyle(num, PLOT_FILLSTYLE _SOLID)

fillStyle(num, PLOT_FILLSTYLE SOLID, density)

fillStyle(num, PLOT_FILLSTYLE TRANSPARENT_SOLID, density)
fillStyle(num, PLOT_FILLSTYLE_PATTERN)

fillStyle(num, PLOT_FILLSTYLE PATTERN, patternnum)

fillStyle(num, PLOT_FILLSTYLE_TRANSPARENT_PATTERN, patternnum)

Purpose

Fill a box or filled curve with a solid color or pattern, or transparent solid color or pattern.

Return Value
None.

Parameters
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num The data set of plot type of box or filled curve to be filled. If num is -1, the fill style will be applied to
all boxes and filled curves for the plot.

style The style parameter can take one of the following values:

PLOT_FILLSTYLE_EMPTY Do not fill the box. The default is to have an empty box.
PLOT_FILLSTYLE_SOLID Fill the boxes or filled curves with a solid color.

PLOT FILLSTYLE TRANSPARENT SOLID Fill the boxes or filled curves with a transparent
solid color.

PLOT_FILLSTYLE_PATTERN Fill the boxes or filled curves with a pattern.

PLOT _FILLSTYLE _TRANSPARENT PATTERN Fill the boxes or filled curves with a transpar-
ent pattern.

density The density of solid color in the range of [0, 1.0]. If the value for density is 0.0, the box is empty.
If it is 1.0, the inner area is of the same color as the current line type. If no density parameter is
given, it defaults to 1.0.

In the case of transparent solid fill areas, the density parameter is interpreted as an alpha value; that
is, density 0 is fully transparent, density 1 is fully opaque.

patternnum The parameterpatternnum option causes filling to be done with a fill pattern supplied by
the terminal driver. The kind and number of available fill patterns depend on the terminal driver. If
multiple datasets using filled boxes are plotted, the pattern cycles through all available pattern types,
starting from patternnum, much as the line type cycles for multiple line plots. The available
patterns in Windows are shown below.

pattern fill
o 1 2 3 4 5 &6 7T 8 4

In the case of transparent pattern fill, the background of the pattern is either fully transparent or fully
opaque.

Description

This function specifies how boxes and filled curves are filled with a solid color or pattern. The fill style
can be applied to plot types of PLOT_PLOTTYPE_BOXES, PLOT_PLOTTYPE_BOXERRORBARS,
PLOT_PLOTTYPE_BOXXYERRORBARS, PLOT_PLOTTYPE_CANDLESTICKS, and
PLOT_PLOTTYPE_FILLEDCURVES specified by member function CPlot::plotType().
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There may be additional limitations on the creation or viewing of graphs containing transparent fill areas.
For example, the png terminal can only use transparent fill if the “truecolor” option is set by

plot.outputType (PLOT_OUTPUTTYPE_FILE, "png truecolor", "filename.png")

Postscript files only support transparent pattern-fill areas.

Portability
Not all platforms support PLOT_FILLSTYLE_TRASNPARENT_SOLID and
PLOT_FILLSTYLE_TRASNPARENT _PATTERN.

Example
This example generates a plot with transparent solid colors. See alsomathCoord_2 . ch in CPlot::mathCoord().

/+ File: fillStyle.ch
Plotting the inequality y < 8x+40 and y < 10x+30 for x from O to 16. */
#include <chplot.h> /x for CPlot =/

double func (double x) {
double vy;
y = 8 * x + 40;
return y;

double func?2 (double x) {
double vy;
y = 10 » x + 30;
return y;

int main() {
CPlot plot;
int num = 0;

plot.title("y < 8x+40 and y < 10x+30");

plot.label (PLOT_AXIS_X, "x");

plot.label (PLOT_AXIS_Y, "y");

plot.axisRange (PLOT_AXIS_Y, 20, 200);

plot.grid (PLOT_ON, "front");

plot.func2D (0, 16, 500, func);

plot.plotType (PLOT_PLOTTYPE_FILLEDCURVES, num, "y1=20", "blue");
/+ transparent solid blue color with density 0.6 */
plot.fillStyle (num, PLOT_FILLSTYLE_TRANSPARENT_SOLID, 0.6);

plot.func2D (0, 16, 500, func2);

num++;

plot.plotType (PLOT_PLOTTYPE_FILLEDCURVES, num, "y1=20", "yellow");
/+ transparent solid yellow color with density 0.6 =/
plot.fillStyle (num, PLOT_FILLSTYLE_TRANSPARENT_SOLID, 0.6);
plot.plotting () ;

return 0;

Output
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y < 8x+40 andy < 10x+30

140 | 1

120 .

100 .

80 | . 1

40 1

20 I 1 1 I 1 1 I

See Also
CPlot::boxBorder(), CPlot::boxWidth(), CPlot::mathCoord(), CPlot::plotType().

CPlot::font

CPlot::font

Synopsis
#include <chplot.h>
void font(char *fontname, int fontsize);

Purpose
Set the font and font size used for all texts in the plot.

Return Value
None.

Parameter
fontname The font name for the font used in all texts in the plot.

fontsize The font size for the font used in all texts in the plot.

Description

This function sets the font name and size used in all texts such as title, label, legend, and text in the

lot. The commonly used font names such as "Sans", "Arial", "Helvetica",
p y
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"Times—-New-Roman" are available. By default, the font name "Sans" and font size 10 are used.

Example 1
In this example, the smaller font size 8 is used so that tick marks on the x-axis can fit in the space. Compare
the output with the that for the example in CPlot::mathCoord().

/+ File: font.ch =*/
#include <math.h>
#include <chplot.h>
#include <numeric.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];
CPlot plot;

lindata (-180, 180, x);
y = sin(x*M_PI/180);
plot.mathCoord();
plot.data2D (x, V);
plot.ticsRange (PLOT_AXIS_X, 25);
/+ change the default font size from 10 to 8 x/
plot.font ("Sans", 8);
plot.fontScale(1.0); /+ use default font scale =/
plot.plotting();
}

Output

See Also
CPlot::fontScale().

CPlot::fontScale

Synopsis
#finclude <chplot.h>
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void fontScale(int scale);

Purpose
Scale the font used for all texts in the plot.

Return Value
None.

Parameter

scale The scaling factor for the font used in all texts in the plot. The value should be larger than 0.

Description

This function scales all texts such as title, label, legend, and text in the plot by the factor scale. If the
scaling factor scale is larger than 1, the font size will be bigger than the default one. If the scaling factor
scale is larger than 0, but less than 1, the font size will be smaller than the default one. By default, the
scaling factor is 1.

Portability
Not all platforms support this feature.

Example 1

See an example in CPlot::font().
See Also

CPlot::font().

CPlot::func2D

Synopsis
#include <chplot.h>
int func2D(double x0, double xf, int n, double (*func)(double x));

Purpose
Add a set of data using a function for 2D curve to an instance of CPlot class.

Return Value
This function returns O on success and -1 on failure.

Parameters

x0 the initial value for the range of the function.
xf the final value for the range of the function.

n the number of points for the range of the function.
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func a pointer to function for adding a set of data.

Description
This function adds a set of data using a function func () in the range from x0 to xf with n points to a
previously declared instance of the CPlot class.

Example 1

/* File: func2D.ch =/
#include<math.h>
#include<chplot.h>

#define N 100

double omega;
double func (double x) {
double vy;

y = sin(omega=*x);
return y;

int main() |
double x0, xf;
CPlot plot;

x0 = 0;
xf = 2+xM_PI;
plot.title("sin(wx)");
plot.func2D (x0, xf, N, sin);
plot.legend("sin(x)", 0);
omega = 2;
plot.func2D (x0, xf, N, func);
plot.legend("sin(2x)", 1);
plot.plotting();

}

Output
sin(wx)
1 T
sin(x)
sin(2x)
0.8 B
06 B
/
/ \
04 / \ B
\
\
Qz—// \\ g
/ \
> 0
\ /
0.2 | \ / B
\ /
-04 \ // 4
\\ /
0.6 B
A\ /
-0.8 m
1 1 1 1 1 1 1
0 1 2 3 4 5 6 7
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See Also
CPlot::func3D(), CPlot::funcp2D(), CPlot::funcp3D(), CPlot::data2D(), CPlot::data3D(),
CPlot::data3DCurve(), CPlot::data3DSurface(), fplotxy().

CPlot::func3D

Synopsis

#include <chplot.h>

int func3D(double x0, double xf, double y0, double yf, int nx, int ny, double (*func)(double x, double
)

Purpose
Add a set of data using a function for 3D surface to an instance of CPlot class.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

x0 the initial value for the x range of the function.

xf the final value for the x range of the function.

y0 the initial value for the y range of the function.

yf the final value for the y range of the function.

nx the number of points for the x range of the function.
ny the number of points for the y range of the function.
func a pointer to function for adding a set of data.

Description
This function adds a set of data using a function func () with nx points in the range from x0 to xf for x
and with ny points in the range from y 0 to y £ for y to a previously declared instance of the CPlot class.

Example 1

/* File: func3D.ch x/
#include<math.h>
#include<chplot.h>

#define NX 50
#define NY 50

double offset;

double func(double x, double y) {
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double z;

z = cos(x)+*sin(y) +offset;
return z;

}

int main() {
double x0, xf, y0, yf;
CPlot plot;

x0 = 0;
xf = 2+«M_PI;
y0 = 0;

vf = 2«M_PTI;
offset = 1;
plot.title("cos(x)sin(y)+offset");
plot.func3D(x0, xf, y0, yf, NX, NY, func);
offset = 2;
plot.func3D(x0, xf, y0, yf, NX, NY, func);
plot.plotting();

}

Output

cos(x)sin(y)+offset

See Also

CPlot::funcp2D

CPlot::func2D(), CPlot::func3D(), CPlot::funcp2D(), CPlot::data2D(), CPlot::data3D(),

CPlot::data3DCurve(), CPlot::data3DSurface(), fplotxy().

CPlot::funcp2D

Synopsis
#include <chplot.h>

int funcp2D(double x0, double xf, int n, double (*func)(double x, void * param, void * param);
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Purpose
Add a set of data using a function for 2D curve to an instance of CPlot class.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

x0 the initial value for the range of the function.

xf the final value for the range of the function.

n the number of points for the range of the function.
func a pointer to function for adding a set of data.

param a parameter passed to the function. If this argument is not used inside function func (), NULL can
be passed to this parameter.

Description
This function adds a set of data using a function with a parameter func () in the range from x0 to xf with
n points to a previously declared instance of the CPlot class.

Example 1

/* File: funcp2D.ch x/
#include<math.h>
#include<chplot.h>

#define N 100

double func(double x, void xparam) {
double omega, v;

omega = * (doublex)param;
y = sin(omegaxx);
return y;

}

int main() {
double x0, xf, omega;
CPlot plot;

x0 = 0;

xf = 2+xM_PI;

omega = 1;

plot.title("sin(wx)");
plot.funcp2D (x0, xf, N, func, &omega);

plot.legend("sin(x)", 0);

omega = 2;

plot.funcp2D (x0, xf, N, func, &omega);
plot.legend("sin(2x)", 1);

plot.plotting();

97



20:20000 300000 <chplot.h> CPlot::funcp3D

Output
See CPlot::func2D().

See Also
CPlot::func2D(), CPlot::funcp3D(), CPlot::funcp3D(), CPlot::data2D(), CPlot::data3D(),
CPlot::data3DCurve(), CPlot::data3DSurface(), fplotxy().

CPlot::funcp3D

Synopsis

#include <chplot.h>

int funcp3D(double x0, double xf, double y0, double yf, int nx, int ny, double (*func)(double x, double
v, void * param, void * param);

Purpose
Add a set of data using a function for 3D surface to an instance of CPlot class.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

x0 the initial value for the x range of the function.

xf the final value for the x range of the function.

y0 the initial value for the y range of the function.

yf the final value for the y range of the function.

nx the number of points for the X range of the function.
ny the number of points for the y range of the function.
func a pointer to function for adding a set of data.

param a parameter passed to the function. If this argument is not used inside function func (), NULL can
be passed to this parameter.

Description

This function adds a set of data using a function func () with nx points in the range from x0 to xf for x
and with ny points in the range from y0 to yf for y to a previously declared instance of the CPlot class.
The function has an optional parameter.

Example 1
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/+ File: funcp3D.ch =/
#include<math.h>
#include<chplot.h>

#define NX 50
#define NY 50

double func(double x, double y, void xparam) {
double offset, z;

offset = x(doublex)param;
z = cos(x)+*sin(y) +offset;
return z;

}

int main() {
double x0, xf, y0, yf, offset;
CPlot plot;

x0 = 0;
xf = 2+«M_PI;
y0 = 0;
yvf = 2«M_PTI;

offset = 1;

plot.title("cos(x)sin(y)+offset");

plot.funcp3D(x0, xf, y0, vf, NX, NY, func, &offset);
offset = 2;

plot.funcp3D(x0, xf, y0, vf, NX, NY, func, &offset);
plot.plotting();

Output

See CPlot::func3D().

See Also

CPlot::func2D(), CPlot::func3D(), CPlot::.funcp2D(), CPlot::data2D(), CPlot::data3D(),
CPlot::data3DCurve(), CPlot::data3DSurface(), fplotxy().

CPlot::getGrid

Synopsis in Ch and C++
#include <chplot.h>
void getGrid(int » f1ag, char xoption);

Purpose
Get the information for the gird of a plot.

Return Value
None.

Parameters
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flag The value for turning on or off or grids.
option The additional options for setting the grids.

Description
The member function CPlot::grid() can be called by

int flag = PLOT_ON;

char option[]="front", char =*optionptr;
plot.grid(flag);

plot.grid(flag, option);

This CPlot::getGrid() gets the values of f1ag and option by the function call as follows.
plot.getGrid(&flag, optionptr);

See Also
CPlot::grid().

CPlot::getLabel

Synopsis
#include <chplot.h>
char * getLabel(int axis);

Purpose
Get the label for a plot axis.

Return Value
The label of the axis.

Parameters

axis The axis with its label to be obtained. Valid values are:

PLOT _AXIS X Select the x axis only.
PLOT_AXIS_X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
PLOT _AXIS_Y2 Select the y2 axis only.
PLOT_AXIS_Z Select the z axis only.

Description
Get the label of a plot axis.

Example
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/+ File: getLabel.ch =/
#include <math.h>
#include <chplot.h>

int main() |
class CPlot plot;
string_t xlabel, ylabel, zlabel, title;

plot.label (PLOT_AXIS_X, "xlabel");
xlabel = plot.getLabel (PLOT_AXIS_X);
ylabel = plot.getLabel (PLOT_AXIS_Y);
zlabel = plot.getLabel (PLOT_AXIS_Z);
printf ("xlabel = %s\n", xlabel);
printf ("ylabel = %s\n", ylabel);
printf ("zlabel = %s\n", zlabel);
title = plot.getTitle();
printf ("title = %s\n", title);
plot.title ("New Title");
title = plot.getTitle();
printf ("title = %s\n", title);

}

Output

xlabel = xlabel

ylabel =y
zlabel = z
title =

title = New Title

See Also
CPlot::label(), CPlot::title(), CPlot::getTitle().

CPlot::getOutputType

CPlot::getOutputType

Synopsis
#include <chplot.h>
plotinfo_t getOutputType();

Purpose
Get the output type for a plot.

Return Value
The output type in one of the following forms:

PLOT_OUTPUTTYPE_DISPLAY Display the plot on the screen.

PLOT_OUTPUTTYPE _STREAM Output the plot as a standard output stream.
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PLOT_OUTPUTTYPE _FILE Output the plot to a file in one of a variety of formats.

Parameters None
Description
Get the output type of a plot.

Example

/* File: getOutputType.ch =*/
#include <math.h>
#include <chplot.h>

int main() {
class CPlot plot;
plotinfo_t outputtype;

outputtype = plot.getOutputType();

if (outputtype == PLOT_OUTPUTTYPE_DISPLAY)
printf ("output is displayed\n");

else if (outputtype == PLOT_OUTPUTTYPE_STREAM)
printf ("output is stdout stream\n");

else if (outputtype == PLOT_OUTPUTTYPE_FILE)
printf ("output is in a file\n");

return 0;

}

Output

output 1is displayed

See Also
CPlot::outputType().

CPlot::getSubplot

CPlot::getSubplot

Synopsis
#include <chplot.h>
class CPlot* getSubplot(int row, int col);

Purpose
Get a pointer to an element of a subplot.

Return Value
Returns a pointer to the specified element of the subplot.

Parameters
row The row number of the desired subplot element. Numbering starts with zero.
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col The column number of the desired subplot element. Numbering starts with zero.

Description

After the creation of a subplot using CPlot::subplot(), this function can be used to get a pointer to an
element of the subplot. This pointer can be used as a CPlot pointer normally would be. Addition of data
sets or selection of plotting options are done normally. However, each option only effects the subplot element
currently pointed to.

Example

/* File: getSubplot.ch */
#include <chplot.h>
#include <math.h>

#define NVAR 4
#define POINTS 50

int main() {
void derivs (double t, double y[], double dydt[]) {
dydt [0] = -yI[1];
dydt [1]=y[0]-(1.0/t)*y[1];
dydt [2]=y[1]-(2.0/t)*y[2];
dydt [3]=y[2]-(3.0/t)*y[3];

}

double t0=1, tf=10, yO[NVAR];

double t[POINTS], y1[NVAR][POINTS];

int points;

int datasetnum=0, line_type=4, line_width = 2;
array double theta2[360], r2[360];

array double x3[360], y3[360], z3[2][360];
double thetad4[36], z4[20], r4[720];

double r, x5[30], y5[30], z5[900];

double x6[40], y6[60], z6[2400];

int i, 3;
class CPlot subplot, =*spl;

/* plot 1 */

y0[01=30(t0);

y0[11=31(t0);

y0[2]=3n(2,t0);

y0[3]1=3n(3,t0);

points = odesolve(t, yl, derivs, t0, tf, vyO0);

/* plot 2 */
lindata (0, M_PI, theta2);
r2 = sin(5*theta2);

/* plot 3 =/

lindata (0, 360, x3);

y3 = sin(x3xM_PI/180);

for (1i=0; i<360; i++) {
z3[0][1] = cos(x3[1]1xM_PI/180);
z3[1][i] = y3[i];
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/* plot 4 =/
lindata (0, 360, thetad);
lindata (0, 2+«M_PI, =z4);
for (i=0; 1<36; 1i++) {
for (3j=0; 3<20; J++) {
r4[i%x20+3] = 2+cos(z4[3jl);

/% plot 5 %/
lindata (=10, 10, x5);
lindata (=10, 10, y5);
for (i=0; 1i<30; i++) {
for (3=0; 7J<30; Jj++) {
r = sqrt(x5[1]*x5[1]1+y5([J]1*y5[31);
z5[30x1+j] = sin(r)/r;

/+ plot 6 %/
lindata (-3, 3, x6);
lindata (-4, 4, y6);
for (i=0; i<40; 1i++) {
for (3=0; 3j<60; Jj++) {
z6[60xi+j] = 3x(1-x6[1])*(1-x6[1]) *
exp (- (x6[1]1*x6[1])-(y6[]J]1+1)*(y6[j]+1))
- 10* (x6[1]/5 — x6[1]*x6[1]*x6[i]-pow(y6[j],5))*
exp (-x6[1]*xx6[1]-y6[Jl*xy6[]])
- 1/3%exp (—(x6[1]14+1)* (x6[1]1+1)-y6[jl*y6I[3]);

subplot.subplot (2,3); /* create 2 x 3 subplot =/

spl = subplot.getSubplot (0,0); /* get subplot (0,0) x/
spl->title("Line");

spl—->label (PLOT_AXIS_X,"t");

spl->label (PLOT_AXIS_Y, "Bessel functions");
spl->data2D (t, vl1);

spl->legend("j0", 0);
spl->legend("3j1", 1);
spl->legend ("j2", 2);
spl->legend (" 33", 3);

spl = subplot.getSubplot (0,1); /* get subplot (0,1) =x/
spl->title ("Polar");

spl->axisRange (PLOT_AXIS_XY, -1, 1);

spl->ticsRange (PLOT_AXIS_XY, .5, -1, 1);

spl->data2D (thetaz2, r2);

spl->polarPlot (PLOT_ANGLE_RAD) ;

spl->sizeRatio(-1);

spl = subplot.getSubplot(0,2); /* get subplot (0,2) x/
spl->title("3D curve");

spl->data3D (x3, y3, z3);

spl->colorBox (PLOT_OFF) ;

spl->axisRange (PLOT_AXIS_X, 0, 400);

spl->ticsRange (PLOT_AXIS_X, 200, 0, 400);
spl->axisRange (PLOT_AXIS_Y, -1, 1);
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spl->ticsRange (PLOT_AXIS_Y, 1, -1, 1);
spl->axisRange (PLOT_AXIS_Z, -1, 1);
spl->ticsRange (PLOT_AXIS_z, 1, -1, 1);

spl = subplot.getSubplot(1,0); /* get subplot (1,0) x/
spl->title("Cylindrical");

spl->data3D (thetad, z4, r4);

spl—->colorBox (PLOT_OFF) ;

spl—->coordSystem (PLOT_COORD_CYLINDRICAL, PLOT_ANGLE_DEG) ;
spl->axisRange (PLOT_AXIS_Z, 0, 8);

spl->ticsRange (PLOT_AXIS_7Z, 2, 0, 8);

spl->axisRange (PLOT_AXIS_XY, -4, 4);

spl->ticsRange (PLOT_AXIS_XY, 2, -4, 4);

spl->label (PLOT_AXIS_XYZ, NULL);

spl = subplot.getSubplot(l,1); /% get subplot (1,1) =x/
spl->title ("3D Mesh");

spl->axisRange (PLOT_AXIS_X, -10, 10);
spl->ticsRange (PLOT_AXIS_X, 5, -10, 10);
spl->axisRange (PLOT_AXIS_Y, -10, 10);
spl->ticsRange (PLOT_AXIS_Y, 5, -10, 10);
spl->axisRange (PLOT_AXIS_7Z, -.4, 1.2);
spl->ticsRange (PLOT_AXIS_7Z, .4, —-.4, 1.2);
spl->data3D (x5, y5, z5);

spl—->colorBox (PLOT_OFF) ;

spl->label (PLOT_AXIS_XYZ, NULL);

spl = subplot.getSubplot(1,2); /* get subplot (1,2) x/
spl->title ("3D Mesh");

spl->data3D (x6, y6, z6);
spl->axisRange (PLOT_AXIS_X, -3, 3);
spl->ticsRange (PLOT_AXIS_X, 2, -3, 3);
spl->axisRange (PLOT_AXIS_Y, -4, 4);
spl->ticsRange (PLOT_AXIS_Y, 2, -4, 4);
spl->axisRange (PLOT_AXIS_Z, -8, 8);
spl->ticsRange (PLOT_AXIS_Zz, 4, -8, 8);
spl->colorBox (PLOT_OFF) ;

spl->label (PLOT_AXIS_XYZ, NULL);
spl->ticsLevel(0.1);
subplot.plotting();

Output
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See Also
CPlot::subplot().

CPlot::getTitle

3D curve

CPlot::getTitle

Synopsis
#finclude <chplot.h>
string_t getTitle(void);

Purpose
Get the plot title.

Return Value
The plot title.

Parameters
None.

Description
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Get the title of the plot. If no title, NULL will be returned.

Example
see CPlot::getLabel().

See Also
CPlot::label(), CPlot::getLabel(), CPlot::title().

CPlot::grid

CPlot::grid

Synopsis
#include <chplot.h>
void grid(int flag, ... /* [char * option] */);

Syntax
grid(flag)
grid(flag, option)

Purpose
Enable or disable the display of a grid on the xy plane.

Return Value
None.

Parameters
flag This parameter can be set to:

PLOT_ON Enable the display of the grid.
PLOT_OFF Disable the display of the grid.

option The option for the grid.

Description

Enable or disable the display of a grid on the xy plane. By default, the grid is off. For a polar plot, the polar

grid is displayed. Otherwise, the grid is rectangular.

The optional argument opt ion of string type with the following values can be used to fine tune the grid

based on the argument for set grid command of the gnuplot.

{{no} {m}xtics} {{no}{m}ytics} {{no}{m}ztics}

{{no}{m}x2tics} {{no}{m}y2tics}
{{no}{m}cbtics}

{polar {<angle>}}

{layerdefault | front | back}
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{ {linestyle <major_linestyle>}
| {linetype | 1t <major_linetype>}
{linewidth | 1w <major_linewidth>}
{ , {linestyle | 1ls <minor_linestyle>}
| {linetype | 1t <minor_linetype>}

{linewidth | 1w <minor_linewidth>} } 1}

The grid can be enabled and disabled for the major and/or minor tic marks on any axis, and the linetype
and linewidth can be specified for major and minor grid lines.

Additionally, a polar grid can be selected for 2-d plots—circles are drawn to intersect the selected tics,
and radial lines are drawn at definable intervals. The interval is given in degrees or radians, depending on
the argument of CPlot::polarPlot(). The default polar angle is 30 degrees.

The pertinent tics must be enabled. Otherwise, the plotting engine will quietly ignore instructions to draw
grid lines at non-existent tics, but they will appear if the tics are subsequently enabled.

The ‘linetype* is followed by an integer index representing the line type for drawing. The line type varies
depending on the terminal type used (see CPlot::outputType). Typically, changing the line type will change
the color of the line or make it dashed or dotted. All terminals support at least six different line types. The
‘linewidth‘ is followed by a scaling factor for the line width. The line width is ‘linewidth‘ multiplied by the
default width. Typically the default width is one pixel.

If no linetype is specified for the minor gridlines, the same linetype as the major gridlines is used.

If "front™" is given, the grid is drawn on top of the graphed data. If "back" is given, the grid is drawn
underneath the graphed data. Using "front" will prevent the grid from being obscured by dense data.
The default setup, "layerdefault™", is equivalent to "back" for 2d plots. In 3D plots the default is to
split up the grid and the graph box into two layers: one behind, the other in front of the plotted data and
functions.

For 3D plot, Z grid lines are drawn on the bottom of the plot.

Example 1
Compare with the output for the example in CPlot::axisRange().

/* File: grid.ch */
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];
int i;

class CPlot plot;

lindata (0, 360, x);

y = sin(x*M_PI/180); // Y—axis data.
plot.axisRange (PLOT_AXIS_X, -30, 390);

plot.ticsRange (PLOT_AXIS_X, 30, -30, 390);

plot.axisRange (PLOT_AXIS_Y, -1, 1);

plot.ticsRange (PLOT_AXIS_Y, .25, -1, 1);

plot.grid (PLOT_ON) ;

plot.data2D (x, V);

plot.plotting () ;
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Output
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Example 2
Compare with the output for examples in CPlot::data3D() and CPlot::data3DSurface().

/* File: grid_2.ch */
#include <math.h>
#include <chplot.h>

int main() {
double x[20], y[30], z[600];
int 1, 3;
class CPlot plot;

lindata (-3, 3, x);
lindata (-4, 4, vy);
for (i=0; i<20; 1i++) {
for (3j=0; 3<30; J++) {
2[30%i+3] = 3% (1-x[i])* (1-x[1]) *exp (- (x[1]1*x[1])—(y[3]1+1) * (y[31+1))
- 10%(x[1]/5 - x[1]*x[i]*x[1]-pow (y[3],5)) *exp (-x[1]*x[1]-y[I1*y[]])
- 1/3xexp (= (x[11+1) » (x[11+41) -y [J1*y[31);
}
}
plot.data3D(x, vy, 2z);
plot.grid (PLOT_ON) ;
plot.plotting();

}

Output
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Example 3

An example with grids for both y and y2 axes on page 24 for CPlot:axes().

Example 4

An example with grids on the front for a filled curve on page [168]for CPlot:plotType().

CPlot::isUsed

Synopsis
#include <chplot.h>
int isUsed();

Purpose
Test if an instance of the CPlot class has been used.

Return Value
Returns t rue if the CPlot instance has been previously used, returns false otherwise.

Parameters
None.

Description

This function determines if an instance of the CPlot class has previously been used. The function actually
tests if data have previously been added to the instance, by checking if an internal pointer in the CPlot class
is NULL. If the pointer is not NULL, then the instance has been used. This function is used internally by
fplotxy(), fplotxyz(), plotxy(), plotxyz(), plotxyf(), and plotxyzf().

See Also
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fplotxy(), fplotxyz(), plotxy(), plotxyz(), plotxyf(), and plotxyzf().

CPlot::label

Synopsis
#include <chplot.h>
void label(int axi s, string_t label);

Purpose
Set the labels for the plot axes.

Return Value
None.

Parameters

axis The axis to be set. Valid values are:

PLOT _AXIS X Select the x axis only.

PLOT _AXIS X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.

PLOT _AXIS_Y2 Select the y2 axis only.
PLOT _AXIS_Z Select the z axis only.

PLOT _AXIS XY Select the x and y axes.
PLOT _AXIS XYZ Select the x, y, and z axes.

label label of the axis.

Description

Set the plot axis labels. The label for the z-axis can be set only for a 3D plot. If no label is desired, the value
of NULL can be used as an argument. For example, functioncall plot .label (PLOT_AXIS_XY, NULL)
will suppress the labels for both x and y axes of the plot. By default, labels are “x”, “y”, and “z” for the first
X, y, and z axes, respectively.

Example
Compare with the output for examples in CPlot::data2D() and CPlot::data2DCurve().

/* File: label.ch x/
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];

string_t xlabel="Degrees",
ylabel="Amplitude";
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class CPlot plot;

lindata (0, 360, x);
y = sin(x+*M_PI/180);
plot.label (PLOT_AXIS_X, xlabel);
plot.label (PLOT_AXIS_Y, ylabel);
plot.data2D (x, V);
plot.plotting();

}

Output
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See Also
CPlot::getLabel(), CPlot::title().
CPlot::getTitle().

400

CPlot::legend

CPlot::legend

Synopsis
#include <chplot.h>
void legend(string_t legend, int num);

Purpose
Specify a legend string for a previously added data set.

Return Value
None.

Parameters

legend The legend string.
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num The data set the legend is added to.

Description

The legend string is added to a plot legend located in the upper-right corner of the plot by default. Number-
ing of the data sets starts with zero. New legends will replace previously specified legends.

This member function shall be called after plotting data have been added by member functions
CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(), CPlot::data3DCurve(),
CPlot::data3DSurface(), CPlot::dataFile().

Bugs
The legend string may not be displayed for a data set with a single point. To suppress the legend string

completely, pass value of " " to the argument 1egend. Use CPlot::text() to add a legend for the data set.
Example
Compare with the output for the example in CPlot::legendLocation().

/* File: legend.ch =/
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints], y2[numpoints];
class CPlot plot;

lindata (0, 360, x);
y = sin(x*M_PI/180);
y2= cos (x*M_PI/180);
plot.data2D (x, Vv);
plot.data2D (x, v2);
plot.legend("sin(x)", 0);
plot.legend("cos(x)", 1);
/+ place legned in location (370, 0.6) inside a box x/
plot.legendOption("370, 0.6 box");
plot.plotting () ;

}

Output
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See Also
CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(), CPlot::data3DCurve(),
CPlot::data3DSurface(), CPlot::dataFile(), CPlot::legendLocation(), CPlot::legendOption().

CPlot::legendLocation

Synopsis
#include <chplot.h>
void legendLocation(double x, double y, ... /* [double z] */);

Syntax
legendLocation(x, y)
legendLocation(x, y, 7)

Purpose
Specify the plot legend (if any) location

Return Value
None.

Parameters

x The x coordinate of the legend.
y The y coordinate of the legend.
z The z coordinate of the legend.

Description

This function specifies the position of the plot legend using plot coordinates. The position specified is the
location of the top right of the box for the markers and labels of the legend, as shown below. By default,
the location of the legend is near the upper-right corner of the plot. For a two-dimensional plot, the third
argument is not necessary.

Legend Position

Legend2 m—m—m
Legend3 e—e—e !

Example
Compare with the output for the example in CPlot::legend().
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/* File: legendLocation.ch =/
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;

array double x[numpoints], y[numpoints], y2[numpoints];

class CPlot plot;

lindata (0, 360, x);
y = sin(x*M_PI/180);
y2= cos (x*M_PI/180)
plot.data2D (x, V);
plot.data2D (x, v2);
plot.legend("sin(x)", 0);
plot.legend("cos(x)", 1);
plot.legendLocation (60, -.5);
plot.plotting () ;

’

}

Output

CPlot::legendOption
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See Also
CPlot::legend(), CPlot::legendOption().
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CPlot::legendOption

Synopsis
#include <chplot.h>
void legendOption(char * option);

Syntax
legendOption(option)
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Purpose
Set options for legends of a plot.

Return Value
None.

Parameters
option The options for legends of a plot.

Description
The optional argument opt ion of string type with the following values can be used to fine tune the legends
of a plot.

{{inside | outside} | {lmargin | rmargin | tmargin | bmargin}

| {at <position>}}
{left | right | center} {top | bottom | center}
{vertical | horizontal} {Left | Right}
{{no}lreverse} {{nolinvert}
{samplen <sample_length>} {spacing <vertical_spacing>}
{width <width_increment>}
{height <height_increment>}
{{noltautotitle {columnheader}}
{{no}box { {linestyle | 1ls <line_style>}
| {linetype | 1t <line_type>}
{linewidth | 1lw <line_width>}}}

Legends are stacked according to ‘vertical or ‘horizontal‘. In the case of ‘vertical‘, the legendskey occupy
as few columns as possible. That is, legends are aligned in a column until running out of vertical space at
which point a new column is started. In the case of ‘horizontal, the legends occupy as few rows as possible.

By default the legends are placed in the upper right inside corner of the graph. The keywords ‘left’,
‘right‘, ‘top‘, ‘bottom°, ‘center‘, ‘inside‘, ‘outside‘, ‘lmargin‘, ‘rmargin‘, ‘tmargin‘, ‘bmargin‘(, ‘above®,
‘over®, ‘below* and ‘under‘) may be used to automatically place the legends in other positions of the graph.
Also an ‘at <positionx>‘ may be given to indicate precisely where the plot should be placed. In this
case, the keywords ‘left’, ‘right*, ‘top‘, ‘bottom* and ‘center* serve an analogous purpose for alignment.

To understand positioning, the best concept is to think of a region, i.e., inside/outside, or one of the
margins. Along with the region, keywords ‘left/center/right* (I/c/r) and ‘top/center/bottom* (t/c/b) control
where within the particular region the legends should be placed.

When in ‘inside‘ mode, the keywords ‘left® (1), ‘right* (r), ‘top‘ (t), ‘bottom* (b), and ‘center* (c) push the
legends out toward the plot boundary as illustrated:

t/1 t/c t/r

c/1 c c/r

b/1 b/c b/r
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When in ‘outside‘ mode, automatic placement is similar to the above illustration, but with respect to the
view, rather than the graph boundary. That is, a border is moved inward to make room for the key outside of
the plotting area, although this may interfere with other labels and may cause an error on some devices. The
particular plot border that is moved depends upon the position described above and the stacking direction.
For options centered in one of the dimensions, there is no ambiguity about which border to move. For the
corners, when the stack direction is ‘vertical‘, the left or right border is moved inward appropriately. When
the stack direction is ‘horizontal®, the top or bottom border is moved inward appropriately.

The margin syntax allows automatic placement of legends regardless of stack direction. When one of
the margins ‘lmargin‘ (Im), ‘rmargin‘ (rm), ‘tmargin‘ (tm), and ‘bmargin‘ (bm) is combined with a single,
non-conflicting direction keyword, the following illustrated positions may contain the legends:

1/tm c¢/tm r/tm

t/1lm t/rm
c/1lm c/rm
b/1lm b/rm

1/bm c¢/bm r/bm

Keywords ‘above‘ and ‘over‘ are synonymous with ‘tmargin‘. For version compatibility, ‘above‘ or ‘over*
without an additional 1/c/r or stack direction keyword uses ‘center‘ and ‘horizontal‘. Keywords ‘below* and
‘under® are synonymous with ‘bmargin‘. For compatibility, ‘below* or ‘under‘ without an additional 1/c/r
or stack direction keyword uses ‘center‘ and ‘horizontal‘. A further compatibility issue is that ‘outside*
appearing without an additional t/b/c or stack direction keyword uses ‘top‘, ‘right‘ and ‘vertical® (i.e., the
same as t/rm above).

The <position> can be a simple X,y,z as in previous versions, but these can be preceded by one of
five keywords (‘first, ‘second, ‘graph‘, ‘screen‘, ‘character‘) which selects the coordinate system in which
the position of the first sample line is specified. See ‘coordinates® for more details. The effect of ‘left,
‘right‘, ‘top‘, ‘bottom°, and ‘center‘ when <position> is given is to align the legends as though it were
text positioned using the label command, i.e., ‘left’ means left align with key to the right of jposition;, etc.

Justification of the labels within the key is controlled by ‘Left® or ‘Right‘ (default is ‘Right‘). The text
and sample can be reversed (‘reverse‘) and a box can be drawn around the legend (*box {...} ") ina
specified ‘linetype‘ and ‘linewidth‘. Note that not all terminal drivers support linewidth selection, though.

By default the first plot label is at the top of the legends and successive labels are entered below it. The
‘invert* option causes the first label to be placed at the bottom of the legends, with successive labels entered
above it. This option is useful to force the vertical ordering of labels in the legends to match the order of
box types in a stacked histogram.

The length of the sample line can be controlled by ‘samplen‘. The sample length is computed as the sum
of the tic length and <sample_length> times the character width. ‘samplen‘ also affects the positions
of point samples in the legends since these are drawn at the midpoint of the sample line, even if the sample
line itself is not drawn.
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The vertical spacing between lines is controlled by ‘spacing‘. The spacing is set equal to the product
of the pointsize, the vertical tic size, and <vertical_spacing>. The program will guarantee that the
vertical spacing is no smaller than the character height.

The <width_increment> is a number of character widths to be added to or subtracted from the length
of the string. This is useful only when you are putting a box around the legends and you are using control
characters in the text. CPlot class simply counts the number of characters in the string when computing the
box width; this allows you to correct it.

The <height_increment> is a number of character heights to be added to or subtracted from the
height of the key box. This is useful mainly when you are putting a box around the legends, otherwise it can
be used to adjust the vertical shift of automatically chosen legend position by <height_increment>/2.

The defaults for legends are ‘on°, ‘right‘, ‘top°‘, ‘vertical®, ‘Right‘, ‘noreverse‘, ‘noinvert‘, ‘samplen 4°,
‘spacing 1.25°, and ‘nobox‘. The default <1inetype> is the same as that used for the plot borders.

The legends are drawn as a sequence of lines, with one plot described on each line. On the right-hand
side (or the left-hand side, if ‘reverse’ is selected) of each line is a representation that attempts to mimic the
way the curve is plotted. On the other side of each line is the text description (the line title), obtained from
the member function CPlot::legend(). The lines are vertically arranged so that an imaginary straight line
divides the left- and right-hand sides of the key. It is the coordinates of the top of this line that are specified
in the argument of option or member function CPlot::legendLocation(). For a 2D plot, only the x and
y coordinates are used to specify the line position. For a 3D plot, X, y and z are all used as a 3-d location
mapped using the same mapping as the graph itself to form the required 2-d screen position of the imaginary
line.

When using the TeX or PostScript drivers, or similar drivers where formatting information is embedded
in the string, CPlot class is unable to calculate correctly the width of the string for the legend positioning. If
the legends are to be positioned at the left, it may be convenient to use the combination ‘left Left reverse®.
The box and gap in the grid will be the width of the literal string.

For a 3D contour, the contour labels will be listed in the legends.

Examples:
This places the legends at coordinates 2,3.5,2 in the default (first) coordinate system:

plot.legendOption("2,3.5,2");
This places the legends below the graph:
plot.legendOption ("below") ;

This places the legends in the bottom left corner, left-justifies the text, and draws a box around it in
linetype 3:

plot.legendOption("left bottom Left box 3");

Examples
See three examples on pages[164] [165] and for CPlot:plotType().
See Also

CPlot::legend(), CPlot::legendLocation().
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CPlot::line

Synopsis
#include <chplot.h>
int line(double x/, double y/, ... /* double x2, double y2; double z/, double x2, double y2, double z2 */);

Syntax in Ch
line(x1, y1, x2, y2);
line(x/, y1, z1, x2, y2, z2);

Purpose
Add a line to a plot.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

xI The x coordinate of the first endpoint of the line.

vyl The y coordinate of the first endpoint of the line.

zI The z coordinate of the first endpoint of the line. This argument is ignored for 2D plots.
x2 The x coordinate of the second endpoint of the line.

y2 The y coordinate of the second endpoint of the line.

z2 The z coordinate of the second endpoint of the line. This argument is ignored for 2D plots.

Description

This function adds a line to a plot. It is a convenience function for creation of geometric primitives. A line
added with this function is counted as a data set for later calls to CPlot::legend() and CPlot::plotType().
For 2D rectangular and 3D cartesian plots, (x/, yI, zI) and (x2, y2, z2) are the coordinates of the endpoints
of the line, specified in units of the X, y, and z axes. However, for 2D plots, z/ and z2 are ignored. For 2D
polar and 3D cylindrical plots, the endpoints are specified in polar coordinates where x is 0, y is r, and z is
unchanged. Again, for 2D plots, z/ and z2 are ignored. For 3D plots with spherical coordinates x is 6, y is ¢
and zisr.

Example 1

/+* File: line.ch =/
#include <chplot.h>

int main () {

double x1 =1, yl =1, x2 = 3, y2 = 4;
class CPlot plot;
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plot.line(x1, y1l, x2, y2);
plot.sizeRatio(-1);

plot.axisRange (PLOT_AXIS_XY, 0, 5);
plot.plotting();

Output

Example 2

/* File: line_2.ch %/
#include <chplot.h>
#include <math.h>

int main () {
double thetal = 30, theta2 = 60, rl =1, r2 = 3;
class CPlot plot;

plot.grid (PLOT_ON) ;

plot.polarPlot (PLOT_ANGLE_DEG) ;
plot.line(thetal, rl, theta2, r2);
plot.plotType (PLOT_PLOTTYPE_LINES, 0);
plot.lineType (0, 1, 3);
plot.sizeRatio(-1);

plot.axisRange (PLOT_AXIS_XY, -1, 4);
plot.plotting();

Output

120



20:20000 300000 <chplot.h> CPlot::lineType

3

L

See Also

CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(), CPlot::data3DCurve(),
CPlot::data3DSurface(), CPlot::circle(), CPlot::outputType(), CPlot::plotType(), CPlot::point(),
CPlot::polygon(), CPlot::rectangle().

CPlot::lineType

Synopsis
#include <chplot.h>
void lineType(int num, int line_type, int line_width], ... /* [char line_color] */);

Syntax
lineType(num, line_type, line_width)
lineType(num, line_type, line_width, line_color)

Purpose
Set the line type, width, and color for lines, impulses, steps, etc.

Return Value
None.

Parameters

num The data set to which the line type, width, and color apply.

line_type An integer index representing the line type for drawing. Use the same value for different curves
so that each curve with the same style, and same color by default.

line_width A scaling factor for the line width. The line width is line_width multiplied by the default width.
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line_color color for the line.

Description
Set the desired line type, width, and color for a previously added data set.

Numbering of the data sets starts with zero. The line style and/or marker type for the plot are selected
automatically. The default line type, width, and color can be changed by this member function.

The line_type specifies an index for the line type used for drawing the line. The line type varies depending
on the terminal type used (see CPlot::outputType). Typically, changing the line type will change the color
of the line or make it dashed or dotted. All terminals support at least six different line types. By default, the
line type is 1. The line_width specifies the line width. The line width is line_width multiplied by the default
width. Typically the default width is one pixel.

The optional fourth argument line_type specifies the color of a line by a color name or RGB value, such
as "blue" or "#0000££" for color blue. The default line type, width, and color can be changed by the
function call

plot.lineType (num, linetype, linewidth, "blue");

The color of the line is specified as blue in this example. The valid color names and their corresponding
GRB values are listed below.

Color Name Hexadecimal R G B
values
white #ffffff = 255 255 255
black #000000 = 0 0 0
gray0 #000000 = 0 0 0
grey0 #000000 = 0 0 0
grayl0 #lalala = 26 26 26
greyl0 #lalala = 26 26 26
gray20 #333333 = 51 51 51
grey20 #333333 = 51 51 51
gray30 #4d4dad = 77 77 77
grey30 #4d4dad = 77 77 77
gray40 #666666 = 102 102 102
grey40 #666666 = 102 102 102
gray50 $TETETE = 127 127 127
grey50 #7£7£7f = 127 127 127
gray60 #999999 = 153 153 153
grey60 #999999 = 153 153 153
gray70 #b3b3b3 = 179 179 179
grey70 #b3b3b3 = 179 179 179
gray80 fccccce = 204 204 204
grey80 #cccecece = 204 204 204
gray90 #ebebeb5 = 229 229 229
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grey90 #ebebeb5 = 229 229 229
grayl00 #ffffff = 255 255 255
greyl00 #ffffff = 255 255 255
gray #bebebe = 190 190 190
grey #bebebe = 190 190 190
light-gray #d3d3d3 = 211 211 211
light-grey #d3d3d3 = 211 211 211
dark—-gray #a29%9a9%9a9 = 169 169 169
dark-grey #a9%9a9%a9 = 169 169 169
red #££0000 = 255 0 0
light-red #£03232 = 240 50 50
dark-red #8b0000 = 139 0 0
yellow #£f£f££00 = 255 255 0
light-yellow #ffffe0 = 255 255 224
dark-yellow #c8c800 = 200 200 0
green #00££00 = 0 255 0
light-green #90ee90 = 144 238 144
dark—-green #006400 = 0 100 0
spring—-green #00f£7f = 0 255 127
forest—-green #228pb22 = 34 139 34
sea—-green #2e8b57 = 46 139 87
blue #0000ff = 0 0 255
light-blue #add8e6 = 173 216 230
dark-blue #00008b = 0 0 139
midnight-blue #191970 = 25 25 112
navy #000080 = 0 0 128
medium-blue #0000cd = 0 0 205
royalblue #4169el = 65 105 225
skyblue #87ceeb = 135 206 235
cyan #00ffff = 0 255 255
light-cyan #eOffff = 224 255 255
dark-cyan #008b8b = 0 139 139
magenta #££f00ff = 255 0 255
light-magenta #£055f0 = 240 85 240
dark-magenta #8b008b = 139 0 139
turquoise #40e0d0 = 64 224 208
light-turquoise #afeeee = 175 238 238
dark-turquoise #00cedl = 0 206 209
pink #ffcOcb = 255 192 203
light-pink #ffbb6cl = 255 182 193
dark-pink #££1493 = 255 20 147
coral #££7£50 = 255 127 80
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light-coral #£08080 = 240 128 128
orange-red #££4500 = 255 69 0
salmon #fa8072 = 250 128 114
light-salmon #ffa07a = 255 160 122
dark-salmon #e9967a = 233 150 122
aquamarine #7fffd4d = 127 255 212
khaki #f0e68c = 240 230 140
dark-khaki #bdb76b = 189 183 107
goldenrod #daab520 = 218 165 32
light-goldenrod #eedd82 = 238 221 130
dark-goldenrod #b8860b = 184 134 11
gold #££4700 = 255 215 0
beige #£f5f5dc = 245 245 220
brown #ab2a2a = 165 42 42
orange #££fa500 = 255 165 0
dark—-orange #££8c00 = 255 140 0
violet #eeB82ee = 238 130 238
dark-violet #9400d3 = 148 0 211
plum #ddal0dd = 221 160 221
purple #a020f0 = 160 32 240
Example 1

/* File: lineType.ch =/
#include <math.h>
#include <chplot.h>

int main() {
array double x[36], yI[36];
int line_type = 1, line_width = 4, datasetnum = 0;
CPlot plot;

lindata (-M_PI, M_PI, x);

y = sin(x);

plot.data2D (x, V);

plot.plotType (PLOT_PLOTTYPE_LINES, datasetnum);
plot.lineType (datasetnum, line_type, line_width, "red");
plot.legend("red line for sin(x)", datasetnum);

y = sin(x)+1;

plot.data2D (x, V);

plot.plotType (PLOT_PLOTTYPE_LINES, ++datasetnum);
plot.lineType (datasetnum, line_type, line_width, "green");
plot.legend("green line for sin(x)+1", datasetnum);

y = sin(x)+2;

plot.data2D (x, V);

plot.plotType (PLOT_PLOTTYPE_LINES, ++datasetnum);
plot.lineType (datasetnum, line_type, line_width, "blue");
plot.legend ("blue line for sin(x)+2", datasetnum);

plot.axisRange (PLOT_AXIS_X, -4, 6);
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plot.plotting () ;
}

Output

25

15

05

red line for sin(x)
green line for sin(x)+1
blue line for sin(x)+2

05 |

See Also
CPlot::plotType(), CPlot::pointType().

CPlot::margins

CPlot::margins

Synopsis
#include <chplot.h>
void margins(double /eft, double right, double rop, double bottom);

Purpose
Set the size of the margins around the edge of the plot.

Return Value
None.

Parameters

left The size of the left margin in character width.
right The size of the right margin in character width.
top The size of the top margin in character height.

bottom The size of the bottom margin in character height.
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Description
By default, the plot margins are calculated automatically. They can be set manually with this function.
Specifying a negative value for a margin causes the default value to be used.

Example
Compare with the output for examples in CPlot::data2D() and CPlot::data2DCurve().

/* File: margins.ch =*/
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];
class CPlot plot;

lindata (0, 360, x);
y = sin(x*M_PI/180);
plot.data2D (x, V);
plot.margins (15, 10, 5, 7);
plot.title("With margins");
plot.plotting();

}

Output
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See Also

CPlot::borderOffsets().

CPlot::mathCoord

Synopsis
#include <chplot.h>
void mathCoord();
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Purpose
Set proper attributes for math coordinates.

Return Value
None.

Parameters
None.

Description
This function sets proper attributes for math coordinates.

The plot uses solid lines in the black color for x and y axes. The plot will have grids, but no board
and no tics on mirror. The plot uses enhanced text with math symbols, such as <, >, and 7, for for all texts
including title, label, legend, and text in the plot. See CPlot::enhanceText() section for detailed information
about enhanced text for math symbols. The function calls the following member functions internally.

// use solid lines for x-y axies

lineType=1; lineWidth=2;

plot.axis (PLOT_AXIS_XY, lineType, lineWidth, "black");
plot.border (PLOT_BORDER_ALL, PLOT_OFF) ; // no border
plot.ticsMirror (PLOT_AXIS_XY, PLOT_OFF); // no tics on mirror
plot.grid (PLOT_ON, "front"); // turn grids on

plot.enhanceText () ; // use enhanced text

In addition, if CPlot::plotType() has been called with PLOT_PLOTTYPE_FILLEDCURVE multiple
times for filled curves, such as

plot.plotType (PLOT_PLOTTYPE_FILLEDCURVES, num, "y1=20", "blue");
CPlot::mathCoord() calls
plot.fillStyle (num, PLOT_FILLSTYLE_TRANSPARENT_SOLID, 0.6);

to fill each area with the transparent solid color.
The apperance of the plot, set by CPlot::mathCoord(), can be changed or overwritten by calling member
functions.

This function is useful for beginners to learn math using CPlot.
Example 1

/* File: mathCoord.ch =*/
#include <math.h>
#include <chplot.h>
#include <numeric.h>

int main () {
int numpoints = 36;
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array double x[numpoints], y[numpoints];
class CPlot plot;

lindata (=180, 180, x);
y = sin(x*M_PI/180);
plot.mathCoord();
plot.data2D (x, V);
plot.plotting();

Output
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Example 2

/+* File: mathCoord_2.ch
Plotting the inequality y < 8x+40 and y < 10x+30 for x from 0O to 16. */
#include <chplot.h> /x for CPlot =/

double func(double x) {
double vy;
y = 8 * x + 40;
return y;

double func2 (double x) {
double vy;
y = 10 » x + 30;
return y;

int main() {
CPlot plot;
int num = 0;

plot.mathCoord() ;

plot.title("y < 8x+40 and y < 10x+30");
plot.label (PLOT_AXIS_X, "x");
plot.label (PLOT_AXIS_Y, "y");
plot.axisRange (PLOT_AXIS_Y, 20, 200);
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plot.func2D (0, 16, 500, func);
plot.plotType (PLOT_PLOTTYPE_FILLEDCURVES, num, "y1=20", "blue");

plot.func2D (0, 16, 500, func2);

num++;

plot.plotType (PLOT_PLOTTYPE_FILLEDCURVES, num, "y1=20", "yellow");
plot.plotting();

return 0;

}

Output: The output is similar to that from the program mathCoord._2.cpp described in
CPlot: fillStyle() on page

See Also
CPlot::axis(), CPlot::border(), CPlot::enhanceText(), CPlot::fillStyle(), CPlot::grid(),
CPlot::plotType(), CPlot::ticsMirror().

CPlot::origin

Synopsis
#include <chplot.h>
void origin(double x_orig, double y_orig);

Purpose
Set the location of the origin for the drawing of the plot.

Return Value
None.

Parameters
x_orig The x coordinate of the origin for the drawing of the plot.

y_orig The y coordinate of the origin for the drawing of the plot.

Description

This function specifies the location of the origin for the drawing of the plot. This is the location of the bottom
left corner of the bounding box of the plot, not the location of the origin of the plot coordinate system. The
values x_org and y_org are specified as numbers between 0 and 1, where (0,0) is the bottom left of the plot
area (the plot window) and (1,1) is the top right. This function is used internally by method CPlot::subplot()
in conjunction with method CPlot::size().

See Also
CPlot::getSubplot(), CPlot::size(), CPlot::subplot().

CPlot::outputType
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Synopsis
#include <chplot.h>

void outputType(int outputtype, ... /* [string_t terminal, string_t filename] */ );

Syntax
outputType(outputtype)

outputType(PLOT_OUTPUTTYPE _DISPLAY)
outputType(PLOT_OUTPUTTYPE _STREAM, terminal)
outputType(PLOT_OUTPUTTYPE FILE, terminal, filename)

Purpose
Set the output type for a plot.

Return Value
None.

Parameters

outputtype This can have any of the following values:

CPlot::.outputType

PLOT_OUTPUTTYPE_DISPLAY Display the plot on the screen. The plot is displayed in its own
separate window. A plot window can be closed by pressing the ‘q” key in the X-Windows

system.

PLOT_OUTPUTTYPE_STREAM Output the plot as a standard output stream. This output type is
useful for CGI (Common Gateway Interface) when a Ch program is used as CGI script in a Web

SErver.

PLOT_OUTPUTTYPE FILE Output the plot to a file in one of a variety of formats. If this output
option is selected two additional arguments are necessary: the terminal type and filename.

terminal Supported terminal types when gnuplot is used as a plotting engine are as follow:

Terminal Description

aifm Adobe Illustrator 3.0.

corel EPS format for CoreIDRAW.

dxf AutoCAD DXF.

dxy800a Roland DXYS800A plotter.

eepic Extended IKTEXpicture.

emtex IATXpicture with emTeX specials.

epson-180dpi
epson-60dpi

Epson LQ-style 24-pin printer with 180dpi.
Epson LQ-style 24-pin printers with 60dpi.
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epson-1x800
excl

fig

gif

gpic
hp2648
hp500c
hpdj

hpgl
hpljii
hppj
latex

mf

mif
nec-cp6
okidata
pcls

pbm

pdf

png
postscript
pslatex
pstricks
starc
tandy-60dpi
texdraw
tgif

tpic

Epson LX-800, Star NL-10 and NX-100.
Talaris printers.

Xfig 3.1.

GIF file format.

gpic/groff package.

Hewlett Packard HP2647 an HP2648.
Hewlett Packard DeskJet 500c.
Hewlett Packard DeskJet 500.

HPGL output.

HP LaserJet II.

HP PaintJet and HP3630 printers.
IXTXpicture.

MetaFont.

Frame Maker MIF 3.00.

NEC CP6 and Epson LQ-800.

9-pin OKIDATA 320/321 printers.
Hewlett Packard LaserJet III.
Portable BitMap.

PDF file.

Portable Network Graphics.
Postscript.

IATEX picture with postscript specials.
IXTpXpicture with PSTricks macros.
Star Color Printer.

Tandy DMP-130 series printers.
IXTpXtexdraw format.

TGIF X-Window drawing format.
IATEXpicture with tpic specials.

aifm Output an Adobe Illustrator 3.0 file. The format for the terminal string is:

"aifm

[colormode] [\"fontname\"] [fontsize]"

colormode can be color or monochrome.

fontname is the name of a valid PostScript font.

fontsize is the size of the font in points.

Defaults are monochrome, "Helvetica" and 14pt.

Example: plot . output Type (PLOT_OUTPUTTYPE FILE,
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corel Output EPS format for CoreDRAW.

Example: plot.outputType (PLOT_-OUTPUTTYPE FILE, "corel", "plot.eps");

dxf Output AutoCAD DXEF file.

Example: plot .output Type (PLOT_-OUTPUTTYPE_FILE, "dxf", "plot.dxf");

dxy800a Output file for Roland DXY800A plotter.

Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "dxy800a", "plot.dxy");

eepic Output extended IATEXpicture.

Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "eepic", "plot.tex");

emtex Output ISTEXpicture with emTeX specials.

Example: plot.outputType (PLOT_OUTPUTTYPE.FILE, "emtex", "plot.tex");

epson-180dpi Epson LQ-style 24-pin printers with 180dpi.

Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "epson-180dpi", "plot");

epson—-60dpi Epson LQ-style 24-pin printers with 60dpi.

Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "epson-60dpi", "plot");

epson-1x800 Epson LX-800, Star NL-10 and NX-100.

Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "epson—-1x800", "plot");

excl Talaris printers such as EXCL Laser printer and 1590.

Example: plot.outputType (PLOT_-OUTPUTTYPE FILE, "excl", "plot");

fig Xfig 3.1 file. The format for the ferminal string is:
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"fig [colormode] [size] [pointsmax num_points] [orientation]
[units] [fontsize fntsize] [size xsize ysize] [thickness width]
[depth layer]"

colormode can be monochrome or color

sizecanbe small orbig

num_points is the maximum number of points per polyline.

orientation can be landscape or portrait. units can be metric or inches.
fontsize is the size of the text font in points. Must be preceded by the font size keyword.
xsize and ysize set the size of the drawing area. Must be preceded by the size keyword.
width is the line thickness. Must be preceded by the t hickness keyword.

layer is the line depth. Must be preceded by the depth keyword.

Default values are: monochrome small pointsmax 1000 landscape inches
fontsize 10 thickness 1 depth 10.

Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "fig color big",
"plot.fig");

gif GIF file format. The format for the terminal string is:

"gif [transparent] [interlace] [font_size] [size x,V]

[color0O colorl color2 ...]

Specifying the t ransparent keyword will generate a transparent GIF. By default, white is

the transparent color.

Specifying the interlace key word will generate an interlaced GIF.

font_sizeis small (6x12 pixels), medium (7x13 pixels), or Large (8x16 pixels).

x and y are the image size in pixels. Must be preceded by the size keyword.

colors are specified in the format ”xrrggbb” where x is the character ”x”” and “’rrggbb” are the
RGB components of the color in hexadecimal. A maximum of 256 colors can be set. If the GIF

is transparent, the first color is used as the transparent color.
The default values are: small size 640,480

Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "gif size 1024,768",
"plot.gif");

gpic Output for use with the Free Software Foundation gpic/groff p package. The format for the

terminal string is:
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"gpiC [X] [y]u

where x and y are the location of the origin. Default is (0,0).

Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "gpic 5 5", "plot.gpic");

hp2633a Hewlett Packard HP2623A.

Example: plot.outputType (PLOT_-OUTPUTTYPE_FILE, "hp2633a", "plot");

hp2648 Hewlett Packard HP2647 an HP2648.

Example: plot .outputType (PLOT_OUTPUTTYPE FILE, "hp2648", "plot");

hp500c Hewlett Packard DeskJet 500c. The format for the terminal string is:

"hp500c [resolution] [compression]"
resolutioncanbe 75,100, 150, or 300 dpi.
compressioncanbe rleor tiff.

Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "hp500c 100 tiff",
"plot ") ,.
"hpdj: Hewlett Packard DeskJet 500. The format for the terminal string is:
"hp500c [resolution]"

resolutioncanbe 75,100, 150, or 300 dpi. Default is 75.

Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "hpdj 100", "plot");

hpgl Produces HPGL output for devices such as the HP7475A plotter. The format for the terminal
string is:

"hpgl [num.of pens] [eject]"

num_of_pens is the number of available pens. The default is 6.
eject is a keyword that tells the plotter to eject a page when done.
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Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "hpgl 4", "plot");

hpljii HP LaserJetII
Example: plot .output Type (PLOT_OUTPUTTYPE_FILE, "hpljii", "plot");
item[hpp j] HP PaintJet and HP3630 printers. The format for the ferminal string is:
"hppj [font]"
font can be FNT5X9, FNT9x17, or FNT13X25. Defaultis FNT9x17.

Example: plot . outputType (PLOT_-OUTPUTTYPE_FILE, "hppj FNT5X9", "plot");

latex Output a ISIgXpicture. The format of the ferminal string is:

"latex [font] [size]l"

where font can be courier or roman and size can be any point size. Default is roman

10pt.
Example: plot.outputType (PLOT_.OUTPUTTYPE FILE, "latex", "plot.tex");
mf Output file for the MetaFont program.
Example: plot.outputType (PLOT_OUTPUTTYPE.FILE, "mf", "plot.mf");
mif Output Frame Maker MIF file format version 3.00. The format of the ferminal string is:
"mif pentype curvetype"
pentype can be: colour or monochrome.

curvetype can be:

polyline curves drawn as continuous lines

vectors curves drawn as a collection of vectors

Example: plot.outputType (PLOT_-OUTPUTTYPE FILE, "mif colour vectors",
"plot.mif");
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nec—cp6 Generic 24-pin printer such as NEC CP6 and Epson LQ-800.

The format for the terminal string is:

"nec-cpb6ba [option]

option can be monochrome, colour, or draft.

CPlot::.outputType

Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "nec-cp6a draft", "plot");

okidata 9-pin OKIDATA 320/321 printers.

Example: plot .outputType (PLOT_OUTPUTTYPE_FILE, "okidata",

"plot") ;

pcl5 Hewlett Packard LaserJet III. This actually produces HPGL-2. The format of the terminal

string is:

"pcl5 [mode] [font] [fontsize]"

mode is landscape or portrait.
fontis stick, univers, or cg_times.

fontsize is the font size in points.

Example: plot.outputType (PLOT_OUTPUTTYPE_FILE, "pcl5 landscape", "plot");

pbm Output a Portable BitMap. The format for the terminal string is:

"pbm [fontsize] [colormode]"

fontsizeis small, medium,or large.

colormode is monochrome, gray, or color.

Example:

plot.outputType (PLOT_OUTPUTTYPE_FILE, "pbm medium gray",

"plot.pbm") ;

png Portable Network Graphics format. The format of the terminal string is:

"ong [fontsize]"
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fontsize canbe small, medium, or large.

Default is small and monochrome with the output size of 640x480 pixel. Use member func-
tion CPlot::size() to change the size of the plot.

Example:
plot.outputType (PLOT_-OUTPUTTYPE_FILE, "png", "plot.png");

postscript This produces a postscript file. The format for the terminal string is:
"postscript [mode] [colormode] [dash] [\"fontname\" ] [fontsize]"

mode can be landscape, portrait, eps, ordefault
colormode can be color or monochrome.

dash canbe solid or dashed.

fontname is the name of a valid PostScript font.
fontsize is the size of the font in points.

The default mode is landscape, monochrome, dashed, "Helvetica", 14pt.
Example: plot.outputType (PLOT_-OUTPUTTYPE FILE, "postscript eps \"Times\"
11", "plot.eps");
pslatex Output IXEXpicture with postscript specials.
Example: plot.outputType (PLOT_.OUTPUTTYPE FILE, "pslatex", "plot.tex");
pstricks Output IAEXpicture with PSTricks macros.
Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "pstricks", "plot.tex");
starc Star Color Printer.
Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "starc", "plot");
tandy-60dpi Tandy DMP-130 series printers.

Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "tandy-60dpi", "plot");

texdraw Output IXIgXtexdraw format.
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Example: plot.outputType (PLOT_OUTPUTTYPE FILE, "texdraw", "plot.tex");

tgif Output TGIF X-Window drawing format.

Example: plot.outputType (PLOT_-OUTPUTTYPE FILE, "tgif", "plot.tgif");

tpic Output KEXpicture with tpic specials.

Example: plot.outputType (PLOT_.OUTPUTTYPE FILE, "tpic", "plot.tex");

filename The filename the plot is saved to. On machines that support popen () functions, the output can
also be piped to another program by placing the * | * character in front of the command name and using
it as the filename. For example, on Unix systems, setting terminal to “postscript” and filename
to “| 1p” could be used to send a plot directly to a postscript printer.

Description

This function is used to display a plot on the screen, save a plot to a file, or generate a plot to the stdout stream
in GIF format for use on the World Wide Web. By default, the output type is
PLOT_OUTPUTTYPE_DISPLAY.

Example 1

/* File: outputType.ch =/

/* a plot is created in postscript file plot.eps =*/
#include <math.h>

#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];
string_t title="Sine Wave", // Define labels.

xlabel="Degrees",
ylabel="Amplitude";
class CPlot plot;

lindata (0, 360, x);
y = sin(xx*M_PI/180); // Y—-axis data.
plot.title(title);
plot.label (PLOT_AXIS_X, xlabel);
plot.label (PLOT_AXIS_Y, ylabel);
plot.data2D (x, V);
plot.outputType (PLOT_OUTPUTTYPE_FILE, "postscript eps color", "plot.eps");
plot.plotting () ;
}

Output
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Example 2

/* File: outputType_2.ch =/
/* In this example, the plot is saved as an xfig file first.
Next the xfig program is invoked. The plot can then be edited using xfig in Unix =/
#include <math.h>
#include <chplot.h>

int main () {
double x[20], y[30], z[600];
int i, 3;
class CPlot plot;

lindata (-3, 3, x);
lindata (-4, 4, v);
for (i=0; i<20; 1i++) {
for (J=0; J<30; j++) {
z[30x1i+3] = 3x(1l-x[1])*(1-x[i])*exp (= (x[1]1*x[1])—-(y[J1+1)*(y[Jl1+1))
- 10%(x[11/5 - x[il*x[i]*x[1]-pow(y[]],5))*exp (-x[1]*x[i]-y[J1*y[3])
- 1/3%exp (= (x[11+1) * (x[11+1) -y [J1*y[31);
}
plot.data3D(x, y, z);
plot.outputType (PLOT_OUTPUTTYPE_FILE, "fig color", "../output/outputType_2.fig");
plot.plotting();

xfig ../output/outputType_2.figs&

Output
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Example 3

To run this code as a CGI program in a Web server, place outputType.ch in your cgi-bin directory. If
you place outputType.ch in a different directory, change /cgi-bin to specify the correct location. In your
Web browser, open the html file.

#!/bin/ch

/* This flle is called outputType.ch, a plot is created in png format =/
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];
string_t title="Sine Wave",
xlabel="Degrees",
ylabel="Amplitude";
class CPlot plot;

lindata (0, 360, x);
y = sin(x+*M_PI/180);
setbuf (stdout, NULL);
printf ("Content-type: image/png\n\n");
plot.title(title);
plot.label (PLOT_AXIS_X, xlabel);
plot.label (PLOT_AXIS_Y, ylabel);
plot.data2D (x, Vy);
plot.outputType (PLOT_OUTPUTTYPE_STREAM, "png color");
plot.plotting();

}

outputType.html

<! this file is called outputType.html >
<html>

<head>

<title>

Example Plot

</title>

</head>
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<img src="/cgi-bin/outputType.ch">

</html>

CPlot::.outputType

CPlot::plotType

Synopsis
#include <chplot.h>
void plotType(int plot_type, int num, ... /* [char option] ]| */);

Obsolete Synopsis

#include <chplot.h>

void plotType(int plot_type, int num, ... /* [ [int line_type, int line_width],
[int point_type, int point_size], [char option] ] */);

Syntax

plotType(PLOT _PLOTTYPE_LINES, num)
plotType(PLOT _PLOTTYPE_IMPULSES, num)
plotType(PLOT _PLOTTYPE _FSTEPS, num)
plotType(PLOT _PLOTTYPE_HISTEPS, num)
plotType(PLOT _PLOTTYPE_POINTS, num)
plotType(PLOT _PLOTTYPE_LINESPOINTS, num)
plotType([PLOT _PLOTTYPE_STEPS, num)
plotType(PLOT _PLOTTYPE_DOTS, num)
plotType(PLOT PLOTTYPE _DOTS, num, dot_type)
plotType(PLOT_PLOTTYPE_SURFACES, num)
plotType(PLOT _PLOTTYPE_FINANCEBARS, num)
plotType(PLOT _PLOTTYPE BOXES, num)
plotType(PLOT_PLOTTYPE_BOXERRORBARS, num)
plotType(PLOT _PLOTTYPE_BOXXYERRORBARS, num)
plotType(PLOT _PLOTTYPE_XERRORBARS, num)
plotType(PLOT_PLOTTYPE_XYERRORBARS, num)
plotType(PLOT _PLOTTYPE_YERRORBARS, num)
plotType(PLOT _PLOTTYPE_XERRORLINES, num)
plotType(PLOT_PLOTTYPE_XYERRORLINES, num)
plotType(PLOT _PLOTTYPE_YERRORLINES, num)
plotType(PLOT_PLOTTYPE_VECTORS, num)
plotType(PLOT_PLOTTYPE_VECTORS, num, option)
plotType(PLOT _PLOTTYPE_CANDLESTICKS, num)
plotType(PLOT_PLOTTYPE_CANDLESTICKS, num, option)
plotType(PLOT _PLOTTYPE_FILLEDCURVES, num)
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plotType(PLOT_PLOTTYPE_FILLEDCURVES, num, option)
plotType(PLOT _PLOTTYPE_FILLEDCURVES, num, option, char color)

Obsolete Syntax

plotType(PLOT_PLOTTYPE_LINES, num, line_type, line_width)
plotType(PLOT _PLOTTYPE _IMPULSES, num, line_type, line_width)
plotType([PLOT_PLOTTYPE_STEPS, num, line_type, line_width)
plotType(PLOT _PLOTTYPE _FSTEPS, num, line_type, line_width)
plotType(PLOT _PLOTTYPE _HISTEPS, num, line_type, line_width)
plotType(PLOT_PLOTTYPE_POINTS, num, point_type, point_size)
plotType(PLOT_PLOTTYPE_LINESPOINTS, num, line_type, line_width, point_type, point_size)
plotType(PLOT _PLOTTYPE _FINANCEBARS, num, line_type, line_width)
plotType(PLOT_PLOTTYPE _BOXES, num, line_type, line_width)
plotType(PLOT_PLOTTYPE_BOXERRORBARS, num, line_type, line_width)
plotType(PLOT _PLOTTYPE BOXXYERRORBARS, num, line_type, line_width)
plotType(PLOT_PLOTTYPE_XERRORBARS, num, line_type, line_width)
plotType(PLOT_PLOTTYPE_XYERRORBARS, num, line_type, line_width)
plotType(PLOT_PLOTTYPE_YERRORBARS, num, line_type, line_width)
plotType(PLOT_PLOTTYPE_XERRORLINES, num, line_type, line_width)
plotType(PLOT_PLOTTYPE_XYERRORLINES, num, line_type, line_width)
plotType(PLOT _PLOTTYPE_YERRORLINES, num, line_type, line_width)

Use

lineType(num, line_type, line_width)
lineType(num, line_type, line_width, line_color)
pointType(num, pint_type, point_size)
pointType(num, point_type, point_size, point_color)

Purpose
Set the plot type for a data set.

Return Value
None.

Parameters

plot_type The plot type. Valid values are:

PLOT_PLOTTYPE_LINES Data points are connected with a line. This is the default for 2D plots.
When this plot type used for 3D plot, the surface is meshed with wire frames.

PLOT_PLOTTYPE_IMPULSES Display vertical lines from the x-axis (for 2D plots) or the xy
plane (for 3D plots) to the data points.
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PLOT PLOTTYPE_STEPS Adjacent points are connected with two line segments, one from (x1,y1)
to (x2,y1), and a second from (x2,y1) to (x2,y2). This type is available only for 2D plots.

PLOT_PLOTTYPE_FSTEPS Adjacent points are connected with two line segments, one from (x1,y1)
to (x1,y2), and a second from (x1,y2) to (x2,y2). This type is available only for 2D plots.

PLOT_PLOTTYPE _HISTEPS This type is intended for plotting histograms. The point x1 is repre-
sented by a horizontal line from ((x0+x1)/2,y1) to ((x1+x2)/2,y1). Adjacent lines are connected
with a vertical line from ((x1+x2)/2,y1) to ((x1+x2)/2,y2). This type is available only for 2D
plots.

PLOT_PLOTTYPE_POINTS Markers are displayed at each data point.

PLOT_PLOTTYPE_LINESPOINTS Markers are displayed at each data point and connected with
a line.

PLOT _PLOTTYPE DOTS A small dot is displayed at each data point. The optional point_type
argument effects only the color of the dot.

PLOT_PLOTTYPE_SURFACES Data points are meshed as a smooth surface. This is the default
for 3D plots.

PLOT PLOTTYPE _FILLEDCURVES The filledcurves plottype is only relevant to 2D plot-
ting. Three variants are possible. The first two variants require two columns of input data, and
may be further modified by the options listed below. The first variant, c1losed, treats the curve
itself as a closed polygon. This is the default. The second variant is to fill the area between
the curve and a given axis, a horizontal or vertical line, or a point. The third variant requires
three columns of input data: the x coordinate and two y coordinates corresponding to two curves
sampled at the same set of x coordinates; the area between the two curves is filled.

PLOT PLOTTYPE_VECTORS For a 2D plot, this plot type draws a vector from (X,y) to (x+xdelta,
y+ydelta). Thus it requires four columns of data. It also draws a small arrowhead at the end of
the vector. A 3D plot of this plot type is similar, but requires six columns of data. It only works
for Cartesian 3D plot. The option for this plot type is the same as that for the arrow style
defined on page [T1] for member function CPlot::arrow().

PLOT PLOTTYPE_BOXES The boxes plot type is only relevant to 2-d plotting. It draws a box
centered about the given x coordinate from the x axis (not the graph border) to the given y
coordinate. The width of the box is obtained in one of three ways. If it is a data plot and the
data file has a third column, this will be used to set the width of the box. If not, if a width has
been set using the member function CPlot::boxWidth(), this will be used. If neither of these is
available, the width of each box will be calculated automatically so that it touches the adjacent
boxes. The interior of the boxes is drawn based on the member function CPlot::fillStyle(). By
default, the box is filled with the background color.

PLOT_PLOTTYPE_BOXERRORBARS The boxerrorbars plot type is only relevant to 2-d data
plotting. It is a combination of the boxes PLOT_PLOTTYPE BOXES and yerrorbars
PLOT PLOTTYPE_YERRORBARS plot types. The boxwidth will come from the fourth
column if the y errors are in the form of "ydelta" and the boxwidth was not previously
set equal to -2.0 by the member function CPlot::boxWidth() or from the fifth column if the
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y errors are in the form of "ylow yhigh". The special case CPlot::boxWidth(-2.0) is for
four-column data with y errors in the form "ylow yhigh". In this case the boxwidth will
be calculated so that each box touches the adjacent boxes. The width will also be calculated
in cases where three-column data are used. The box height is determined from the y error in
the same way as it is for the yerrorbars style—either from y-ydelta to y+ydelta or from ylow to
yhigh, depending on how many data columns are provided. The interior of the boxes is drawn
based on the specification by CPlot::fillStyle().

PLOT PLOTTYPE BOXXYERRORBARS The boxxyerrorbars plot type is only relevant to
2-d data plotting. It is a combination of the boxes PLOT_PLOTTYPE BOXES and
xyerrorbars PLOT_PLOTTYPE XYERRORBARS plot types. The box width and height
are determined from the x and y errors in the same way as they are for the xyerrorbars plot
type — either from xlow to xhigh and from ylow to yhigh, or from x-xdelta to x+xdelta and
from y-ydelta to y+ydelta , depending on how many data columns are provided. The interior of
the boxes is drawn based on the specification by CPlot::fillStyle().

PLOT _PLOTTYPE_CANDLESTICKS The candlesticks plot type can be used for 2-d data plotting
of financial data or for generating box-and-whisker plots of statistical data. Five columns of data
are required; in order, these should be the x coordinate (most likely a date) and the opening,
low, high, and closing prices. The symbol is a rectangular box, centered horizontally at the x
coordinate and limited vertically by the opening and closing prices. A vertical line segment at
the x coordinate extends up from the top of the rectangle to the high price and another down to
the low. The vertical line will be unchanged if the low and high prices are interchanged.

The width of the rectangle can be controlled by the member function CPlot::boxWidth().

By default the vertical line segments have no crossbars at the top and bottom. If you want cross-
bars, which are typically used for box-and-whisker plots, then add the keyword whiskerbars
to the opt ion parameter of the function. By default these whiskerbars extend the full horizon-
tal width of the candlestick, but you can modify this by specifying a fraction of the full width.

By default the rectangle is empty if (open > close), and filled with three vertical bars if (close
> open). If filled-boxes support is present, then the rectangle can be colored by the member
function CPlot:fillStyle().

Note: To place additional symbols, such as the median value, on a box-and-whisker plot requires
additional function call as shown in the example below.

plot.dataFile ("candlesticks.dat", "using 1:3:2:6:5");
plot.plotType (PLOT_PLOTTYPE_CANDLESTICKS, O,
"linetype 1 linewidth 2 whiskerbars 0.5");
plot.dataFile ("candlesticks.dat", "using 1:4:4:4:4");
plot.plotType (PLOT_PLOTTYPE_CANDLESTICKS, 1, "linetype -1 linewidth 2");

It assumed that the data in file candlesticks.dat contains the following entries

# X Min lstQuartile Median 3rdQuartile Max
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The plot will have crossbars on the whiskers and crossbars are 50% of full width.

PLOT PLOTTYPE FINANCEBARS The financebars plot type is only relevant for 2-d data
plotting of financial data. Five columns of data are required; in order, these should be the x
coordinate (most likely a date) and the opening, low, high, and closing prices. The symbol is a
vertical line segment, located horizontally at the x coordinate and limited vertically by the high
and low prices. A horizontal tic on the left marks the opening price and one on the right marks
the closing price. The length of these tics may be changed by CPlot::barSize(). The symbol
will be unchanged if the high and low prices are interchanged.

PLOT_PLOTTYPE_XERRORBARS The xerrorbars plot type is only relevant to 2D data plot-
ting. The xerrorbars is like dot s, except that a horizontal error bar is also drawn. At each
point (X,y), a line is drawn from (xlow,y) to (xhigh,y) or from (x-xdelta,y) to (x+xdelta,y), de-
pending on how many data columns are provided. A tic mark is placed at the ends of the error
bar (unless CPlot::barSize() is called).

PLOT PLOTTYPE XYERRORBARS The xyerrorbars plot type is only relevant to 2D data
plotting. The xyerrorbars is like dots, except that horizontal and vertical error bars are
also drawn. At each point (x,y), lines are drawn from (x,y-ydelta) to (x,y+ydelta) and from (x-
xdelta,y) to (x+xdelta,y) or from (x,ylow) to (x,yhigh) and from (xlow,y) to (xhigh,y), depending
upon the number of data columns provided. A tic mark is placed at the ends of the error bar
(unless CPlot::barSize() is called).
If data in a file are provided in an unsupported mixed form, the option using filter for
CPlot::dataFile() should be used to set up the appropriate form. For example, if the data are
of the form (X,y,xdelta,ylow,yhigh), then you can use

plot.dataFile("datafile", "using 1:2:($1-$3):($1+$3):4:5");
plot.plotType (PLOT_PLOTTYPE_XYERRORBARS, plot.dataSetNum());

PLOT_PLOTTYPE_YERRORBARS The yerrorbars (or errorbars) plot type is only rele-
vant to 2D data plotting. The yerrorbars is like points, except that a vertical error bar
is also drawn. At each point (X,y), a line is drawn from (x,y-ydelta) to (x,y+ydelta) or from
(x,ylow) to (x,yhigh), depending on how many data columns are provided. A tic mark is placed
at the ends of the error bar (unless CPlot::barSize() is called).

PLOT_PLOTTYPE_XERRORLINES The xerrorlines plot type is only relevant to 2D data
plotting. The xerrorlinesislike 1inespoints, except that a horizontal error line is also
drawn. At each point (x,y), a line is drawn from (xlow,y) to (xhigh,y) or from (x-xdelta,y) to
(x+xdelta,y), depending on how many data columns are provided. A tic mark is placed at the
ends of the error bar (unless CPlot::barSize() is called).

PLOT_PLOTTYPE_XYERRORLINES The xyerrorlines plottype is only relevant to 2D data
plotting. The xyerrorlines islike linespoints, except that a horizontal and vertical er-
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ror lines are also drawn. At each point (X,y), lines are drawn from (x,y-ydelta) to (x,y+ydelta)
and from (x-xdelta,y) to (x+xdelta,y) or from (x,ylow) to (x,yhigh) and from (xlow,y) to (xhigh,y),
depending upon the number of data columns provided. A tic mark is placed at the ends of the
error bar (unless CPlot::barSize() is called).

If data in a file are provided in an unsupported mixed form, the option using filter for
CPlot::dataFile() should be used to set up the appropriate form. For example, if the data are
of the form (x,y,xdelta,ylow,yhigh), then you can use

plot.dataFile("datafile", "using 1:2:($1-$3):(S$S1+$3):4:5");
plot.plotType (PLOT_PLOTTYPE_XYERRORLINES, plot.dataSetNum());

PLOT_PLOTTYPE_YERRORLINES The yerrorlines (or errorlines) plot type is only
relevant to 2D data plotting. The yerrorlines islike 1inespoints, except that a vertical
error line is also drawn. At each point (x,y), a line is drawn from (x,y-ydelta) to (x,y+ydelta) or
from (x,ylow) to (x,yhigh), depending on how many data columns are provided. A tic mark is
placed at the ends of the error bar (unless CPlot::barSize() is called).

num The data set to which the plot type applies.

line_type An integer index representing the line type for drawing. Use the same value for different curves
so that each curve with the same color and style.

line_width A scaling factor for the line width. The line width is /ine_width multiplied by the default width.
point_type An integer index representing the desired point type.

point_size A scaling factor for the size of the point used. The point size is point_size multiplied by the
default size.

option An option string for a plot type to fine tune the plot.

1. The option for the plot type PLOT_PLOTTYPE_VECTORS is the same as that for the arrow
style defined on page [Tl for member function CPlot::arrow().

2. The option for the plot type PLOT PLOTTYPE_CANDLESTICKS is as follows.

{ {linetype | 1t <line_type>}
{linewidth | 1lw <line_width}
{whiskerbars [fraction_value]}

}

It specifies line type and line width. The whiskerbars extend the full horizontal width of the
candlestick. The optional fraction_value in the range [0, 1.0] specifies a fraction of the
full width of whiskerbars.

3. The option for the plot type PLOT PLOTTYPE_FILLEDCURVES is as follows.

{ [closed | {above | below} {x1 | x2 | yl | y2}[=<a>] | xy=<x>,<y>]
{linetype | 1t <line_type>}
}
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The plot variants for PLOT_PLOTTYPE_FILLEDCURVES can be further modified by the

options
closed ... Just filled closed curve,
x1 ... x1 axis,
X2 ... X2 axis, etc for yl and y2 axes,
y1=0 ... line y=0 (at yl axis) ie parallel to x1 axis,
y2=42 ... line y=42 (at y2 axis) ie parallel to x2, etc,
xy=10,20 ... point 10,20 of x1,yl axes (arc-like shape).

An example of filling the area between two input curves using three columns of data is as follows.

plot.dataFile("datafile", "using 1:2:3");
plot.plotType (PLOT_PLOTTYPE_FILLEDCURVES, plot.dataSetNum());

The above and below in the form

above {x1|x2|ylly2}=<val>
below {x1|x2|yl|y2}=<val>

limit the filled area to one side of the bounding line or curve.

If the values of <a>, <x>, <y> are out of the drawing boundary, then they are moved to the
graph boundary. Then the actually filled area in the case of option xy=<x>, <y> will depend
on the x-range and y-range.

The optional fourth argument color to change the color for the filled area. For example,
plot.plotType (PLOT_PLOTTYPE_FILLEDCURVES, num, "y1=0", "blue");

The detailed specification for the color can be found in the specification for a line color in the member
function CPlot::lineType().

Alternatively, the option 1inetype in the third argument can be used to change the color for the
filled area. For example,

plot.plotType (PLOT_PLOTTYPE_FILLEDCURVES, num, "yl=0 linetype 1");

Description

Set the desired plot type for a previously added data set. For 3D plots, only PLOT _PLOTTYPE_LINES,
PLOT_PLOTTYPE_IMPULSES, PLOT_PLOTTYPE_POINTS, and
PLOT_PLOTTYPE _LINESPOINTS are valid. If other types are specified, PLOT_PLOTTYPE_POINTS
is used.

Some 2D plot types need data with with more than two columns. If the data are in a file, the using
option of CPlot::dataFile() can be used to set up the correct columns for the plot type you want. In this
discussion, “column” will be used to refer to a column in a data file, an entry in the using list, or a column
in a two-dimensional array. The data for plotting in a two-dimensional array can be added to an instance of
CPlot class by the member function CPlot::data().
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For three columns data, only xerrorbars, yerrorbars, xerrorlines, yerrorlines,
boxes, boxerrorbars, and filledcurves are allowed. If other plot type is used, the type will
be changed to yerrorbars.

For four columns, only =xerrorbars, yerrorbars, xyerrorbars, xerrorlines,
yerrorlines, xyerrorlines, boxxyerrorbars, and boxerrorbars are allowed. An il-
legal plot type will be changed to yerrorbars.

Five-column data allow only the boxerrorbars, financebars,and candlesticks plot types.
An illegal style will be changed to boxerrorbars before plotting.

Six- and seven-column data only allow the xyerrorbars, xyerrorlines, and
boxxyerrorbars plot types. Illegal styles will be changed to xyerrorbars before plotting.

Numbering of the data sets starts with zero. New plot types replace previously specified types. The
line style and/or marker type for the plot are selected automatically, unless the appropriate combination
of line_type, line_width, point_type, and point_size are specified. The line_type is an optional argument
specifying an index for the line type used for drawing the line. The line type varies depending on the
terminal type used (see CPlot::outputType). Typically, changing the line type will change the color of
the line or make it dashed or dotted. All terminals support at least six different line types. By default,
the line type is 1. The line_width is an optional argument used to specify the line width. The line width
is line_width multiplied by the default width. Typically the default width is one pixel. point_type is an
optional argument used to change the appearance (color and/or marker type) of a point. It is specified with
an integer representing the index of the desired point type. All terminals support at least six different point
types. point_size is an optional argument used to change the size of the point. The point size is point_size
multiplied by the default size. If point_type and point_size are set to zero or a negative number, a default
value is used.

Portability
The line_width and point_size options is not supported by all terminal types.

For 3D plots on some systems with output type set to postscript (see CPlot::outputType()), data may
not be displayed for PLOT _PLOTTYPE _DOTS.

Example 1

This example shows some of the different point types for the default X-window and the postscript
terminal types (see CPlot::outputType). In this example the points have a point size of five times the
default. The appearance of points for different terminal types may be different.

/* File: plotTyped.ch x/
#include <chplot.h>

int main () {
double x, vy;
string_t text;
int datasetnum=0, point_type = 1, point_size = 5;
class CPlot plot;

plot.axisRange (PLOT_AXIS_X, 0, 7);
plot.axisRange (PLOT_AXIS_Y, 0, 5);
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plot.title ("Point Types in Ch Plot");

for (y = 4; y >= 1; y—) |
for (x = 1; x <= 6; x++) {
sprintf (text, "%d", point_type);
plot.point (x, vy, 0);

datasetnum) ;
point_size);
v, 0);

plot.plotType (PLOT_PLOTTYPE_POINTS,
plot.pointType (datasetnum, point_type,
plot.text (text, PLOT_TEXT_RIGHT, x-.25,
datasetnum++; point_type++;

}

plot.plotting () ;

Output
Output displayed in Window.

Fairt Tvpas in Ch Plat

-
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s 11 2 3 > a 5 . 6 ()
N
3 r'. 8 /N HA 0/ 11v 12
-
“
2 3 14 15 18 —T 17 18 /\
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1 19 | 0 . 2 ‘\, 22 . 23 LN 2 A
1] .
0 1 2 a 4 5 [

Output
Output displayed in X-window.
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Output
Output as a postscript file.

Point Types in Ch Plot

s T

3+ 7. 3A 9‘ 10V 11v 12<>

Output
Output as a PNG file.
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Example 2

Foint Types in Ch Flot
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CPlot::.outputType

This example shows some of the different line types for the postscript terminal type
(see CPlot::outputType). The appearance of lines for different terminal types may be different.

/* File: plotType5.ch */
#include <chplot.h>

int main() {

double x, vy, xx[2], yvI2];

string_t text;

int line_type = -1, line_width = 2, datasetnum = 0O;
class CPlot plot;

plot.axisRange (PLOT_AXIS_X, 0, 5);
plot.axisRange (PLOT_AXIS_Y, 0, 4);
plot.ticsRange (PLOT_AXIS_Y, 1, 0, 4);
plot.title("Line Types in Ch Plot");
for (y = 3; y >= 1; y——) {

for

}

(x = 1; x <= 4; x++) {

sprintf (text, "%d", line_type);
lindata(x, x+.5, xx);
lindata(y, vy, yy);
plot.data2D (xx, yy);

plot.plotType (PLOT_PLOTTYPE_LINES, datasetnum);
plot.lineType (datasetnum, line_type, line_width);

plot.text (text, PLOT_TEXT_RIGHT, x-.125, vy,
datasetnum++;
line_type++;

plot.plotting () ;

Output

Output displayed in Window.
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Line Types in Ch Plot
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Output
Output displayed in X-window.

Ch—Plot

Output
Output as a postscript file.
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Line Types in Ch Plot
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Output
Output as a PNG file.
Line Types in Ch Plot
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Example 3

This example shows some of the different point sizes for the postscript terminal type
(see CPlot::outputType). The appearance of points for different terminal types may be different.

/* File: plotType6.ch */
#include <chplot.h>

int main() {
double x, vy;
string_t text;
int datasetnum=0, point_type = 7, point_size = 1;
class CPlot plot;
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plot.axisRange (PLOT_AXIS_X, 0, 5);

plot.axisRange (PLOT_AXIS_Y, 0, 4);

plot.title ("point Sizes in Ch Plot");

for (y = 3; y >= 1; y=—) A

for (x = 1; x <= 4; x++) {

sprintf (text, "%d", point_size);
plot.point(x, y, 0);
plot.plotType (PLOT_PLOTTYPE_POINTS, datasetnum);
plot.pointType (datasetnum, point_type, point_size);
plot.text (text, PLOT_TEXT_RIGHT, x-.375, vy, 0);
datasetnum++; point_size++;

}
plot.plotting();

Output
point Sizes in Ch Plot
4 T T
35 i
3 1 . 2 L] 3 [ 4 . i
25 i
> 2 5 . 6 . 7 . 8 ‘ i
15 | i
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05 i
0 s s s s
0 1 2 3 4 5
X
Example 4

This example shows some of the different line sizes for the postscript terminal

(see CPlot::outputType). The appearance of lines for different terminal types may be different.

/* File: plotType7.ch */
#include <chplot.h>

int main() |
double x, vy, xx[2], yvI2];
string_t text;
int line_type = 1, line_width = 1, datasetnum = 0;
class CPlot plot;

plot.axisRange (PLOT_AXIS_X, 0, 7);
plot.axisRange (PLOT_AXIS_Y, 0, 5);
plot.title("line Widths in Ch Plot");
for (y = 4; y >= 1; y—) {
for (x = 1; x <= 6; x++) {
sprintf (text, "%d", line_width);
lindata(x, x+.5, xx);
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}

lindata(y, v, vV);

plot.data2D (xx, vVy);

plot.plotType (PLOT_PLOTTYPE_LINES, datasetnum);
plot.lineType (datasetnum, line_type, line_width);
plot.text (text, PLOT_TEXT_RIGHT, x-.125, y, 0);
datasetnum++;

line_width+=2;

plot.plotting();

Output

Example 5

line Widths in Ch Plot

4+ 1 3 5 7 9 11 E
3 13 e 15 a7 S 19 NN 2] S 23 . B
>
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1t v > - - - B

/* File: plotTypel.ch =*/
#include <chplot.h>
#include <math.h>

int main ()

class CPlot subplot, =*spl;

array double x1[30], y1([30];

int line_type = 1, line_width = 1;
int point_type = 7, point_size = 1;

lindata (-M_PI, M_PI, x1);

yl

sin (x1);

subplot.subplot (3, 3);

spl

subplot.getSubplot (0,0);

spl->data2D (x1, vyl);

spl->axisRange (PLOT_AXIS_Y, -1, 1);
spl->ticsRange (PLOT_AXIS_Y, 0.5, -1, 1);
spl->plotType (PLOT_PLOTTYPE_LINES, O0);
spl->label (PLOT_AXIS_XY, NULL);
spl->title ("PLOT_PLOTTYPE_LINES");

spl

subplot.getSubplot (0,1);

spl->data2D (x1, vyl);
spl->axisRange (PLOT_AXIS_Y, -1, 1);
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spl->ticsRange (PLOT_AXIS_Y, 0.5, -1, 1);
spl->plotType (PLOT_PLOTTYPE_IMPULSES, 0);
spl->label (PLOT_AXIS_XY, NULL);
spl->title ("PLOT_PLOTTYPE_IMPULSES") ;
spl = subplot.getSubplot (0,2);
spl->data2D (x1, vyl);

spl->axisRange (PLOT_AXIS_Y, -1, 1);
spl->ticsRange (PLOT_AXIS_Y, 0.5, -1, 1);
spl->plotType (PLOT_PLOTTYPE_STEPS, O0);
spl->label (PLOT_AXIS_XY, NULL);
spl->title ("PLOT_PLOTTYPE_STEPS");

spl = subplot.getSubplot (1,0);
spl->data2D (x1, vyl);

spl->axisRange (PLOT_AXIS_Y, -1, 1);
spl->ticsRange (PLOT_AXIS_Y, 0.5, -1, 1);
spl->plotType (PLOT_PLOTTYPE_FSTEPS, 0);
spl->label (PLOT_AXIS_XY, NULL);
spl->title ("PLOT_PLOTTYPE_FSTEPS");

spl = subplot.getSubplot(1l,1);
spl->data2D (x1, vy1l);

spl->axisRange (PLOT_AXIS_Y, -1, 1);
spl->ticsRange (PLOT_AXIS_Y, 0.5, -1, 1);
spl->plotType (PLOT_PLOTTYPE_POINTS, 0);
spl->pointType (0, point_type, point_size);
spl—->label (PLOT_AXIS_XY, NULL);
spl->title ("PLOT_PLOTTYPE_POINTS");

spl = subplot.getSubplot (1,2);
spl->data2D (x1, vy1);

spl->axisRange (PLOT_AXIS_Y, -1, 1);
spl->ticsRange (PLOT_AXIS_Y, 0.5, -1, 1);
spl->plotType (PLOT_PLOTTYPE_LINESPOINTS, O0);
spl->1lineType (0, line_type, line_width);
spl->pointType (0, point_type, point_size);
spl->label (PLOT_AXIS_XY, NULL);
spl->title ("PLOT_PLOTTYPE_LINESPOINTS");
spl = subplot.getSubplot (2,0);
spl->data2D (x1, vy1);

spl->axisRange (PLOT_AXIS_Y, -1, 1);
spl->ticsRange (PLOT_AXIS_Y, 0.5, -1, 1);
spl->plotType (PLOT_PLOTTYPE_DOTS, O0);
spl->label (PLOT_AXIS_XY, NULL);
spl->title ("PLOT_PLOTTYPE_DOTS");

spl = subplot.getSubplot (2,1);
spl->data2D (x1, vyl);

spl->axisRange (PLOT_AXIS_Y, -1, 1);
spl->ticsRange (PLOT_AXIS_Y, 0.5, -1, 1);
spl->plotType (PLOT_PLOTTYPE_HISTEPS, 0);
spl->label (PLOT_AXIS_XY, NULL);
spl->title ("PLOT_PLOTTYPE_HISTEPS");
subplot.plotting();

Output
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PLOT_PLOTTYPE_LINES
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Example 6

/* File: plotType2.ch =/
#include <math.h>
#include <chplot.h>

int main() {

int numpoints = 360,
numpts=10;

array double x0

array double x2
array double x3
int line_type=1,
class CPlot plot;

[

array double x1[numpoints],
[
[

lindata (0, 360, x0);
y0 = sin(x0+xM_PI/180);
lindata (0, 90, x1);

yl = sin(x1+«M_PI/180);
lindata (90, 180, x2);
y2 = sin (x2*M PI/lSO)
lindata (270, 360, x3);
y3 = sin (x3xM_ PI/lSO)
plot.data2D (x0, yO0);
plot.data2D (x1 ) ;
plot.data2D (x2, v2);
plot.data2D (x3 )

7

’

numpoints],

numpoints],
line_width =5;

PLOT_PLOTTYPE_IMPULSES

1 ""H

0.5 -
fl
1 1 1
1 2 3 4

L]

-0.5
PLOT_PLOTTYPE_POINTS

1 __T_ﬂ__T_T_3P~E;T__

05

1
-4 -3 -2 -

i

O B .-
05 F . -
. .. o

1 | ) age® 1 |
-4-3-2-1012 3 4

PLOT_PLOTTYPE_HISTEPS
1

// number of data points
// number of data points
y0 [numpoints];
y1l [numpoints];

numpts], y2[numpts];

y3 [numpoints];

is sine of array x0,
is sine of array x1,
is sine of array x2,

is sine of array x3,
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PLOT_PLOTTYPE_STEPS

1
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0
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-4-3-2-1012 3 4

// assign x0 with -10 <= x0 <= 360 linearly
// array yoO
// assign x1 with 0 <= x1 <= 90 linearly
// array vyl
// assign x2 with 90 <= x2 <= 180
// array y2
// assign x3 with 90 <= x3 <= 180
// array y3

element-wise

element-wise
linearly
element-wise
linearly
element-wise
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plot

plot.

plot
plot
plot
plot

Output

Example

/* File:
#include
#include

int main
int
int
doub
doub
int
clas

lind
lind
for (

}
subp
spl
spl-
spl-
spl-
spl-
spl-

ObO03p0000 <chplot.h>

400

.plotType (PLOT_PLOTTYPE_LINES, O0); // line for (x,Vy)
lineType (0, line_type, line_width);
.plotType (PLOT_PLOTTYPE_IMPULSES, 1); // impulse plot for
.plotType (PLOT_PLOTTYPE_IMPULSES, 2); // impulse plot for
.plotType (PLOT_PLOTTYPE_IMPULSES, 3); // impulse plot for
.plotting(); // get the plotting
> -
-05 | -
_1 Il Il Il Il Il Il Il
0 50 100 150 200 250 300 350
X
7
plotType3.ch */
<chplot.h>
<math.h>

0 A

line_type = 1, line_width = 1;
point_type = 7, point_size = 1;
le x[16], yIl6], z[256];

le r;

i, 3;

s CPlot subplot, =xspl;

ata(-10, 10, x);

ata(-10, 10, vy);

i=0; i<1l6; i++) {

for (j=0; J<l6; J++) {
r = sqrt(x[i]*x[1]+y[J1*y[J]);
z[16%xi+3j] = sin(r)/r;

lot.subplot (2,3);

= subplot.getSubplot (0,0);
>data3D(x, vy, z);

>axisRange (PLOT_AXIS_7, -.4, 1.2);

(
>ticsRange (PLOT_AXIS_Z, .4, -.4, 1.2);
>axisRange (PLOT_AXIS_XY, -10, 10);
>ticsRange (PLOT_AXIS_XY, 5, -10, 10);
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spl->plotType (PLOT_PLOTTYPE_LINES, O0);
spl—->colorBox (PLOT_OFF) ;

spl->label (PLOT_AXIS_XYZ, NULL);
spl->title ("PLOT_PLOTTYPE_LINES");

spl = subplot.getSubplot (0,1);
spl->data3D(x, vy, z);

spl->axisRange (PLOT_AXIS_Z7, -.4, 1.2);
spl->ticsRange (PLOT_AXIS_Zz, .4, —-.4, 1.2);
spl->axisRange (PLOT_AXIS_XY, -10, 10);
spl->ticsRange (PLOT_AXIS_XY, 5, -10, 10);
spl->plotType (PLOT_PLOTTYPE_IMPULSES, 0);
spl->colorBox (PLOT_OFF) ;

spl->label (PLOT_AXIS_XYZ, NULL);
spl->title ("PLOT_PLOTTYPE_IMPULSES");

spl = subplot.getSubplot (0,2);
spl->data3D(x, vy, z);

spl->axisRange (PLOT_AXIS_7Z, -.4, 1.2);
spl->ticsRange (PLOT_AXIS_7Z, .4, —-.4, 1.2);
spl->axisRange (PLOT_AXIS_XY, -10, 10);
spl->ticsRange (PLOT_AXIS_XY, 5, -10, 10);
spl->plotType (PLOT_PLOTTYPE_POINTS, 0);
spl->pointType (0, point_type, point_size);
spl—->colorBox (PLOT_OFF) ;

spl->label (PLOT_AXIS_XYZ, NULL);
spl->title ("PLOT_PLOTTYPE_POINTS");

spl = subplot.getSubplot (1,0);
spl->data3D(x, vy, z);

spl->axisRange (PLOT_AXIS_7Z7, -.4, 1.2);
spl->ticsRange (PLOT_AXIS_7Z, .4, —-.4, 1.2);
spl->axisRange (PLOT_AXIS_XY, -10, 10);
spl->ticsRange (PLOT_AXIS_XY, 5, -10, 10);
spl->plotType (PLOT_PLOTTYPE_LINESPOINTS, 0);
spl->1lineType (0, line_type, line_width);
spl->pointType (0, point_type, point_size);
spl->colorBox (PLOT_OFF) ;

spl->label (PLOT_AXIS_XYZ, NULL);
spl->title ("PLOT_PLOTTYPE_LINESPOINTS");

spl = subplot.getSubplot(1l,1);
spl->data3D(x, vy, z);

spl->axisRange (PLOT_AXIS_7, -.4, 1.2);
spl->ticsRange (PLOT_AXIS_Zz, .4, —-.4, 1.2);
spl->axisRange (PLOT_AXIS_XY, -10, 10);
spl->ticsRange (PLOT_AXIS_XY, 5, -10, 10);
spl->plotType (PLOT_PLOTTYPE_SURFACES, 0);
spl->label (PLOT_AXIS_XYZ, NULL);
spl->title ("PLOT_PLOTTYPE_SURFACES") ;
subplot.plotting() ;

Output
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PLOT_PLOTTYPE_LINES PLOT_PLOTTYPE_IMPULSES PLOT_PLOTTYPE_POINTS
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PLOT_PLOTTYPE_LINESPOINTS PLOT_PLOTTYPE_SURFACES

Example 8

This example illustrates the plot type PLOT _PLOTTYPE_VECTORS. The arrow style is defined based on
the specification in CPlot::arrow() on page [T}

/* File: plotType_v.ch x/
#include <chplot.h>

char xarrowstyle[] = {
"head filled size screen 0.025,30,45 linetype 1 linewidth 1",
"head nofilled size screen 0.03,15 linetype 3 linewidth 1",
"head filled size screen 0.03,15,45 linetype 1 linewidth 2",
"head filled size screen 0.03,15 linetype 3 linewidth 2",
"heads filled size screen 0.03,15,135 linetype 1 linewidth 3",
"head empty size screen 0.03,15,135 linetype 3 linewidth 3",
"nohead linetype 1 linewidth 4",
"heads size screen 0.008,90 linetype 3 linewidth 4"

}i

int main () {
class CPlot plot;
int i;
plot.label (PLOT_AXIS_X, "");
plot.label (PLOT_AXIS_Y, "");

plot.axisRange (PLOT_AXIS_X, -1000, 1000);
plot.axisRange (PLOT_AXIS_Y,-178, 86);
plot.border (PLOT_BORDER_ALL, PLOT_ON);
plot.ticsMirror (PLOT_AXIS_XY, PLOT_ON);
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i<sizeof (arrowstyle) /sizeof (charx); i++) {
500,-100-10%1,0,

for (1i=0;
plot.arrow (-500,-100-10%1i,0, arrowstyle][

}

plot.dataFile ("arrowstyle.dat",

plot.plotType (PLOT_PLOTTYPE_VECTORS,

plot.legend ("arrow style 0", 0);

plot.plotting();

"using 1:2:(0):3");
0, arrowstyle[0]);

The contents of data file arrowstyle.dat in Example 8

il);
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Example 9

This example illustrates the plot type PLOT_PLOTTYPE_CANDLESTICKS.

/* File: plotType_cs.ch */
/* File: plotTtype_cs.ch to process data in candlesticks.dat =/
#include <chplot.h>

int main () {
class CPlot plot;

plot.label (PLOT_AXIS_X, "");
plot.label (PLOT_AXIS_Y, "");
plot.border (PLOT_BORDER_ALL,
plot.ticsMirror (PLOT_AXIS_XY,
plot.title ("box—-and-whisker
plot.axisRange (PLOT_AXIS_X,
plot.axisRange (PLOT_AXIS_Y, O,
plot.dataFile ("candlesticks.dat",
plot.plotType (PLOT_PLOTTYPE_CANDLESTICKS,

PLOT_ON) ;
PLOT_ON) ;

0, 11);

10);

"using 1:3:2:6:5");

0,
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plot.fillStyle (0, PLOT_FILLSTYLE_EMPTY);

plot.legend ("’ candlesticks.dat’” using 1:3:2:6:5", 0);

plot.dataFile ("candlesticks.dat", "using 1:4:4:4:4");

plot.plotType (PLOT_PLOTTYPE_CANDLESTICKS, 1, "linetype -1 linewidth 2");
plot.legend ("’ candlesticks.dat’ using 1:4:4:4:4", 1);

plot.boxWidth (0.2);

plot.plotting () ;

return 0;

The contents of data file candlesticks.dat in Example 9

1.
1.
4.

o o1 O
(€}

Output
box-and-whisker plot adding median value as bar
10 T T X T X
"candlesticks.dat’ using 1:3:2:6:
‘candlesticks.dat’ using 1:4:4:4:
8 - .
6 - .
4 H -
2 - -
0 1 1 1 1 1
0 2 4 6 8 10
Example 10

This example illustrates the plot type PLOT _PLOTTYPE_FINANCEBARS.

/* File: plotType_fb.ch */
/* File: plotType_fb.ch to process data in finance.dat

data and indicators in finance.dat

data file layout:

date, open, high, low, close, volume,

50-day moving average volume, Intraday Intensity,
20-day moving average close,

upper Bollinger Band, lower Bollinger Band

S o o W

*/
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#include <chplot.h>

int main() {
class CPlot subplot, =*plotl,

subplot.subplot (2,1);
subplot.title ("Finance Bar");
plotl =
plotl->label (PLOT_AXIS_X,
plotl->label (PLOT_AXIS_Y,
plotl->border (PLOT_BORDER_ALL,

"ll),.

plotl->ticsMirror (PLOT_AXIS_XY,

plotl->dataFile ("finance.dat",

*plot2;

subplot.getSubplot (0,0);

"price");

PLOT_ON) ;
PLOT_ON) ;
"using 0:2:3:4:5");

CPlot::.outputType

plotl->plotType (PLOT_PLOTTYPE_FINANCEBARS, 0);

plotl->axisRange (PLOT_AXIS_X, 50, 253);

plotl->axisRange (PLOT_AXIS_Y, 75, 105);

plotl->grid (PLOT_ON) ;

plotl->ticsPosition (PLOT_AXIS_X, 66, 87, 109, 130, 151, 174, 193, 215, 235);
plotl->ticsPosition (PLOT_AXIS_Y, 105, 100, 95, 90, 85, 80);
plotl->ticsFormat (PLOT_AXIS_X, "");

plotl->scaleType (PLOT_AXIS_Y, PLOT_SCALETYPE_LOG);

plotl->dataFile ("finance.dat", "using 0:9");

plotl->dataFile ("finance.dat", "using 0:10");

plotl->dataFile ("finance.dat", "using 0:11");

plotl->dataFile ("finance.dat", "using 0:8");

plotl->axes (plotl->dataSetNum(), "xly2");

plotl->text ("Courtesy of Bollinger Capital", PLOT_TEXT_CENTER, 83, 76.7, 0);
plotl->text ("www.BollingerBands.com", PLOT_TEXT_CENTER, 83, 75.7, 0);
plotl->size (1, 0.7); // 70% for the top plot
plotl->margins (9, -1, -1, 0); // left margin is 9, bottom margin is 0
plotl->origin (0, 0.3); // origin for Y is 0.3

plotl->text ("Acme Widgets", PLOT_TEXT_CENTER, 150, 102, 0);

plot2 = subplot.getSubplot (1,0);

plot2->label (PLOT_AXIS_X, "");

plot2->label (PLOT_AXIS_Y, "volume (x10000)");

plot2->dataFile ("finance.dat", "using 0:($6/10000)");

plot2->plotType (PLOT_PLOTTYPE_IMPULSES, 0);

plot2->dataFile ("finance.dat", "using 0:($7/10000)");

plot2->border (PLOT_BORDER_ALL, PLOT_ON);

plot2->ticsMirror (PLOT_AXIS_XY, PLOT_ON);

plot2->grid (PLOT_ON) ;

plot2->axisRange (PLOT_AXIS_X, 50, 253);

plot2->ticsRange (PLOT_AXIS_Y, 500);

plot2->ticsFormat (PLOT_AXIS_Y, "%1.0f");

plot2->ticsPosition (PLOT_AXIS_X, 66, 87, 109, 130, 151, 174, 193, 215, 235);

/+* use the code below for X-label for C++ or Ch =/

/ *

"6/03", 66);

plot2->ticsLabel (PLOT_AXIS_X,
plot2->ticsLabel (PLOT_AXIS_X,
plot2->ticsLabel (PLOT_AXIS_X,
plot2->ticsLabel (PLOT_AXIS_X,
plot2->ticsLabel (PLOT_AXIS_X,
plot2->ticsLabel (PLOT_AXIS_X,
plot2->ticsLabel (PLOT_AXIS_X,
plot2->ticsLabel (PLOT_AXIS_X,
plot2->ticsLabel (PLOT_AXIS_X,
*/

plot2->size (1, 0.3);

"7/03",
"8/03",
"9/03",
"10/03",
"11/03",
"12/03",
"1/04",
"2/04",

87) ;
109);
130);
151)
174)
193)
215);
235);
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plot2->margins (9, -1, 0, -1); // left margin is 9, top margin is O
subplot.plotting();
return 0;

}
The contents of data file finance.dat in Example 10

data and indicators in finance.dat
data file layout:
date, open, high, low, close, volume,

50-day moving average volume, Intraday Intensity,

H= = = 4

20-day moving average close,

# upper Bollinger Band, lower Bollinger Band

2/27/2003 77.9 78.59 76.75 77.28 9927900 0 -4208566 0 0 O
2/28/2003 78.15 78.47 77 77.95 6556100 0 -2290796 0 0 O
3/3/2003 78.6 79 77.12 77.33 6618300 0 -7430539 0 0 O

This data file is also used to plot stock prices in Example 14 below.
Output

Finance Bar
105

Acme Widgets

100

% 1 e i
{ et ] ﬁﬂhﬂhﬁk i
. ru w : u 1l } G UUH 1

90 i

price

1

80

Courta%/ of Bollinger Capital
.Bo

2500 llingerBands.com

2000
1500
1000
500 H

|
66 87 109 130 151 174 193 215 235

volume (x10000)

Example 11
This example illustrates the plot type PLOT_PLOTTYPE_YERRORBARS.

/* File: plotType_eb.ch */
#include<chplot.h>

int main() {
CPlot plot;
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plot

plot.
plot.
.border (PLOT_BORDER_ALL, PLOT_ON) ;

.ticsMirror (PLOT_AXIS_XY, PLOT_ON);
plot.
plot.
.plotType (PLOT_PLOTTYPE_YERRORBARS,

plot
plot

plot

plot.
plot.
plot.
plot.
.barSize (1.0);
.plotting();

plot
plot
}

.title ("Errorbar type ");

label (PLOT_AXIS_X, "Angle (deg)");
label (PLOT_AXIS_Y, "Amplitude");

legendOption ("box") ;
dataFile ("big_peak.dat");

legend ("Rate", 0);
dataFile ("big_peak.dat");
smooth (1, "csplines");
legend ("Average", 1);

0);

The contents of data file big peak.dat in Example 11

26.500000 0.753252 0.012953
27.000000 0.877710 0.019712
27.500000 0.996531 0.021018

Output
Errorbar type
1.05
Rate —+——
L} } ]
0.95 { B
o 09 i
=}
2
£
< 085 E
0.8 B
0.75 F 4
0.7 Il Il
26.5 27 275 28.5
Angle (deg)
Example 12

This example illustrates the plot type PLOT_PLOTTYPE _FILLEDCURVES.

/* File:

filledcolors.ch x/

#include<math.h>
#include<chplot.h>

#define N 100

double func (double x) {
double vy;

1;
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return y;

int main() {
CPlot plot;
double xO0,
int 1i;
char option([64],

xf;
legend[64];

plot.title("Filled colors");
plot.legendOption ("outside");
plot.label (PLOT_AXIS_X, "");
plot.label (PLOT_AXIS_Y,

"");

plot.axisRange (PLOT_AXIS_X, 0, 12);
plot.axisRange (PLOT_AXIS_Y, 0, 1);
for (i=0; 1i<9; i++) {
x0 = 1i;
xf = i+1;
sprintf (option, "yl=0 linetype %d", 1i);
sprintf (legend, "option: %s", option);
plot.func2D (x0, xf, N, func);

plot.plotType (PLOT_PLOTTYPE_FILLEDCURVES, i, option);
plot.legend(legend, 1i);
}
x0 = 1i+1;
xf = 14+2;
plot.func2D (x0, xf, N, func);
plot.plotType (PLOT_PLOTTYPE_FILLEDCURVES, 9, "yl1=0", "green");
plot.legend("option: yl=0 with green color", 9);
plot.plotting();
}
Output
Filled colors
option: y1=0 linetype O usm—
option: y1=0 linetype 1 m—
option: y1=0 linetype 2 mwwwm
option: y1=0 linetype 3 s
option: y1=0 linetype 4 m—
option: y1=0 linetype 5
T option: y1=0 linetype 6
option: y1=0 linetype 7 m—
option: y1=0 linetype 8 ==
option: y1=0 with green color
12
Example 13

This example illustrates the plot type PLOT_PLOTTYPE _FILLEDCURVES.

/* File: filledcolors2.ch x/
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#include<math.h>
#include<chplot.h>

#define

double func (double x,

N 100

double offset;
double vy;

offset =
offset;

y =

* (doublex)param;

return y;

int main() {
CPlot plot;

double offset,

x0, xf;

int 1i;

char

x0 =
xf =

plot.
plot.
plot.
plot.
plot.
.axisRange (PLOT_AXIS_Y, O,

plot

for (i=0;

option[64], legend[64];
-10;
10;

title("Filled colors");
legendOption ("outside");
label (PLOT_AXIS_ X, "");

label (PLOT_AXIS_Y,
axisRange (PLOT_AXIS_X,

"");

i<9; i++) |

offset = i;

sprintf (option,
sprintf (legend,
plot.funcp2D (%0,
plot.plotType (PLOT_PLOTTYPE_FILLEDCURVES,

plot.legend(legend, 1i);
}
offset = 10;
plot.funcp2D(x0, xf, N, func,

plot
plot
plot

Output

"Sd+x:
xf, N,

-10,

"y1=%d linetype %d",
option:%s", 1i,
func,

void *param) {

10);
11);

i+1

s&offset);

soffset);

.plotType (PLOT_PLOTTYPE_FILLEDCURVES,

.legend ("10+x:
.plotting();

option:

yl=11 with green",
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option);

i, option);

9, "yl=11",
9);
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Filled colors

0+x: option:y1=1 linetype O mm—

1+x: option:y1l=2 linetype 1 m—

2+x: option:y1=3 linetype 2 mwwsmm

3+x: option:y1=4 linetype 3 m—

4+x: option:y1=5 linetype 4 m—

5+x: option:y1=6 linetype 5

6+x: option:y1=7 linetype 6

7+x: option:y1=8 linetype 7 mn—

8+x: option:y1=9 linetype 8 =
10+x: option: y1=11 with green m—

Example 14
This example illustrates the plot type PLOT_PLOTTYPE_FILLEDCURVES. This plot for stock prices
uses the same data file in Example 10.

/* File: stockprice.ch x/
/* File: finance.ch to process data in finance.dat

data and indicators in finance.dat

# data file layout:
# date, open, high, low, close, volume,
# 50-day moving average volume, Intraday Intensity,
# 20-day moving average close,
# upper Bollinger Band, lower Bollinger Band
*/

#include <chplot.h>

int main() {
class CPlot plot;
int linetype, linewidth;

plot.title ("Stock price for company X (in semi-log scale)");
plot.label (PLOT_AXIS_X, "");

plot.label (PLOT_AXIS_Y, "price");

plot.border (PLOT_BORDER_ALL, PLOT_ON);

plot.ticsMirror (PLOT_AXIS_XY, PLOT_ON);

plot.dataFile ("finance.dat", "using 0:5");

plot.plotType (PLOT_PLOTTYPE_FILLEDCURVES, 0, "yl1=0", "green");
plot.dataFile ("finance.dat", "using 0:5");

linetype = 3;

linewidth = 2;

plot.plotType (PLOT_PLOTTYPE_LINES, 1);

plot.lineType (1, linetype, linewidth);

plot.axisRange (PLOT_AXIS_X, 50, 253);

plot.axisRange (PLOT_AXIS_Y, 75, 105);

plot.scaleType (PLOT_AXIS_Y, PLOT_SCALETYPE_LOG) ;

plot.grid (PLOT_ON, "front linewidth 2");

plot.ticsPosition (PLOT_AXIS_Y, 105, 100, 95, 90, 85, 80);

/+ use the code below for X-label for C++ or Ch =*/

/*

168



20:2D000 30000 <chplot.h> CPlot::plotting

plot.ticsPosition
plot.ticsPosition
plot.ticsPosition
plot.ticsPosition
plot.ticsPosition
plot.ticsPosition

*/

plot.ticsLabel (PLOT_AXIS_X, "Jun/03", 66, "Jul/03", 87, "Aug/03", 109, "Sep/03", 130,

"io0/03", 151, "11/03", 174, "12/03", 193, "1/04", 215, "2/04", 235);

PLOT_AXIS_Y, 105);
PLOT_AXIS_ Y, 100);
PLOT_AXIS_Y, 95);
PLOT_AXIS_Y, 90);
PLOT_AXIS_Y, 85);
PLOT_AXIS_Y, 80)

’

/+* use the code below for X-label for C++ or Ch =*/

/*
plot.ticsLabel
plot.ticsLabel (PLOT_AXIS_X, "7/03", 87);
plot.ticsLabel (PLOT_AXIS_X, "8/03", 109);
plot.ticsLabel (PLOT_AXIS_X, "9/03", 130);

(PLOT_AXIS_X, "6/03", 66);
(
(
(
plot.ticsLabel (PLOT_AXIS_X, "10/03", 151);
(
(
(
(

I

)
plot.ticsLabel (PLOT_AXIS_X, "11/03", 174);
plot.ticsLabel (PLOT_AXIS_X, "12/03", 193)
plot.ticsLabel (PLOT_AXIS_X, "1/04", 215);
plot.ticsLabel (PLOT_AXIS_X, "2/04", 235);
*/

plot.plotting();

Output

Stock price for company X (in semi-log scale)

price

Jun/03  Jul/03 Aug/03  Sep/03 10/03 11/03  12/03 1/04 2/04

Example 15
The example illustrates the plot type PLOT_PLOTTYPE_BOXES can be found on page

See Also
CPlot::arrow(), CPlot::lineType(), CPlot::fillStyle(), CPlot::pointType().

CPlot::plotting

169



20:2D000 30000 <chplot.h>

Synopsis
#finclude <chplot.h>
void plotting();

Purpose
Generate a plot file or display a plot.

Return Value
None.

Parameters
None.

Description

CPlot::point

The plot is displayed or a file is generated containing the plot when this function is called. It shall be called

after all the desired plot options are set.

Example
See CPlot::data2D().

CPlot::point

Synopsis
#include <chplot.h>
int point(double x, double y, ... /* double z */);

Syntax
point(x, y);

point(x, y, 2);

Purpose
Add a point to a 2D or 3D plot.

Return Value

This function returns 0 on success and -1 on failure.

Parameters
x The x coordinate of the point.

y The y coordinate of the point.

z The z coordinate of the point.
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Description

This function adds a point to a plot. It is a convenience function for creation of geometric primitives. A
point added with this function counts as a data set for later calls to CPlot::legend() and CPlot::plotType().
For 2D rectangular and 3D cartesian plots, x, ¥, and z are the coordinates of the point specified in units of
the x, y and z axes. However, for 2D plots, z is ignored. For 2D polar and 3D cylindrical plots, the point is
specified in polar coordinates where x is 6, y is 1, and z is unchanged. Again, for 2D plots, z is ignored. For
3D plots with spherical coordinates x is 8, y is ¢ and z is r. For 3D plots with points, hidden line removal
should be disabled (see CPlot::removeHiddenLine()) after all data are added.

Example 1

/* File: point.ch x/
#include <chplot.h>

int main() {
double x = 3, y = 4;
class CPlot plot;

plot.axisRange (PLOT_AXIS_XY, 2, 5); /* one point cannot do autorange =/
plot.point (x, y);
plot.plotting () ;

}

Output

45 1

25 | 1

Example 2

/* File: point_2.ch x/
#include <chplot.h>

int main() {
double thetal = 30, rl = 2;
class CPlot plot;
int point_type = 7, point_size = 3;
char xpoint_color = "blue";

plot.grid (PLOT_ON) ;
plot.polarPlot (PLOT_ANGLE_DEG) ;
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plot
plot
plot

plot

Output

See Also

CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(), CPlot::data3DCurve(),

.point (thetal, rl);

.plotType (PLOT_PLOTTYPE_POINTS, 0);
.pointType (0, point_type, point_size,
plot.
plot.
.plotting () ;

axisRange (PLOT_AXIS_XY, 0, 2);
sizeRatio(-1);

1.5-

0.5+

point_color);

CPlot::pointType

CPlot::.data3DSurface(), CPlot::circle(), CPlot::line(), CPlot::outputType(), CPlot::plotType(),
CPlot::polygon(), CPlot::rectangle().

CPlot:

Synopsis

:pointType

#include <chplot.h>

void pointType(int num, int point_type, int point_size], ... /* [char point_color] */);

Syntax

pointType(num, point_type, point_size)
pointType(num, point_type, point__size, point_color)

Purpose

Set the point type, size, and color for points, line-points, etc.

Return Value

None.
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Parameters

num The data set to which the point type, size, and color apply.
point_type An integer index representing the desired point type.

point_size A scaling factor for the size of the point used. The point size is point_size multiplied by the
default size.

point_color color for the point.

Description
Set the desired point type, size, and color for a previously added data set.

Numbering of the data sets starts with zero. The point style and/or marker type for the plot are selected
automatically. The default point tye, size, and color can be changed by this member function.

The point_type specifies an index for the point type used for drawing the point. The point type varies
depending on the terminal type used (see CPlot::outputType). The value point_type is used to change the
appearance (color and/or marker type) of a point. It is specified with an integer representing the index of the
desired point type. All terminals support at least six different point types. point_size is an optional argument
used to change the size of the point. The point size is point_size multiplied by the default size. If point_type
and point __size are set to zero or a negative number, a default value is used.

An optional fourth argument can specify the color of a point by a color name or RGB value, such as
"blue" or "#0000££" for color blue. The default point type, size, and color can be changed by the
function call

plot.pointType (num, pointtype, pointsize, "blue");

The color of the point is specified as blue in this example. The valid color names and their corresponding
GRB values are listed below.

Color Name Hexadecimal R G B
values
white #ffffff = 255 255 255
black #000000 = 0 0 0
gray0 #000000 = 0 0 0
grey0 #000000 = 0 0 0
grayl0 #lalala = 26 26 26
greyl0 #lalala = 26 26 26
gray20 #333333 = 51 51 51
grey20 #333333 = 51 51 51
gray30 #4d4dad = 77 77 77
grey30 #4d4d4d = 77 T7 77
gray40 #666666 = 102 102 102
grey40 #666666 = 102 102 102
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grayb0 #7£7£7€f = 127 127 127
greyb0 #7£7£7f = 127 127 127
gray60 #999999 = 153 153 153
grey60 #999999 = 153 153 153
gray70 #03b3b3 = 179 179 179
grey70 #b3b3b3 = 179 179 179
gray80 #ccccce = 204 204 204
grey80 #ccccece = 204 204 204
gray90 #ebebeb5 = 229 229 229
grey90 #ebebeb5 = 229 229 229
grayl00 #ffffff = 255 255 255
greyl00 #ffffff = 255 255 255
gray #bebebe = 190 190 190
grey #bebebe = 190 190 190
light-gray #d3d3d3 = 211 211 211
light-grey #d3d3d3 = 211 211 211
dark—-gray #a9%9a9%a9 = 169 169 169
dark-grey #a9%a9%a9 = 169 169 169
red #££0000 = 255 0 0
light-red #£03232 = 240 50 50
dark-red #8b0000 = 139 0 0
yellow #£f£f££f00 = 255 255 0
light-yellow #ffffe0d = 255 255 224
dark-yellow #c8c800 = 200 200 0
green #00£f£f00 = 0 255 0
light-green #90ee90 = 144 238 144
dark—-green #006400 = 0 100 0
spring-green #00f£f7f = 0 255 127
forest—-green #228pb22 = 34 139 34
sea—green #2e8b57 = 46 139 87
blue #0000ff = 0 0 255
light-blue #add8e6 = 173 216 230
dark-blue #00008b = 0 0 139
midnight-blue #191970 = 25 25 112
navy #000080 = 0 0 128
medium-blue #0000cd = 0 0 205
royalblue #4169el = 65 105 225
skyblue #87ceeb = 135 206 235
cyan #00ffff = 0 255 255
light-cyan #eOffff = 224 255 255
dark-cyan #008b8b = 0 139 139
magenta #££f00ff = 255 0 255
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light-magenta #£055f0 = 240 85 240
dark-magenta #8b008b = 139 0 139
turquoise #40e0d0 = 64 224 208
light—-turquoise fafeeee = 175 238 238
dark-turquoise #00cedl = 0 206 209
pink #ffcOcb = 255 192 203
light-pink #ffbecl = 255 182 193
dark-pink #££1493 = 255 20 147
coral #££7£50 = 255 127 80
light-coral #£08080 = 240 128 128
orange-red #££4500 = 255 69 0
salmon #fa8072 = 250 128 114
light-salmon #ffal07a = 255 160 122
dark-salmon #e9967a = 233 150 122
aquamarine #7fffdd = 127 255 212
khaki #£f0e68c = 240 230 140
dark-khaki #bdb76b = 189 183 107
goldenrod #daab520 = 218 165 32
light-goldenrod #eedd82 = 238 221 130
dark-goldenrod #b8860b = 184 134 11
gold #££4700 = 255 215 0
beige #£5f5dc = 245 245 220
brown #ab2a2a = 165 42 42
orange #££fab500 = 255 165 0
dark—-orange #££8c00 = 255 140 0
violet #eeB82ee = 238 130 238
dark-violet #9400d3 = 148 0 211
plum #dda0dd = 221 160 221
purple #a020f0 = 160 32 240
Examples

See programs and their generated figures for CPlot::point() and CPlot::plotType().

See Also
CPlot::lineType(), CPlot::point().
CPlot::plotType().

CPlot::polarPlot

Synopsis
#include <chplot.h>
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void polarPlot(int angle_unit);

Purpose

Set a 2D plot to use polar coordinates.

Return Value

None.

Parameter

CPlot::polarPlot

angle_unit Specify the unit for measurement of an angular position. The following options are available:

PLOT_ANGLE DEG Angles measured in degree.
PLOT_ANGLE_RAD Angles measured in radian.

Description

Set a 2D plot to polar coordinates. In polar mode, two numbers, 8 and r, are required for each point. First

two arguments in member functions CPlot::data2D() and CPlot::data2DCurve() are the phase angle 6 and

magnitude r of points to be plotted.

plot.sizeRatio(1l);

plot.label (PLOT_AXIS_XY, NULL);
plot.border (PLOT_BORDER_ALL, PLOT_OFF) ;
plot.ticsLocation (PLOT_AXIS_XY, "axis");
plot.ticsMirror (PLOT_AXIS_XY, PLOT_OFF);

The plot is generated by calling the following member functions internally.

// aspect ratio 1
// no label

// no border

// tics on axis

// no tics on mirror

You can change the apperances of the function by calling the member functions to change the default look.
Example 1
Compare with the example output in CPlot::border().

/* File: polarPlot.ch =/
#include <math.h>
#include <chplot.h>

int main() {

}

int numpoints = 360;
array double thetal[numpoints], r[numpoints];
class CPlot plot;

lindata (0, M_PI, theta);

r = sin(5*theta); // Y-axis data.
plot.polarPlot (PLOT_ANGLE_RAD) ;

plot.dataz2D (theta, r);

plot.plotting();

Output
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Example 2

/* File: polarPlot_2.ch */

#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 360;

array double theta[numpoints],

class CPlot plot;

plot.polarPlot (PLOT_ANGLE_RAD) ;

plot.grid (PLOT_ON) ;

lindata (0, M_PI, theta);

r = sin(5*theta);

plot.data2D (theta, r);
plot.legend("sin (5theta)",

r = cos (5*theta);

plot.data2D (theta, r);
plot.legend("cos (5theta)",

plot.plotting () ;

Output

0);

1);

r [numpoints];

// Y-axis data.

// Y-axis data.
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“..... sin(5theta)
‘cos(Stheta)

Example 3

/* File: polarPlot_3.ch */
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 360;
array double thetal[numpoints], r[numpoints];
class CPlot plot;

lindata (0, M_PI, theta);

r = sin(5xtheta); // Y-axis data.
plot.polarPlot (PLOT_ANGLE_RAD) ;

plot.data2D (theta, r);

plot.tics (PLOT_AXIS_XY, PLOT_OFF) ;

plot.axis (PLOT_AXIS_XY, PLOT_OFF);
plot.plotting () ;

Output

See Also
CPlot::grid().
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CPlot::polygon

CPlot::polygon

Synopsis

#include <chplot.h>

int polygon(double x[:], double y[:], ... /* double z[:]; [int num] */);
Syntax

polygon(x, y)

polygon(x, y, num)

polygon(x, y, z)

polygon(x, y, z, num)

Purpose
Add a polygon to a plot.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

x An array containing the x coordinates of the vertices of the polygon.
vy An array containing the y coordinates of the vertices of the polygon.
z An array containing the z coordinates of the vertices of the polygon.
num The number of elements of arrays x, y, and z.

Description

This function adds a polygon to a plot. It is a convenience function for creation of geometric primi-

tives. A polygon added with this function is counted as a data set for later calls to CPlot::legend() and

CPlot::plotType(). For 2D rectangular plots and 3D cartesian plots, x, y, and z contain the polygon vertices

specified in units of the x, y, and z axes. However, for 2D plots, z is ignored. For 2D polar and 3D cylindrical

plots, the locations of the vertices are specified in polar coordinates where x is 6, y is 1, and z is unchanged.

Again, for 2D plots, z is ignored. For 3D plots with spherical coordinates x is 6, y is ¢ and z is r. Each of the

points is connected to the next in a closed chain. The line type and width vary depending on the terminal

type used (see CPlot::outputType). Typically, changing the line type will change the color of the line or

make it dashed or dotted. All terminals support at least six different line types.

Example 1

/+ File: polygon.ch =/
#include <chplot.h>

int main() {
double x[5] = {3, 2, 1, 2, 3}, yI[5] = {2, 3, 2, 1, 2};
class CPlot plot;

plot.polygon(x, vy);
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plot.sizeRatio(-1);

plot.axisRange (PLOT_AXIS_XY, 0, 4);
plot.text ("Ch", PLOT_TEXT_CENTER, 2,
plot.plotting () ;

Output

2);

35

25 |

15

05 |

Example 2

/* File: polygon_2.ch */
#include <chplot.h>
#include <math.h>

int main () {
double thetal4] = {30, 60, 30, 30}, r
class CPlot plot;

plot.grid (PLOT_ON) ;
plot.polarPlot (PLOT_ANGLE_DEG) ;
plot.polygon (theta, r);

plot.plotType (PLOT_PLOTTYPE_LINES, 0);

plot.lineType (0, 3, 4);
plot.sizeRatio(-1);

plot.axisRange (PLOT_AXIS_XY, 0, 5);
plot.plotting () ;

Output

(4] = {1, 3,

’
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0 1
Example 3
/* File: polygon_3.ch =/
#include <chplot.h>
int main () {
double x[7] = {0, 2, 2, 2, 0, O,
z[7] = {0, O, 4, 4, 4, O,

class CPlot plot;

int datasetnum, pointtype, pointsize;

plot.dimension(3);
plot.polygon(x, y, z);

plot.point (0, 0, 0);
plot.point (2, 0, 0);
plot.point (2, 0, 4);
plot.point (2, 3, 4);
plot.point (0, 3, 4);
plot.point (0, 3, 0);

for (datasetnum=1, pointtype=1,
datasetnum <= 6;
datasetnum++, pointtype++,

plot.colorBox (PLOT_OFF) ;
plot.plotting () ;

Output

yI[7]

pointsize=1;

pointsize++)

plot.plotType (PLOT_PLOTTYPE_POINTS,

datasetnum, pointtype,
plot.removeHiddenLine (PLOT_OFF) ;
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AN AL N

See Also

CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(), CPlot::data3DCurve(),
CPlot::data3DSurface(), CPlot::circle(), CPlot::line(), CPlot::outputType(), CPlot::plotType(),
CPlot::point(), CPlot::rectangle().

CPlot::rectangle

Synopsis

#include <chplot.h>

int rectangle(double x, double y, double width, double height);
Purpose

Add a rectangle to a 2D plot.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

x The x coordinate of the lower-left corner of the rectangle.
y The y coordinate of the lower-left corner of the rectangle.
width The width of the rectangle.

height The height of the rectangle.

Description
This function adds a rectangle to a 2D plot. It is a convenience function for creation of geometric primi-
tives. A rectangle added with this function is counted as a data set for later calls to CPlot::legend() and
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CPlot::rectangle

CPlot::plotType(). For rectangular plots, x and y are the coordinates of the lower-left corner of the rectan-

gle. For polar plots, the coordinates of the lower-left corner are given in polar coordinates where x is theta

and y is r. In both cases the width and height are the dimensions of the rectangle in rectangular coordinates.

Example 1

/+ File: rectangle.ch */

#include <chplot.h>

int main() {
double x1 = 3, yl = -3, widthl = 3,
double x2 = -2, y2 = -2, width2 = 4

class CPlot plot;

heightl = 5;
, height2 = 2;

plot.rectangle(xl, yl, widthl, heightl);
plot.rectangle (x2, y2, width2, height2);
plot.sizeRatio(-1);
plot.axisRange (PLOT_AXIS_X, -3, 7);
plot.axisRange (PLOT_AXIS_Y, -4, 3);
plot.axis (PLOT_AXIS_XY, PLOT_OFF);
plot.text ("large", PLOT_TEXT_CENTER, 4.5, -0.5);
plot.text ("small", PLOT_TEXT_CENTER, 0, -1);
plot.plotting();
}
Output
3
5L
1L
ol
> large
-1 small
.2 -
.3 -
" ! ! ! !
2 0 2 4
X
Example 2
/* File: rectangle_2.ch «*/
#include <chplot.h>
int main() {
double thetal = -60, rl = 4, widthl = 3, heightl = 5;

class CPlot plot;

plot.
.polarPlot (PLOT_ANGLE_DEG) ;

plot

plot.
.plotType (PLOT_PLOTTYPE_LINES,

plot

grid (PLOT_ON) ;

rectangle (thetal, rl, widthl, heightl);

0);
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plot.lineType (0, 1, 25);
plot.sizeRatio(-1);

plot.axisRange (PLOT_AXIS_X, 0, 6);
plot.axisRange (PLOT_AXIS_Y, -5, 2);
plot.axis (PLOT_AXIS_XY, PLOT_OFF);
plot.border (PLOT_BORDER_ALL, PLOT_ON);
plot.plotting () ;

Output

See Also

CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(), CPlot::data3DCurve(),
CPlot::data3DSurface(), CPlot::circle(), CPlot::line(), CPlot::outputType(), CPlot::plotType(),
CPlot::point(), CPlot::polygon().

CPlot::removeHiddenLine

Synopsis
#include <chplot.h>
void removeHiddenLine(int flag);

Purpose
Enable or disable hidden line removal for 3D surface plots.

Return Value
None.

Parameter

flag This parameter can be set to:
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PLOT_ON Enable hidden line removal.
PLOT_OFF Disable hidden line removal.

Description

Enable or disable hidden line removal for 3D surface plots. This option is only valid for 3D plots with a
plot type set to PLOT_PLOTTYPE_LINES or PLOT_PLOTTYPE_LINESPOINTS with surface display
enabled. By default hidden line removal is enabled. This function should be called after data set are added
to the plot. The PLOT_CONTOUR_SURFACE option for CPlot::contourMode() does not work when
hidden line removal is enabled. CPlot::point() cannot be used when hidden line removal is enabled. By
default, the hidden lines are removed.

Example 1
Compare with the output for the example in CPlot::data3D(), CPlot::contourLabel(), and
CPlot::contourLevels().

/* File: removeHiddenLine.ch =/
#include <math.h>
#include <chplot.h>

int main() |
double x[20], y[30], z[600];
int i, 3;
class CPlot plot;

lindata (-3, 3, x);
lindata (-4, 4, vy);
for (i=0; 1i<20; 1i++) {
for (j=0; 3j<30; J++) {
z[30xi+3] = 3% (1-x[1])*(1-x[i]) *exp (- (x[1]*x[1])-(y[JI1+1) *(
- 10%(x[1]/5 — x[il*x[i]*x[i]-pow(y[]],5)) *xexp (-x[1]*x[i]-y

y[jl+1))
’ [
- 1/3%exp (- (x[1]+1) * (x[1]1+1) -y [J1*y[3]);

J1*y[3]1)

plot.data3D(x, vy, z);

plot.plotType (PLOT_PLOTTYPE_LINES, O0);
plot.removeHiddenLine (PLOT_OFF) ;
plot.plotting () ;

Output
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Example 2

/* File: removeHiddenLine_2.ch */
#include <math.h>
#include <chplot.h>

int main() {
double x[30], y[30], z[900];
double r;
int i, J;
class CPlot plot;

lindata (=10, 10, x);
lindata(-10, 10, vy);
for (i=0; i<30; 1i++) {

for (j=0; 3<30; J++) {

r = sqrt(x[i]*x[i]+y[31*y[J]);

z[30%i+j] = sin(r)/r;

}
plot.data3D(x, y, z);

plot.removeHiddenLine (PLOT_OFF) ;

plot.plotting();

Output
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See Also

CPlot::scaleType

CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSurface(), CPlot::contourMode(),

CPlot::plotType(), CPlot::point(), CPlot::showMesh().

CPlot::scaleType

Synopsis
#include <chplot.h>
void scaleType(int axis, int scale_type, ... /* [double base] */ );

Syntax
scaleType(axis, scale_type)
scaleType(axis, scale_type, base)

Purpose
Set the axis scale type for a plot.

Return Value
None.

Parameters

axis The axis to be modified. Valid values are:

PLOT _AXIS X Select the x axis only.
PLOT _AXIS X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
PLOT _AXIS_Y2 Select the y2 axis only.
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PLOT_AXIS_Z Select the z axis only.
PLOT_AXIS XY Select the x and y axes.
PLOT_AXIS XYZ Select the x, y, and z axes.

scale_type The scale type for the specified axis. Valid values are:

PLOT_SCALETYPE_LINEAR Use a linear scale for a specified axis.
PLOT_SCALETYPE_LOG Use a logarithmic scale for a specified axis.

base The base for a log scale. For log scales the default base is 10.

Description
Using this function an axis can be modified to have a logarithmic scale. By default, axes are in linear scale.
For a semilog scale in the x-coordinate, call the member function

plot.scaleType (PLOT_AXIS_X, PLOT_SCALETYPE_LOG) ;
For a logarithmic base 2, call the member function

plot.scaleType (PLOT_AXIS_X, PLOT_SCALETYPE_LOG, 2); // log base = 2
Example

/* File: scaleType.ch =*/
#include <math.h>
#include <chplot.h>

int main () {
int numpoints = 30;
array double x[numpoints], y[numpoints];

class CPlot plot;

logspace (x, -1, 2);
y = exp(x); // Y-axis data.
plot.scaleType (PLOT_AXIS_XY, PLOT_SCALETYPE_LOG) ;
plot.ticsFormat (PLOT_AXIS_XY, "%.2e");
plot.data2D (x, Vv);
plot.plotting();

}

Output
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CPlot::showMesh

CPlot::showMesh

Synopsis
#include <chplot.h>
void showMesh(int flag);

Purpose
Display 3D data.

Return Value
None.

Parameters

flag This parameter can be set to:

PLOT_ON Enable the display of 3D data.
PLOT_OFF Disable the display of 3D data.

Description

Enable or disable the display of 3D data. If this option is disabled, data points or lines will not be drawn.

This option is useful with CPlot::contourMode() to display contour lines without the display of a surface

grid.

Example 1

Compare with the output for the example in CPlot::contourLabel().

/* File: showMesh.ch */
#include <math.h>
#include <chplot.h>
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int main() |
double x[20], vI[30], z[600];
double levels[10];
int datasetnum =0, i, 7Jj;
class CPlot plot;

lindata (-6, 6, levels);
lindata (-3, 3, x);
lindata (-4, 4, vy);
for (i=0; i<20; 1i++) {
for (j=0; 3<30; J++) {
z[30*%i+3] = 3% (1-x[1])* (1-x[1])*exp (- (x[
- 10x (x[1]/5 — x[i]*x[i]*x[1i]-pow(y[]j],5

1]*x[1])=(y[J1+1) = (y[J1+1))
,5) [
- 1/3%exp (- (x[1]1+1) * (x[1]1+1) -y [J1*y[3]);

)*exp (-x[1]*x[1]-y[31*y[J])

plot.data3D(x, vy, 2z);

plot.plotType (PLOT_PLOTTYPE_LINES, datasetnum);
plot.contourLabel (PLOT_ON) ;

plot.showMesh (PLOT_OFF) ;

plot.contourMode (PLOT_CONTOUR_SURFACE) ;
plot.contourlLevels (levels);

plot.colorBox (PLOT_OFF) ;

plot.plotting();

Output

bbANvoNvsO®

Example 2

/* File: showMesh_2.ch */
#include <math.h>
#include <chplot.h>

int main() {
double x[30], y[30], z[900];
double r;
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int datasetnum =0, i, J;
class CPlot plot;

lindata (=10, 10, x);
lindata (=10, 10, vy);
for (i=0; i<30; 1i++) {
for (3=0; 3j<30; Jj++) {
r = sqrt(x[i]*»x[i]+y[J]l*y[]]);
z[30xi+j] = sin(r)/r;

plot.data3D(x, vy, 2z);

plot.plotType (PLOT_PLOTTYPE_LINES, datasetnum);
plot.contourLabel (PLOT_ON) ;

plot.showMesh (PLOT_OFF) ;

plot.contourMode (PLOT_CONTOUR_SURFACE) ;
plot.colorBox (PLOT_OFF) ;

plot.plotting () ;

Output

See Also
CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSurface(), CPlot::contourMode(),
CPlot::plotType().

CPlot::size

Synopsis
#include <chplot.h>
void size(double x_scale, double y_scale);

Purpose
Scale the plot itself relative to the size of the output file or canvas.
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Return Value
None.

Parameters

x_scale A positive multiplicative scaling factor in the range (0, 1) for the x direction.
y_scale A positive multiplicative scaling factor in the range (0, 1) for the y direction.

Description

This function can be used to scale a plot itself relative to the size of the output file or canvas. If the plot
is displayed on a screen, the plot is scaled relative to the size of its canvas. If the plot is saved to a file, or
output to the stdout stream, the size of the plot image is scaled relative to the output file. For a plot with
subplots, this function should be called before CPlot::subplot() is called.

Example

/+ File: size.ch =*/
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];
class CPlot plot;

lindata (0, 360, x);
y = sin(x*M_PI/180);
plot.data2D (x, Vv);
plot.size (.5, .5);
plot.plotting () ;

}

Output
1
o 7N ]
06 / \ .
0.4 7// \\\ B
0.2/ \ g
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02} ' g
04 | \ /,’ i
0.6 |- \ // R
08 } 4
1 I I I I \ 4 I
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X
See Also

CPlot::size3D(), CPlot::sizeOutput(), and CPlot::sizeRatio().

CPlot::size3D
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Synopsis
#include <chplot.h>
void size3D(float scale, float z_scale);

Purpose
Scale a 3D plot.

Return Value
None.

Parameters

scale A positive multiplicative scaling factor that is applied to the entire plot.
z_scale A positive multiplicative scaling factor that is applied to the z-axis only.

Description
This function can be used to scale a 3D plot to the desired size. By default, scale and z_scale are both 1.

Example
Compare with the output for examples in CPlot::data3D() and CPlot::data3DSurface().

/* File: size3D.ch */
#include <math.h>
#include <chplot.h>

int main() {
double x[20], y[30], z[600];
int 1, 3;
class CPlot plot;

lindata (-3, 3, x);
lindata (-4, 4, vy);
for (i=0; i<20; 1i++) {
for (3=0; 3j<30; Jj++) {
z[30x1i+3] = 3x(1l-x[1])*(1-x[1])*exp (- (x[
- 10*(x[1]/5 - x[i]*x[i]*x[i]-pow(y[3],5

1]#x[1]) = (y[31+1) = (v [3]1+1))
;9) i [
- 1/3xexp (= (x[1]+1) » (x[1]+1) —y [J]*y [3]);

)*exp (-x[1]*x[1]-y[31*y[J])

}
}
plot.data3D(x, y, z);
plot.size3D (0.5, 2);
plot.plotting();
}

Output
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See Also
CPlot::size().

bdAdbonsowm

CPlot::sizeOutput

CPlot::sizeOutput

Synopsis
#finclude <chplot.h>
void sizeOutput(int xpixels, int ypixels);

Purpose
Change the size of an output file.

Return Value
None.

Parameters

xpixels A positive integral number for the number of pixels in the x direction.

ypixels A positive integral number for the number of pixels in the y direction.

Description

This function can be used to change the default size (640x480) of an output image file for the plot.

Example

/* File: sizeOutput.ch =/
#include<math.h>
#include<chplot.h>

#define NUM 36
int main() {
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int i, xpixels = 400, ypixels=600;
double x[NUM], yI[NUM];
class CPlot plot;

; 1<NUM; 1i++) |
= 0 + i%360.0/(NUM-1); // linspace(x, 0, 360)
= sin(x[1]*M_PI/180); // Y-axis data

plot.data2DCurve (x, y, NUM);

plot.outputType (PLOT_OUTPUTTYPE_FILE, "png", "sizeOutput.png");
plot.sizeOutput (xpixels, ypixels); // size of image is 400x600 pixels
plot.plotting () ;

return 0;

}

See Also
CPlot::size(), CPlot::size3D(), and CPlot::sizeRatio().

CPlot::sizeRatio

Synopsis
#include <chplot.h>
void sizeRatio(float ratio);

Purpose
Change the aspect ratio for a plot.

Return Value
None.

Parameter

ratio The aspect ratio for the plot.

Description

The function sets the aspect ratio for the plot. The meaning of ratio changes depending on its value. For a
positive ratio, it is the ratio of the length of the y-axis to the length of the x-axis. So, if ratio is 2, the y-axis
will be twice as long as the x-axis. If ratio is zero, the default aspect ratio for the terminal type is used. If it
is negative, ratio is the ratio of the y-axis units to the x-axis units. So, if ratio is -2, one unit on the y-axis
will be twice as long as one unit on the x-axis.

Portability
The aspect ratio specified is not exact on some terminals. To get a true ratio of 1, for example, some
adjustment may be necessary.

Example
Compare with output for example in plotxy().

/* File: sizeRatio.ch x/
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#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 360;

array double t[numpoints], x[numpoints], y[numpoints];

class CPlot plot;

lindata (0, 2+«M_PI, t);
X = sin(2*t);

y = cos(3xt);
plot.data2D (x, Vv);

plot.title ("Parametric contour (x, y) = [sin(2x),

plot.label (PLOT_AXIS_X, "x");
plot.label (PLOT_AXIS_Y, "y");

/* both x and y axes the same length */
plot.sizeRatio(1l);
plot.plotting();

cos (3x)1");

Output
Parametric contour (x, y) = [sin(2x), cos(3x)]
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See Also

CPlot::size(), CPlot::size3D().

CPlot::smooth

CPlot::smooth

Synopsis
#include <chplot.h>
void smooth(int num, char * option);

Syntax
smooth(num, option)
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Purpose
Smooth a plotting curve by interpolation or approximation of data.

Return Value
None.

Parameters

num The data set for the curve to be smooth.
option The options smooth a curve.

Description

This function can be used to readily plot a smooth curve through your data points for a 2D plotting by
interpolation and approximation of data. However, sophisticated data processing may be performed by
preprocessing the data in your Ch program.

The argument opt ion of string type with the following values can be used to smooth the data points.

{unique | frequency | csplines | acsplines | bezier | sbezier}

The unique and frequency plot the data after making them monotonic. Each of the other options
uses the data to determine the coefficients of a continuous curve between the end points of the data. This
curve is then plotted in the same manner as a function, that is, by finding its value at uniform intervals along
the abscissa and connecting these points with straight line segments (if a line style is chosen).

If the axis range is determined automatically, the ranges will be computed such that the plotted curve lies
within the borders of the graph.

If CPlot::axisRange() is called, and the smooth option is either acspline or cspline, the sampling
of the generated curve is done across the intersection of the x range covered by the input data and the fixed
abscissa range as defined by CPlot::axisRange() for x-axis.

If too few points are available to allow the selected option to be applied, an error message is produced.
The minimum number is one for unique and frequency four for acsplines, and three for the others.

"acsplines" The acsplines option approximates the data with a “natural smoothing spline”. After
the data are made monotonic in x a curve is piecewise constructed from segments of cubic polynomials
whose coefficients are found by the weighting the data points; the weights are taken from the third
column in the data file or data in the memory. If the data is from a data file, that default can be
modified by the third entry in the option using list for CPlot::dataFile() as shown below.

plot.dataFile ("datafile", "using 1:2:(1.0)");
plot.smooth (plot.dataSetNum(), "acsplines");

bezier The bezier option approximates the data with a Bezier curve of degree n (the number of data
points) that connects the endpoints.
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"csplines" The csplines option connects consecutive points by natural cubic splines after rendering

the data monotonic.

"sbezier" The sbezier option first renders the data monotonic and then applies the bezier algo-
rithm.

"unique" The unique option makes the data monotonic in Xx; points with the same x-value are replaced
by a single point having the average y-value. The resulting points are then connected by straight line

segments.

"frequency" The frequency option makes the data monotonic in x; points with the same x-value
are replaced by a single point having the summed y-values. The resulting points are then connected

by straight line segments.

Example 1

/* File: smooth.ch */
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 8;
array double x[numpoints], y[numpoints], y2[numpoints];
class CPlot plot;

lindata (0, 360, x);
y = sin(x+*M_PI/180);
y2 = sin(x*M_PI/180);
plot.data2D (x, V);
plot.data2D (x, v2);
plot.smooth (1, "csplines");
plot.legend("sin(x)", 0);
plot.legend ("smooth sin(x)", 1);
plot.plotting();

}

Output
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Example 2
See an example on page for CPlot:plotType() on how data for an error bar are smoothed by the option

csplines.

CPlot::subplot

Synopsis
#include <chplot.h>
int subplot(int 7ow, int col);

Purpose
Create a group of subplots.

Return Value
This function returns O on success and -1 on failure.

Parameters
row The number of rows in the subplot.

col The number of columns in the subplot.

Description
This function allocates memory for (row*col)-1 instances of the CPlot class to be used in a subplot. The
location of the drawing origin and the scale for each element of the subplot is set automatically. The first
element of the subplot (an instance of the CPlot class) is created normally by the user before this function is
called. The remaining elements of the subplot are created and stored internally when this function is called.
These elements are accessible through a pointer returned by the CPlot::getSubplot() function. Calling
CPlot::subplot() with row = col = 1 has no effect.

The user interface and font size for text for the dislayed plot with subplots are different from those for a
single plot.

Example
See CPlot::getSubplot().

See Also
CPlot::origin(),CPlot::getSubplot(), CPlot::size().

CPlot::text

Synopsis
#include <chplot.h>
void text(string_t string, int just, double x, double y, ... /* double z */);

199



20:20000 300000 <chplot.h> CPlot::tics

Purpose
Add a text string to a plot.

Return Value
None.

Parameters

string The string to be added at location (x,y) for 2D plots or (x,y,z) for 3D plots. The location of the text is
in plot coordinates.

just The justification of the text. Valid values are:

PLOT_TEXT_LEFT The specified location is the left side of the text string.
PLOT_TEXT_RIGHT The specified location is the right side of the text string.
PLOT_TEXT_CENTER The specified location is the center of the text string.

x The x position of the text.
y The y position of the text.
z The z position of the text. This argument is ignored for a 2D plot.

Description
This function can be used to add text to a plot at an arbitrary location.

Example
See CPlot::arrow(), CPlot::polygon(), and CPlot::rectangle().

CPlot::tics

Synopsis
#include <chplot.h>
void tics(int axis, int flag)

Purpose
Enable or disable display of axis tics.

Return Value
None.

Parameters

axis The axis which labels are added to. This parameter can take one of the following values:

PLOT_AXIS X Select the x axis only.
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PLOT_AXIS_X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
PLOT_AXIS_Y2 Select the y2 axis only.
PLOT_AXIS_Z Select the z axis only.
PLOT_AXIS XY Select the x and y axes.

PLOT _AXIS XYZ Select the x, y, and z axes.

flag This parameter can be set to:

PLOT_ON Enable drawing of tics for the specified axis.
PLOT_OFF Disable drawing of tics for the specified axis.

Description

CPlot::tics

Enable or disable the display of tics and numerical labels for an axis. By default, tics are displayed for the x

and y axes on 2D plots and for the x, y and z axes on 3D plots.

Example

Compare with the output for examples in CPlot::data2D() and CPlot::data2DCurve().

/+ File: tics.ch =/
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];

}

class CPlot plot;

lindata (0, 360, x);

y = sin(x*M_PI/180);

plot.data2D (x, V);

plot.border (PLOT_BORDER_ALL, PLOT_ON)
plot.tics (PLOT_AXIS_XY, PLOT_OFF);
plot.plotting();

Output
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\ /

\\ /
\_/

/
/

/
/

/
/

See Also

CPlot::ticsDay

CPIlot::ticsDirection(), CPlot::ticsFormat(), CPlot::ticsLabel(), CPlot::ticsLevel(), CPlot::ticsLocation(),

and CPlot::ticsMirror().

CPlot::ticsDay

Synopsis
#include <chplot.h>
void ticsDay(int axis);

Purpose
Set axis tic-marks to days of the week.

Return Value
None.

Parameter

axis The axis parameter can take one of the following values:

PLOT_AXIS X Select the x axis only.
PLOT_AXIS_X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
PLOT_AXIS_Y2 Select the y2 axis only.
PLOT_AXIS_Z Select the z axis only.
PLOT_AXIS_XY Select the x and y axes.
PLOT_AXIS_XYZ Select the x, y, and z axes.
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Description

CPlot::ticsDirection

Sets axis tic marks to days of the week (0=Sunday, 6=Saturday). Values greater than 6 are converted into

the value of modulo 7.

Example

/* File: ticsDay.ch /
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 14;

array double x[numpoints], y[numpoints];

class CPlot plot;

lindata (0, numpoints-1, x);
Y = X.*X;
plot.ticsDay (PLOT_ON) ;
plot.data2D (x, V);
plot.plotting () ;

}

Output
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See Also
CPlot::ticsMonth(), CPlot::ticsLabel().
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CPlot::ticsDirection

Synopsis
#include <chplot.h>
void ticsDirection(int direction);
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Purpose
Set the direction in which the tic-marks are drawn for an axis.

Return Value
None.

Parameter
direction Direction tic-marks are drawn. Can be set to:

PLOT_TICS_IN Draw axis tic-marks inward.
PLOT_TICS_OUT Draw axis tic-marks outward.

Description

Set the direction in which tic-marks are drawn in the inward or outward direction from the axes. The default
is PLOT_TICS_IN.

Example
Compare with the output for examples in CPlot::data2D() and CPlot::data2DCurve().

/* File: ticsDirection.ch =*/
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];
class CPlot plot;

lindata (0, 360, x);
y = sin(x*M_PI/180);
plot.ticsDirection (PLOT_TICS_OUT) ;
plot.data2D (x, V);
plot.plotting();

}

Output
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See Also
CPlot::ticsDay(), CPlot::ticsLabel(), CPlot::ticsLocation(), and CPlot::ticsMonth().

CPlot::ticsFormat

Synopsis
#include <chplot.h>
void ticsFormat(int axis, string_t format);

Purpose
Set the number format for tic labels.

Return Value
None.

Parameters

axis The axis to be modified. Valid values are:

PLOT_AXIS X Select the x axis only.
PLOT_AXIS_X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
PLOT_AXIS_Y2 Select the y2 axis only.
PLOT_AXIS_Z Select the z axis only.
PLOT_AXIS XY Select the x and y axes.
PLOT_AXIS _XYZ Select the x, y, and z axes.

format A C-style conversion specifier. Any conversion specifier suitable for double precision floats is ac-
ceptable, but other formats are available.

Description
This function allows for custom number formats for tic-mark labels. The default format is "%g". The table
below gives some of the available tics formats in C style.

Format Effect
st Decimal notation for a floating point number. By default, 6 digits are displayed after

the decimal point.
%$e or $E  Scientific notation for a floating point value. There is alwayse one digit to the left of

the decimal point. By default, 6 digits are displayed to the right of the decimal point.
$gor $G A floating point number. If the value requires an exponent less than -4 or greater than the

precision, e or E is used, otherwise f is used.
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These format specifiers can be used with the standard C flag characters (-, +, #, etc.), minimum field width
specifications and precision specifiers for function fprintf(). See fprintf() for details.

Examples:
format number output
) i 234.5678 | 234.567800
7% .27 | 234.5678 234.57
”%e” 123.456 | 0.123456e+03
”%E” 123.456 | 0.123456E+03
”%5.0f” 125.0 125
”%#5.0f” 125.0 125.
Example

Compare with the output for examples in CPlot::data2D() and CPlot::data2DCurve().

/+* File: ticsFormat.ch =*/
#include <math.h>
#include <chplot.h>

int main() |
int numpoints = 36;
array double x[numpoints], y[numpoints];
class CPlot plot;

lindata (0, 360, x);
y = sin(x*M_PI/180);
plot.data2D (x, V);
plot.ticsFormat (PLOT_AXIS_X, "%.1f");
plot.plotting();
}

Output
1 / \\
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// \\
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\
\\
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\
/ \\
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/'/ \
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> of \\ 7
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\ /
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\ /
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\ /
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. \ /
\ /
\
-0.6 | \\ )
\ /
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08 | \ ////
1 . . . . . . .
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X
See Also

CPlot::ticsLabel(), fprintf().
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CPlot::ticsLabel

Synopsis
#include <chplot.h>
void ticsLabel(int axis, ... /* [ [string_t label, double position], ... | */);

Syntax

ticsLabel(axis) /* does nothing */
ticsLabel(axis, label, position)

ticsLabel(axis, label, position, label2, position2)
etc.

Purpose
Add tic-marks with arbitrary labels to an axis.

Return Value
None.

Parameters

axis The axis which labels are added to. This parameter can take one of the following values:

PLOT _AXIS X Select the x axis only.
PLOT_AXIS_X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
PLOT_AXIS_Y2 Select the y2 axis only.
PLOT_AXIS_Z Select the z axis only.
PLOT_AXIS XY Select the x and y axes.
PLOT_AXIS_XYZ Select the x, y, and z axes.

label The tic-mark label.
position The position of the tic-mark on the axis.

Description

Add tic marks with arbitrary labels to an axis. The axis specification is followed by one or more pairs of
arguments. Each pair consists of a label string and a double precision floating point position. This function
disables numerical labels for the specified axis. This function can be called multiple times to set tic labels

for an axis.

Example
Compare with the output for examples in CPlot::data2D() and CPlot::data2DCurve().

207



20:2D000 30000 <chplot.h>

/+ File: ticsLabel.ch x/
#include <math.h>
#include <chplot.h>

int main() |
int numpoints = 36;
array double x[numpoints], y[numpoints];
class CPlot plot;

lindata (0, 360, x);

y = sin(x*M_PI/180);

plot.label (PLOT_AXIS_X, "date");
plot.label (PLOT_AXIS_Y, "value");
plot.data2D (x, V);

plot.plotType (PLOT_PLOTTYPE_IMPULSES, 0);
plot.axisRange (PLOT_AXIS_X, 0, 400);

plot.ticsLabel (PLOT_AXIS_X, "2/1", 0, "2/2", 50,
"2/3", 100, "2/4", 150, "2/5", 200,

400) ;

"the middle", O,

"2/7", 300, "2/8", 350, "2/9",
plot.ticsLabel (PLOT_AXIS_Y, "the bottom", -1,

"the top", 1);
plot.plotting();

"2/6", 250,

Output
the top
g \
2 the middle ‘
>
the bottom - ‘ . - ‘ . -
2/2 2/3 2/4 2/5 2/6 217 2/8
date
See Also

CPlot::ticsDirection(), CPlot::ticsFormat(), CPlot::ticsLevel(), CPlot::ticsLocation().

2/9

CPlot::ticsLevel

CPlot::ticsLevel

Synopsis
#include <chplot.h>
void ticsLevel(double level);
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Purpose
Set the z-axis offset for drawing of tics in 3D plots.

Return Value
None.

Parameters

level The distance between the xy plane and the start of tic-marks on the z axis as a multiple of the full z
range. This can be any non-negative number.

Description

This function specifies an offset between the xy plane and the start of z-axis tics-marks as a multiple of the
full z range. By default the value for level is 0.5, so the z offset is a half of the z axis range. To place the
xy-plane at the specified position pos on the z-axis, level shall equal (zmin-pos)/(zmax-zmin).

A

Z

Zmax

zmin

offset

pos _Y_ -
X

level = (zmin - pos)/(zmax - zmin)
offset = level * (zmax - zmin)

Example
Compare with the output for examples in CPlot::data3D() and CPlot::data3DSurface().

/* File: ticsLevel.ch x/
#include <math.h>
#include <chplot.h>

int main() {
double x[20], y[30], z[600];
int i, 3;
class CPlot plot;

lindata (-3, 3, x);
lindata (-4, 4, vy);
for (i=0; i<20; 1i++) {
for (j=0; 3<30; J++) {
z[30*%i+3] = 3% (1-x[1])* (1-x[i])*exp(—(x[1]+x[1])—-(y[J]1+1) «(
= 10% (x[1]/5 = x[i]*x[1i]*x[i]-pow(y[J],5))*xexp(-x[1]*x[1]-y

y[31+1))
’ [
- 1/3%exp (= (x[11+1) » (x[1]+1) -y [JI*y[]]);

J1*y[31)

}
}
plot.data3D(x, vy, z);
plot.ticsLevel (.25);
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plot.title("tics level = 0.25");
plot.plotting();

plot.ticsLevel (0);
plot.title("tics level = 0");
plot.plotting();

Output

tics level = 0.25
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z 6
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CPlot::ticsLocation

Synopsis
#include <chplot.h>
void ticsLocation(int axis, string_t location)

210



20:20000 300000 <chplot.h> CPlot::ticsLocation

Purpose
Specify the location of axis tic marks to be on the border or the axis.

Return Value
None.

Parameters

axis The axis parameter can take one of the following values:

PLOT_AXIS X Select the x axis only.
PLOT_AXIS_X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
PLOT_AXIS_Y2 Select the y2 axis only.
PLOT_AXIS XY Select the x and y axes.

location Tic marks are placed on the plot border with "border™ or on the axis itself with "axis". By

default, tic marks are on the border.

Description
Specify the location of axis tic marks to be on the plot border or the axis itself.

Example
Compare with the output for examples in CPlot::data2D() and CPlot::data2DCurve().

/+* File: ticsLocation.ch x/
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];

class CPlot plot;

lindata (-M_PI, M_PI, Xx);
y = sin(x);
plot.data2D (x, V);
plot.ticsLocation (PLOT_AXIS_XY, "axis");
plot.border (PLOT_BORDER_ALL, PLOT_OFF);
plot.label (PLOT_AXIS_XY, NULL);
plot.text ("y label", PLOT_TEXT_CENTER, 0, 1.15, 0);
plot.text ("x", PLOT_TEXT_CENTER, 4.25, 0, 0);
plot.margins (-1, -1, 2, -1); /x adjust top margin for y label =x/
plot.plotting();

}

Output
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See Also
CPlot::tics(), CPlot::ticsDirection(), CPlot::ticsFormat(), CPlot::ticsLabel, CPlot::ticsLevel(),
CPlot::ticsLocation, and CPlot::ticsMirror().

CPlot::ticsMirror

Synopsis
#include <chplot.h>
void ticsMirror(int axis, int flag)

Purpose
Enable or disable the display of axis tics on the opposite axis.

Return Value
None.

Parameters

axis The axis which labels are added to. This parameter can take one of the following values:

PLOT_AXIS X Select the x axis only.
PLOT_AXIS_X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
PLOT_AXIS_Y2 Select the y2 axis only.
PLOT_AXIS_Z Select the z axis only.
PLOT_AXIS_XY Select the x and y axes.
PLOT_AXIS_XYZ Select the x, y, and z axes.

212



20:20000 300000 <chplot.h> CPlot::ticsMonth

flag This parameter can be set to:

PLOT_ON Enable drawing of tics for the specified axis.
PLOT_OFF Disable drawing of tics for the specified axis.

Description
Enable or disable the display of tics on the opposite (mirror) axis. By default, on both 2D and 3D plots, tics
on the opposite axis are displayed.

Example
Compare with output for example in CPlot::border().

/* File: ticsMirror.ch =*/
#include <math.h>
#include <chplot.h>

int main() {
int numpoints = 36;
array double x[numpoints], y[numpoints];
class CPlot plot;

lindata (0, 360, x);
y = sin(x*M_PI/180);
plot.data2D (x, Vy);
plot.border (PLOT_BORDER_ALL, PLOT_ON);
plot.ticsMirror (PLOT_AXIS_XY, PLOT_OFF);
plot.plotting () ;

}

Output
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See Also

CPlot::tics(), CPlot::ticsDirection(), CPlot::ticsFormat(), CPlot::ticsLabel(), CPlot::ticsLevel(),
CPlot::border(), and CPlot::ticsLocation().
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CPlot:

Synopsis

:ticsMonth

#include <chplot.h>
void ticsMonth(int axis);

Purpose

Set axis tic-marks to months.

Return Value

None.

Parameter
axis The axis to be changed. Valid values are:

PLOT_AXIS X Select the x axis only.
PLOT_AXIS_X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
PLOT_AXIS_Y2 Select the y2 axis only.
PLOT _AXIS_Z Select the z axis only.
PLOT_AXIS XY Select the x and y axes.
PLOT _AXIS XYZ Select the x, y, and z axes.

Description

CPlot::ticsMonth

Sets axis tic marks to months of the year (1=January, 12=December). Values greater than 12 are converted

into the value of modulo 12.

Example

/* File:
#include
#include

ticsMonth.ch %/
<math.h>
<chplot.h>

int main() {
array double x[12], yI[12];
string_t title="Month tics",

xlabel="x",
ylabel="y";

class CPlot plot;

lindata (0, 12, x);

y =

plot.
plot.
plot.
plot.
plot.
.plotting () ;

plot

X.*X;

ticsMonth (PLOT_AXIS_X) ;
title(title);

label (PLOT_AXIS_X, xlabel);
label (PLOT_AXIS_Y, vylabel);
data2D (x, VY);
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Output
Month tics
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X
See Also

CPlot::ticsDay(), CPlot::ticsLabel().

CPlot::ticsPosition

Synopsis
#include <chplot.h>
void ticsPosition(int axis, double positionl], ... /* [double position2], ... | */);

Syntax

ticsPosition(axis, position)
ticsPosition(axis, positionl, position2)
etc.

Purpose
Add tic-marks at the specified positions to an axis.

Return Value
None.

Parameters
axis The axis which tics are added to. This parameter can take one of the following values:

PLOT_AXIS_X Select the x axis only.
PLOT_AXIS_X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
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PLOT_AXIS_Y2 Select the y2 axis only.
PLOT _AXIS_Z Select the z axis only.
PLOT_AXIS XY Select the x and y axes.
PLOT_AXIS_XYZ Select the x, y, and z axes.

position The position of the tic-mark on the axis.

Description

Add tic marks at the specified positions to an axis. The axis specification is followed by one or more position
values of double precision floating point numbers. This function disables numerical labels for the specified
axis. This function can be called multiple times to set tic positions for an axis. In this form, the tics do not
need to be listed in numerical order.

Examples
See an example on page [164 using for CPlot:ticsPosition() for the x-axis for date.

See Also
CPlot::ticsDirection(), CPlot::ticsFormat(), CPlot::ticsLevel(), CPlot::ticsLabel(), CPlot::ticsLocation(),
CPlot::ticsRange().

CPlot::ticsRange

Synopsis
#include <chplot.h>
void ticsRange(int axis, double incr, ... /* [double start], [double end] */);

Syntax
ticsRange(axis, incr) ticsRange(axis, incr, start)
ticsRange(axis, incr, start, end)

Purpose
Specify the range for a series of tics on an axis.

Return Value
None.

Parameters

axis The axis parameter can take one of the following values:

PLOT_AXIS_X Select the x axis only.
PLOT_AXIS_X2 Select the x2 axis only.
PLOT_AXIS_Y Select the y axis only.
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PLOT_AXIS_Y2 Select the y2 axis only.
PLOT_AXIS_Z Select the z axis only.
PLOT_AXIS XY Select the x and y axes.
PLOT_AXIS _XYZ Select the x, y, and z axes.

incr The increment between tic marks. By default or when incr is 0, the increment between tic marks is
calculated internally.

start The starting value for tics.
end The end value for tics.

Description

The range for a series of tics on an axis can be explicitly specified with this function. Any previously
specified labeled tic-marks are overridden. The implicit start, incr, end form specifies that a series of
tics will be plotted on the axis between the values start and end with an increment of incr. If end is
not given, it is assumed to be infinity. The increment may be negative. If neither start nor end is given,
start is assumed to be negative infinity, end is assumed to be positive infinity, and the tics will be drawn
at integral multiples of incr. If the axis is logarithmic specified by the member function scaleType(), the
increment will be used as a multiplicative factor.

Example

See CPlot::axisRange().

See Also

CPlot::axisRange(), CPlot::ticsPosition(), CPlot::ticsLabel().

CPlot::title

Synopsis
#include <chplot.h>
void title(string_t title);

Purpose
Set the plot title.

Return Value
None.

Parameters

title The plot title.

Description
Add a title string to an existing plot variable. For no title, NULL can be specified. By default, no title is
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specified.

Example

Compare with the output for examples in CPlot::data2D() and CPlot::data2DCurve().

/* File: title.ch x/
#include <math.h>
#include <chplot.h>

int main () {
int numpoints = 36;
array double x[numpoints], y[numpoints];
string_t title="Sine Wave"; // Define labels.

class CPlot plot;

lindata (0, 360, x);
y = sin(x*M_PI/180);
plot.title(title);
plot.data2D (x, Vv);
plot.plotting();

}

Output

Sine Wave

08 1
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02| \ / g
04 } \ / 4
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See Also
CPlot::1abel(), CPlot::getLabel(), CPlot::getTitle().
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fplotxy

fplotxy

Synopsis
#include <chplot.h>
int fplotxy(double (*func)(double x), double x0, double xf, ...
/* [int num, [string_t title, string_t xlabel, string_t ylabel], [class CPlot *pl]] */);

Syntax

fplotxy(func, x0, xf)

fplotxy(func, x0, xf, num)

fplotxy(func, x0, xf, num, title, xlabel, ylabel)
fplotxy(func, x0, xf, num, &plot)

fplotxy(func, x0, xf, num, title, xlabel, ylabel, &plot)

Purpose
Plot a 2D function of x in the range x0 < x < xf.

Return Value
This function returns O on success and -1 on failure.

Parameters

func A pointer to a function that takes a double as an argument and returns a double.
x0 The lower bound of the range to be plotted.

xf The upper bound of the range to be plotted.

num The number of points to be plotted. The default is 100.

title The title of the plot.

xlabel The x-axis label.

ylabel The y-axis label.

pl A pointer to an instance of the CPlot class.

Description

Plot a 2D function of x in the range x0 < x < xf. The function to be plotted, func, is specified as a pointer

to a function that takes a double as an argument and returns a double. The arguments x0 and xf are the

end-points of the range to be plotted. The optional argument num specifies how many points in the range

are to be plotted. The number of points plotted are evenly spaced in the range. By default, 100 points are

plotted. The title, xlabel, and ylabel for the plot can also optionally be specified. A pointer to a plot structure

can also be passed to this function. If a non-NULL pointer is passed, it will be initialized with the function

parameters. The plot can then be displayed using the CPlot::plotting() member function. If a previously

219



20:20000 300000 <chplot.h> fplotxy

initialized plot variable is passed, it will be re-initialized with the function parameters. If no pointer or
a NULL pointer is passed, an internal CPlot variable will be used and the plot will be displayed without
calling the CPlot::plotting() member function.

Example

/* File: fplotxy.ch =/

// Demonstrates the usage of the fplotxy () function.

// Print out a sine wave with appropriate labels and grid range.
#include <math.h>

#include <chplot.h>

int main() |
double x0 = 0, xf = 2;
int num = 200;

/* local function to be plotted =/
double func?2 (double x) {
return 1/ ((x-0.3)*(x-0.3)+0.01) + 1/((x-0.9)*(x-0.9)+0.04) - 6;
}
fplotxy (func2, x0,xf, num) ;
}

Output

100

80 [ i

40 / \ 1

w0b \ // ,

See Also
CPlot, fplotxyz(), plotxy(), plotxyf(), plotxyz(), plotxyzf().
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fplotxyz

Synopsis

#include <chplot.h>

int fplotxyz(double (*func)(double x, double y), double x0, double xf, double y0, double yf, ...
/* [int x_num, int y_num, string_t title, string_t xlabel, string_t ylabel, string_t zlabel],
[class CPlot *pl]]*/);

Syntax

fplotxyz(func, x0, xf, y0, yf)

fplotxyz(func, x0, xf, y0, yf, x_num, y_num)

fplotxyz(func, x0, xf, y0, yf, x_-num, y_num, &plot)

fplotxyz(func, x0, xf, y0, yf, x_num, y_num, title, xlabel, ylabel, zlabel)
fplotxyz(func, x0, xf, y0, yf, x_num, y_num, title, xlabel, ylabel, zlabel, &plot)

Purpose
Plot a 3D function of x and y in the range x0 < x < xfand y0 <y < yf.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

func A pointer to a function that takes two double arguments and returns a double.
x0 The lower bound of the x range to be plotted.

xf The upper bound of the x range to be plotted.

y0 The lower bound of the y range to be plotted.

yf The upper bound of the y range to be plotted.

x_num The number of points to be plotted. The default is 25.
y-num The number of points to be plotted. The default is 25.
title The title of the plot.

xlabel The x-axis label.

ylabel The y-axis label.

zlabel The z-axis label.

pl A pointer to an instance of the CPlot class.
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Description

Plot a 3D function of x and y in the range x0 < x < xfand y0 <y < yf. The function to be plotted, func, is
specified as a pointer to a function that takes two double arguments and returns a double. x0 and xf are the
end-points of the x range to be plotted. y0 and yf are the end-points of the y range to be plotted. The optional
arguments x_num and y_num specify how many points in the x and y ranges are to be plotted. The number of
points plotted are evenly spaced in the ranges. By default, x_num and y_num are 25. The title, xlabel, ylabel,
and zlabel for the plot can also optionally be specified. A pointer to a plot structure can also be passed to this
function. If a non-NULL pointer is passed, it will be initialized with the function parameters. The plot can
then be displayed using the CPlot::plotting() member function. If a previously initialized CPlot variable
is passed, it will be re-initialized with the function parameters. If no pointer or a NULL pointer is passed,
an internal CPlot variable will be used and the plot will be displayed without calling the CPlot::plotting()
member function. This function can only be used to plot 3D grid or scatter data, it cannot be used to plot
3D paths.

Example

/* File: fplotxyz.ch =%/

// Demonstrates the usage of the fplotxyz () function.

// Print out a sine wave with appropriate labels and grid range.
#include <math.h>

#include <chplot.h>

int main() {
string_t title="fplotxyz ()", // Define labels.
xlabel="X-axis",
ylabel="Y-axis",
zlabel="Z-axis";
double x0 = -3, xf = 3, y0 = -4, yvf = 4;
int x_num = 20, y_num = 50;

double func(double x, double y) { // function to be plotted
return 3% (1-x)* (1-Xx) xexp (= (x*x) — (y+1)*(y+1l) )
— 10% (X/5 — x*x*x — POW(y,5)) *exXp (—X*x—y*y)
- 1/3xexp (- (x+1) * (x+1) — y*y);

}
fplotxyz (func, x0, xf, y0, vf, x_num, y_num, title, xlabel, ylabel, zlabel);
}

Output
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fplotxyz()

Z-axis

oA NONAO®
bHAbonrsow

See Also
CPlot, fplotxy(), plotxy(), plotxyf(), plotxyz(), plotxyzf().
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plotxy

plotxy

Synopsis

#include <chplot.h>

int plotxy(double x[&], array double &y, ...

/* [int n] [string_t title, string_t xlabel, string_t ylabel],
[class CPlot *pl] */);

Syntax

plotxy(x, y)

plotxy(x, y, title, xlabel, ylabel)

plotxy(x, y, title, xlabel, ylabel, &plot)
plotxy(x, y, n)

plotxy(x, y, n, title, xlabel, ylabel)
plotxy(x, y, n, title, xlabel, ylabel, &plot)

Purpose

Plot a 2D data set or initialize an instance of the CPlot class.

Return Value
This function returns O on success and -1 on failure.

Parameters

x A one-dimensional array of size n. The value of each element is used for the x-axis of the plot.

y A m x n dimensional array containing m curves, each of which is plotted against x.

n An integer for the number of elements of array x.
title The title of the plot.

xlabel The x-axis label.

vlabel The y-axis label.

pl A pointer to an instance of the CPlot class.

Description

The arrays x and y can be of any supported data type of real numbers. Conversion of the data to double type is

performed internally. The optional argument n for the number of elements for array x is for the compatibility

with SIGL C++ graphical library. The title, xlabel, and ylabel for the plot can also optionally be specified.

A pointer to a plot structure can also be passed to this function. If a non-NULL pointer is passed, it will be

initialized with the function parameters. The plot can then be displayed using the CPlot::plotting() member

function. If a previously initialized CPlot variable is passed, it will be re-initialized with the function
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plotxy

parameters. If no pointer or a NULL pointer is passed, an internal CPlot variable will be used and the plot

will be displayed without calling the CPlot::plotting() member function.

The following code segment

class CPlot plot;

plotxy(x, y, "title", "xlabel", "ylabel", &plot);

is equivalent to

class CPlot plot;

plot.data2D(x, Vv);
plot.title("title");

plot.label (PLOT_AXIS X, "xlabel");
plot.label (PLOT_AXIS.Y, "ylabel");

The code segment

class CPlot plot;
plotxy(x, y, n, "title", "xlabel",

is equivalent to

class CPlot plot;
plot.data2DCurve (x, y, n);
plot.title("title");

plot.label (PLOT_AXIS X, "xlabel");
plot.label (PLOT_-AXIS.Y, "ylabel");
Example 1

/* File: plotxy_5.ch %/

#include <math.h>

#include <chplot.h>

int main() {
array double x[36];

lindata (0, 360, x);

plotxy (x, sin(x+*M_PI/180));
}

Output

"ylabel", &plot);
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Example 2

0.8 -

0.6 |-

04

0.2 |

02+

04

-0.6 -

08 |

/* File: plotxy.ch */
/* File: plotxy.ch

Plot data in computational arrays using function plotxu()
#include <math.h>
#include <chplot.h>

int main ()

int n

array double x[n],

lindata (0, 360, x,
y = sin(x+*M_PI/180);
plotxy (x, n,
return 0;
}
Output
1
08
06
0.4
0.2
3
£ o0
>
-0.2
0.4
-0.6
-0.8
-1
Example 3

50

y[nl;

100 150 200 250 300

number of points for the plot */
arrays with data for plotting =/

fill array x with n points from 0 to 360 =/

350

*/

y = sin(x) with x in radian =/
"function sin(x)", "x (degree)", "sin(x)");

Ch plot

400

=¥ T

50

100 150 200 250 300
xlabel
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/x File: plotxy_2.ch %/
#include <math.h>
#include <chplot.h>

int main() |
int numpoints = 36;
array double x[numpoints], yI[2] [numpoints];
int i;

class CPlot plot;

lindata (0, 360, x);
for (i=0; i<numpoints; i++) {

y[0][1i] = sin(x[1]+«M_PI/180);

y[1][i] = cos(x[1]*M_PI/180);
}
plotxy(x, y, NULL, "xlabel", "ylabel", &plot);
plot.legend("sine wave", 0);
plot.legend("cosine wave", 1);
plot.plotting();

Output
1 y .
s!ne wave
cosine wave
08 | g
06 | g
04 | / \ J
/
/ \
uz—/ \ g
T L \
< \ /
/
o2} \ / 1
\ /
04 } \ / 4
' /
/
0.6 | J
_08 - 4
71 Il Il Il Il Il — Il Il
0 50 100 150 200 250 300 350
xlabel
Example 4
/* File: plotxy_4.ch */
#include <math.h>
#include <float.h>
#include <chplot.h>
int main() {
int numpoints = 100;
array double x[numpoints], y[numpoints];
lindata (=10, 10, x);
x = x+(x==0) *FLT_EPSILON; /* if x==0, x becomes epsilon =*/

y = sin(2#*x)./x;
plotxy(x, y, "y=sin(x)/x", "x", "y");
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Output
y=sin(x)/x
’ \
[\
[
| \
15 ’\‘ ‘\ J
0‘ ‘0
| \
1 f k J
| |
| \
0s | | 1
\o ] “
0 / |
\ ] \
\ / \4/
\/ \
-0.5 L
-10 -5 0 5 10
X
Example 5

Compare with the output in the example in CPlot::sizeRatio().

/* File: plotxy_3.ch */
#include <math.h>
#include <chplot.h>

int main () {
int numpoints = 360;
array double t[numpoints], x[numpoints],
lindata (0, 2+«M_PI, t);
X = sin(2*t);
y = cos(3xt);

plotxy(x, y, "Parametric contour (x,

y) =

Output

Parametric contour (x, y) = [sin(2x), cos(3x)]

[sin(2x),

y [numpoints];

cos (3x) ] n,onxn,

1 / — — T \
08 | E
0.6 1

| |
04 L /
02 /
> 0
-0.2 7/ \,
-0.4 7“‘ “‘,
/ \
B Y
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See Also
CPlot, CPlot::data2D(), CPlot::data2DCurve(), fplotxy(), fplotxyz(), plotxyf(), plotxyz(), plotxyzf().
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plotxyf

Synopsis
#include <chplot.h>
int plotxyf(string_t file, ... /* [string_t title, string_t xlabel, string_t ylabel], [class CPlot *pl] */);

Syntax

plotxyf(file)

plotxyf(file, title, xlabel, ylabel)
plotxyf(file, title, xlabel, ylabel, &plot)

Purpose
Plot 2D data from a file or initialize an instance of the CPlot class.

Return Value
This function returns 0 on success and -1 on failure.

Parameters
file The file containing the data to be plotted.

title The title of the plot.
xlabel The x-axis label.
vlabel The y-axis label.

pl A pointer to an instance of the CPlot class.

Description

Plot 2D data from a file or initialize a CPlot variable. The data file should be formatted with each data
point on a separate line. 2D data are specified by two values per point. The title, xlabel, and ylabel, for
the plot can also optionally be specified. A pointer to a plot structure can also be passed to this function.
If a non-NULL pointer is passed, it will be initialized with the function parameters. The plot can then be
displayed using the CPlot::plotting member function. If a previously initialized CPlot variable is passed,
it will be re-initialized with the function parameters. If no pointer or a NULL pointer is passed, an internal
CPlot variable will be used and the plot will be displayed without calling the CPlot::plotting() member
function. An empty line in the data file causes a break in the plot. Multiple curves can be plotted in this
manner, however, the plot style will be the same for all curves.

The following code segment

class CPlot plot;
plotxyf ("datafile", "title", "xlabel", "ylabel", &plot);
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is equivalent to

class CPlot plot;

plot.dataFile ("datafile");
plot.title("title");

plot.label (PLOT_AXIS X, "xlabel");
plot.label (PLOT_AXIS.Y, "ylabel");

Example

/* File: plotxyf.ch x/

// Demonstrates the usage of the plotxyf () function.
#include <stdio.h>

#include <chplot.h>

#include <math.h>

int main() {
string_t title="Sine Wave", //Define
xlabel="Degrees",
ylabel="Amplitude (Inches)";
string_t file;

file = tmpnam (NULL) ; //Create temporary file.
int 1i;

FILE *out;

out=fopen (file,"w"); //Write data to file.

for (i=0;1<=359;i++) fprintf (out,"%$i %$f \n",1i,sin(i«M_PI/180));
fclose (out);

plotxyf (file,title, xlabel,ylabel); //Call plotting function.
remove (file) ;

Output
Sine Wave
1 T // ?\\
/ N\
/ \
/ \
os | \ ]
/ \
S /
[}
£ /
2 0
2
= \ /
£ \
< \\ /
/,
05 \\ //’ |
\
\ //
1 | | | | \\ 1 |
0 50 100 150 200 250 300 350 400
Degrees
See Also

CPlot, CPlot::dataFile, fplotxy(), fplotxyz(), plotxy(), plotxyz(), plotxyzf().
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plotxyz

Synopsis
#include <chplot.h>
int plotxyz(double x[&], double y[&], array double &z, ... /* [int n] [int nX, int ny]
[string_t title, string_t xlabel, string_t ylabel, string_t zlabel], [class CPlot *pl] */);

Syntax

plotxyz(x, y, z)

plotxyz(x, y, z, title, xlabel, ylabel, zlabel)

plotxyz(x, y, z, title, xlabel, ylabel, zlabel, &plot)
plotxyz(x, y, z, n)

plotxyz(x, v, z, n, title, xlabel, ylabel, zlabel)

plotxyz(x, v, z, n, title, xlabel, ylabel, zlabel, &plot)
plotxyz(x, y, z, nx, ny)

plotxyz(x, v, z, nx, ny, title, xlabel, ylabel, zlabel)
plotxyz(x, y, z, nx, ny, title, xlabel, ylabel, zlabel, &plor)

Purpose
Plot a 3D data set or initialize an instance of the CPlot class.

Return Value
This function returns 0 on success and -1 on failure.

Parameters
x A one-dimensional array of size n;. The value of each element is used for the x-axis of the plot.

y A one-dimensional array of size n,. The value of each element is used for the y-axis of the plot.

z If the data are for a 3D curve, z is a m X n, dimensional array, and n, = n, = n.. If the data are for a
3D surface or grid, z is a m x n, dimensional array, and n, = n; - ny.

n The number of data points for a 3D curve.

nx The number of data points in the x-coordinates for a 3D surface.
ny The number of data points in the y-coordinates for a 3D surface.
title The title of the plot.

xlabel The x-axis label.

ylabel The y-axis label.

zlabel The y-axis label.

232



20:20000 300000 <chplot.h> plotxyz

pl A pointer to an instance of the CPlot class.

Description

Plot a 3D data set or initialize a CPlot variable. For Cartesian data, x is a one-dimensional array of size n,,
and y is a one-dimensional array of size n,. z can be of two different dimensions depending on what type
of data is to be plotted. If the data is for a 3D curve, z is a m X n, dimensional array, and n, = n, = n,
for the the optional argument n. If the data is for a 3D surface or grid, z is a m x n, dimensional array, and
n. = ng - n, with optional arguments nx and ny. For cylindrical or spherical data x is a one dimensional
array of size n, (representing 6), y is a one dimensional array of size n, (representing z or ¢), and z is
a m x n, dimensional array (representing r). In all cases these data arrays can be of any supported data
type. Conversion of the data to double type is performed internally. The title, xlabel, ylabel, and zlabel for
the plot can also optionally be specified. A pointer to a plot structure can also be passed to this function.
If a non-NULL pointer is passed, it will be initialized with the function parameters. The plot can then be
displayed using the CPlot::plotting member function. If a previously initialized CPlot variable is passed,
it will be re-initialized with the function parameters. If no pointer or a NULL pointer is passed, an internal
CPlot variable will be used and the plot will be displayed without calling the CPlot::plotting() member
function.

The following code segment

class CPlot plot;
plotxyz(x, vy, z, "title", "xlabel", "ylabel", "zlabel", &plot);

is equivalent to

class CPlot plot;

plot.data3D(x, vy, z);
plot.title("title");

plot.label (PLOT_AXIS X, "xlabel");
plot.label (PLOT_AXIS.Y, "ylabel");
plot.label (PLOT_AXIS_Z, "zlabel");

The following code segment for plotting a 3D curve

class CPlot plot;
plotxyz(x, y, 2z, n);

is equivalent to

class CPlot plot;
plot.data3DCurve(x, y, 2z, n);

The following code segment for plotting a 3D surface
class CPlot plot;

plotxyz(x, y, z, nx, ny);
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is equivalent to

class CPlot plot;

plot.data3DSurface (x, y, 2z, nx, ny);

Example 1

/* File: plotxyz.ch x/
#include <math.h>
#include <chplot.h>

int main() {
array double x[360], yI[360], z[360];

lindata
y = sin

0, 360, x);
x*M_PI/180);

z = cos(x*M_PI/180);
plotxyz(x, vy, z, "Ch plot", "xlabel", "ylabel",
/% or

plotxyz (x, y, z, 360, "Ch plot", "xlabel", "ylabel",

Output
Ch plot
~
\
\
lr \
08
06 P
04 F [
Zlabel 0.2 )
0 F
02 | /
04 F /
06 | >
08 - 4
-1+ =
0
xlabel
Example 2

/* File: plotxyz_2.ch */
#include <math.h>
#include <chplot.h>

int main() {
array double x[360], yI[360], z[2][360];
int 1i;

lindata (0, 360, x);

y = sin(x+*M_PI/180);

for (i=0; i<360; i++) {
z[0][1] = cos(x[1]*M_PI/180);
z[1][i] = yl[i];
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}
plotxyz(x, y, z, "Ch plot", "xlabel", "ylabel", "zlabel");
/* or
plotxyz (x, vy, z, 360, "Ch plot", "xlabel", "ylabel", "zlabel"); */
}
Output
Ch plot
~
AN
A\
1r | //4
08 - //
06 /
04 r .
zlabel 02 ]
5L
02 //7/
-04 :
-06 7
-08 / |
-1 |
....................... |
|
ylabel
xlabel -
EXample 3

/* File: plotxyz_3.ch */
#include <math.h>
#include <chplot.h>

int main() {
double x[20], y[30], z[600];
int i, 3;

lindata (-3, 3, x);
lindata (-4, 4, vy);
for (i=0; i<20; 1i++) {
for (3j=0; 7J<30; Jj++) {
z[30x1i+3] = 3x(1l-x[1])*(1-x[i])*exp (= (x[1]1*»x[1])—-(y[J1+1)*(y[J1+1))
- 10%(x[1]/5 - x[il*x[1]*x[1]-pow(y[]],5))*exp (-x[1]*x[1]-y[31xy[3])
- 1/3%exp (- (x[11+1) *» (x[11+41) -y [J1*y[31);

}
}
plotxyz(x, y, z, "Ch plot", "xlabel", "ylabel", "zlabel");
/* or
plotxyz (x, y, z, 20, 30, "Ch plot", "xlabel", "ylabel", "zlabel"); */
}
Output
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Ch plot

T T

zlabel

oA NONAO®
bHAbonrsow

ylabel

See Also

CPlot, CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSurface(), fplotxy(), fplotxyz(), plotxy(),
plotxyf(), plotxyzf().
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plotxyzf

Synopsis

#include <chplot.h>

int plotxyzf(string_t file, ... /* [string_t title, string_t xlabel, string_t ylabel, string_t zlabel],
[class CPlot *pl] */);

Syntax

plotxyzf(file)
plotxyzf(file, title, xlabel, ylabel, zlabel)
plotxyzf(file, title, xlabel, ylabel, zlabel, &plot)

Purpose
Plot 3D data from a file or initialize an instance of the CPlotclass.

Return Value
This function returns O on success and -1 on failure.

Parameters

file The file containing the data to be plotted.
title The title of the plot.

xlabel The x-axis label.

vlabel The y-axis label.

zlabel The z-axis label.

pl A pointer to an instance of the CPlot class.

Description

Plot 3D data from a file or initialize a CPlot variable. The data file should be formatted with each data point
on a separate line. 3D data is specified by three values per data point. For a 3D grid or surface data, each
row is separated in the data file by a blank line. For example, a 3 x 3 grid would be represented as follows:
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x1
x1
x1

x2
x2
x2

x3
x3
x3

yl
y2
y3

yl
y2
y3

yl
y2
y3

zl
z2
z3

74
z5
z6

z7
z8
79

plotxyzf

This function can only be used to plot Cartesian grid data. The title, xlabel, ylabel, and zlabel for the plot
can also optionally be specified. A pointer to a plot structure can also be passed to this function. If a non-
NULL pointer is passed, it will be be initialized with the function parameters. The plot can then be displayed

using the CPlot::plotting member function. If a previously initialized CPlot variable is passed, it will be

re-initialized with the function parameters. If no pointer or a NULL pointer is passed, an internal CPlot
variable will be used and the plot will be displayed without calling the CPlot::plotting() member function.
Two empty lines in the data file will cause a break in the plot. Multiple curves or surfaces can be plotted in

this manner however, the plot style will be the same for all curves or surfaces.

The following code segment

class CPlot plot;

plotxyzf ("datafile",

is equivalent to

class CPlot plot;

plot
plot
plot

plot.
plot.
plot.

.dimension (3);
.dataFile ("datafile");
.title ("title");

label (PLOT_AXIS X,

Example

/* File:
#include
#include
#include

int main ()

string_t title="Sine and Cosine vs Degrees",
xlabel="Degrees",

(
label (PLOT_AXIS.Y,
label (

PLOT_AXIS_Z,

plotxyzf.ch */
<chplot.h>
<stdio.h>
<math.h>

"title",

"xlabel");
"ylabel");
"zlabel");

"xlabel",

238
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ylabel="Amplitude (Inches)",
zlabel="Amplitude (Inches)";
string_t file;
file = tmpnam(file); //temporary file
int i;
FILE =xout;

out=fopen (file,"w"); // write data to file
for(i=0;i<=359;i++) fprintf (out,"%i %$f %$f\n",i,sin(i+«M_PI/180),cos (i*M_PI/180));
fclose (out);

plotxyzf (file,title, xlabel,ylabel, zlabel); // call plotting function:

remove (file) ;

Output
Sine and Cosine vs Degrees
N
\\
1 \ e
Amplitude (Inches) //
0 7
See Also

CPlot, CPlot::dataFile(), fplotxy(), fplotxyz(), plotxy(), plotxyz(), plotxyz().
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Obobob0O0OchshellhDO ChOOOOODOOOOOOOOODODODODOODOOChOOOOO
gboooboboobooobooonbod

gd

g oo

chinfo() chooooooooooooboboo

iskey() gbooooboobooboobboobooo
isstudent() chOODOODO StudentEdition 000000000000
isvar() boobooobooboobbooo

sizeofelement() goooobooboobbooo

gd
chshellh OO OODOOOOODOODOODOOO

0o go

CH_NOTVAR ogbOoOobboOoOobO0oboOoobOoOobooobooboon
CH_SYSTEMCONST gbobobobobobobobobobob
CH_SYSTEMVAR gobooobooooboobooobobooon
CH_SYSTEMFUN gobooboooobooboooboobooon
CH_EXTERNVAR gobogboobbooobooobood

ggd

OO0 chinfotDO0DOO0OOOOOOOOOOOO
Struct chinfo_t {

string_t edition; /] ’Professional” or ”Student”
string_t releasedate; /1 ’October 1 1999~

string_t version,; /171.0”

unsigned int vermajor; /11

unsigned int verminor; /10

unsigned int vermicro; /10

unsigned int verbuild, /10
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gooooo
OO0OD chinfort 0D OO0 ChOODODOOOOOODOODOOO
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chinfo

oo
#include <chshell.h>
int chinfo(chinfo_t *info);

ao
chooooooooboboboboo

gog
gboooobooboobbobboobbOoobo-10bOo0oobn

googn
infoinfol 000000000 0DO00O0OO0OODOOOOODOODOOODOODOOODODLOOODOO

gobooboobbooobooboobooobooboobboobooobog

oo
gobogboobooogoboobobooobooooooooooboobobobooboboo
gboooooooooooooooogoobooboooo choogooooooooooogoo

0

#include<chshell.h>

int main() |
chinfo_t info;

printf ("info.verbuild = %d\n", info.verbuild);
printf

if (chinfo (&info)==-1)
printf ("Error: chinfo() error\n");
printf ("info.edition = %s\n", info.edition);
printf ("info.releasedate = %$s\n", info.releasedate);
printf ("info.version = %s\n", info.version);
printf ("info.vermajor = %d\n", info.vermajor);
printf ("info.verminor = %d\n", info.verminor);
printf ("info.vermicro = %d\n", info.vermicro);
(
(

"Ch %s Edition v%d.%d.%d.%d %s released by %s\n", info.edition,
info.vermajor, info.verminor, info.vermicro, info.verbuild,
info.version, info.releasedate);

oo

info.edition = Professional
info.releasedate = March 1, 2007
info.version

info.vermajor = 5
info.verminor = 5
info.vermicro = 0

info.verbuild = 13151
Ch Professional Edition v5.5.0.13151 released by March 1, 2007
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oooo
isstudent().
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iskey

iskey

00d
#include <chshell.h>
int iskey(string_t name);

ao
gboobooboobooboobboobogo

gog

gbooboboobobboboobooi1oboboobobooboobo0oboobo 20000

gooooooooooooo3gbgboboboobonoon

Oo0oono
name OO OO0O0O

RN
gooooboobodname0DO0000O000OO0O0OOO0ODODOOODOO

0

/* access element of a string =/
#include <stdio.h>

#include <string.h>

#include <chshell.h>

int g;
int main() |
int 1i;
printf ("iskey (\"sin\") = %d\n", iskey("sin"));
printf ("iskey (\"int\") = %d\n", iskey("int"));
printf ("iskey (\"=\") = %d\n", iskey("="));
printf ("iskey (\"unknown\") = %d\n", iskey ("unknown"));
printf ("isstudent () = %d\n", isstudent());
printf ("isvar (\"i\") == CH_NOTVAR = %d\n", isvar("i") == CH_NOTVAR);
printf ("isvar (\"NaN\") == CH_SYSTEMCONST = %d\n", isvar ("NaN") == CH_SYSTEMCONST) ;
printf ("isvar (\"_path\") == CH_SYSTEMVAR = %d\n", isvar ("_path") == CH_SYSTEMVAR) ;
printf ("isvar (\"g\") == CH_EXTERNVAR = %d\n", isvar("g") == CH_EXTERNVAR);
printf ("isvar (\"isvar\") == CH_EXTERNFUN = %d\n", isvar ("isvar") == CH_EXTERNFUN) ;
printf ("isvar (\"unknown\") = %d\n", isvar ("unknown"));
}
ag
iskey("sin") =1
iskey ("int") = 2
iskey ("=") = 3
iskey ("unknown") = 0
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isstudent () = 0

isvar ("i") == CH_NOTVAR = 1

isvar ("NaN") == CH_SYSTEMCONST = 1
isvar ("_path") == CH_SYSTEMVAR = 1
isvar ("g") == CH_EXTERNVAR = 1
isvar ("isvar") == CH_EXTERNFUN = 1
isvar ("unknown") = 0

oooao

isenv(), isnum(), isstudent(), isvar().

245



30:00000 — <chshell.h>

isstudent

isstudent

oo
#include <chshell.h>
int isstudent(void);

g

chOODOOO StudentEdition I 0D OO0 OO0 OOOOOODO

gog

O00000ChODOOOO Student EditionO0 OO O OO 10 0O Professional Editton 0 OO0 OO0 00O

gooog

go

U00000000 ChOOO0OD StwdentEdition0 0000000000000

O
iskey) OO OO

oooag
isenv(), isnum(), iskey(), isvar().
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isvar

isvar

oo
#include <chshell.h>
int isvar(string_t name);

g
gboogoboboobooboonon

gog
gboooobooboobi10booobogo
CHNOTVAR 000000 OOOO
CHSYSTEMCONST 00O O0O000O0O00C0000O0
CHSYSTEMVAR 000000000 00O0DOO
CHSYSTEMFUN 0000000000 OO0O0OO
CH_EXTERNVAR OO0 0O0O0OO0OO0OOO

ooo0oo
name JOOOO0O

ao

gbooopoboobddnameD 0D O00D0OO0O0OOODODOOO

O
iskey) OO Qoo

oood
isenv(), iskey(), isnum(), isstudent().
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sizeofelement

00
#include <chshell.h>
int sizeofelement(int etype);

g
gboogoboboobooboonon

gog
googoobooboobboobuooboobbooo

Parameters
eype DO0O00ODO0ODOOODODOOODOO

0o
gbboooboobbooboobboobobot enyped0boonobooooboooooon
elementtype) U 00D O O0O0OOOOOODOO

0

/+ sizeofelement () returns the size of the data type of the
its argument. If it is an array, the data type of the array element
is used */

#include <stdio.h>

void funcl (double al[&]) {
int size;

size =sizeofelement (elementtype(a));
printf ("sizeofelement (a) = %d\n", size);

}

void func2 (array double &a) {
int size;

size =sizeofelement (elementtype(a));
printf ("sizeofelement (a) = %d\n", size);
}
int main () {
int
double a
funcl (bl
funcl (b
func? (a
func?2 (b
(a
(b

41, bl([3];

1
1141, b2[3];

func?2

2
)i
2);
)i
)i
)i
)i

1[3
[3
’
7
’
’
’
’

1
1
2
func?2 (b2

g
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sizeofelement
sizeofelement
sizeofelement
sizeofelement
sizeofelement
sizeofelement

QO 00 i 00 W

(
(
(
(
(
(

a
a
a
a
a
a

)
)
)
)
)
)

oooo
elementtype().
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O0OO0O0O complexhOOOOOO ISOCOOODODOOOOODOOOODOOOOOODOOOOOO
U0000o0bO00oooobooboOonod 100 double complex U 00O OO OO double complex O O
OO0 double0 00000000 OO0ODODODOOOOOOODOODOODODO fOODOIODODOOO
O00D00O00D0O fleoatDO longdouble 00000000000 DOOOODOOOODOOODOO
ooopDoo

g
Uoobob complexhOOOOOOODOODOODODODODODO

0o 00
cabs() 0000000000o00og

cacos() 000000000000000000
cacosh() 000000000000D0000000
carg() 0000000000000

casin() 0000000000000O0oaoag
casinh() 000000000000000000
catan() 00000000000000000000
catanh() 000000000000000000000
ccos() 000000000000000

ccosh() 000000000000000000
cexp() 000000000000000

cimag() 00D00000O0o0o0ooo

clog() 0000000000000

conj() 00000000000

cpow() 20000000000000000000
creal() 0000000000000

csin() 0000000000o00o0n

csinh() 0000000000000000a0
ctan() 00000000000000000
ctanh() 00000000000000000000
iscnan() 0000000000000000000000
ooo
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0000000 complexhODOOOOO0O00O0O0O00O00O00O0O0

o0oad a0
I OO0 I0 complex(0.0,1.0) 00000000
ooad

gboooboboobooobboobuooboobooboanoo

CO choono

OOconjd ChOOOOODOOO
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cabs

cabs

Synopsis

#include <complex.h>

double cabs(double complex z);

float cabsf(float complex z);

long double cabsl(long double complex z);

Purpose

Calculates an absolute value of a complex number.

Return Value

The cabs functions return the complex absoulte value.

Parameters

z Complex argument.

Description

The cabs functions compute the complex absolute value (also called norm, modulus or magnitude) of z.

It is recommended that the polymorphic generic function abs(), instead of the cabs() function, be used to

compute the complex absolute value of z.

Example

#include <complex.h>
#include <stdio.h>

int main () {

double complex z = complex(l, 2);
printf ("cabs(z) = %$f\n", cabs(z));
}
Output
cabs(z) = 2.236068
See Also
abs().
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cacos

Synopsis

#include <complex.h>

double complex cacos(double complex z);

float complex cacosf(float complex z);

long double complex cacosl(long double complex z);

Purpose
Calculates an arc cosine of a complex number.

Return Value
The cacos functions return the complex arc cosine value, in the range of a strip mathematically unbound
along the imaginary axis, and in the interval [0, 7] along the real axis.

Parameters

z Complex argument.

Description
The cacos functions compute the complex arc cosine of z, with branch cuts outside the interval [-1, 1] along
the real axis.

It is recommended that the polymorphic generic function acos() instead of the cacos() function, be used to
compute the complex arc cosine of z.

Example

#include <complex.h>
#include <stdio.h>

int main () |

double complex z = complex(l, 2);
printf ("cacos(z) = %$f\n", cacos(z));
}
Output
cacos (z) = complex(1.143718,-1.528571)
See Also

cos(), ccos(), cacosh(), ccosh().
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cacosh

Synopsis

#include <complex.h>

double complex cacosh(double complex z);

float complex cacoshf(float complex z);

long double complex cacoshl(long double complex z);

Purpose
Calculates an arc hyperbolic cosine of a complex number.

Return Value
The cacosh functions return the complex arc hyperbolic cosine value, in the range of a half-strip of non-
negative values along the real axis, and in the interval [-i, i7] along the imaginary axis.

Parameters

z Complex argument.

Description
The cacosh functions compute the complex arc cosine of z, with branch a cut at values less than 1 along the
real axis.

It is recommended that the polymorphic generic function acosh(), instead of the cacosh() function, be used
to compute the complex arc hyperbolic cosine of z.

Example

#include <complex.h>
#include <stdio.h>

int main () |

double complex z = complex(l, 2);
printf ("cacosh(z) = $f\n", cacosh(z));
}
Output
cacosh(z) = complex(1.528571,1.143718)
See Also

cos(), cacos(), ccos(), ccosh().
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carg

Synopsis

#include <complex.h>

double carg(double complex z);

float cargf(float complex z);

long double cargl(long double complex z);

Purpose
Calculates an argument of a complex number.

Return Value
The carg functions return the value of the argument in the range [-7, 7].

Parameters

z Complex argument.

Description
The carg functions compute the argument (also called phase angle) of z, with a branch cut along the negative
real axis.

It is recommended that the polymorphic generic function arg(), instead of the carg() function, be used to
compute the argumentof a complex number z.

Example

#include <complex.h>
#include <stdio.h>

int main () |

int i=7;
double f = 30;
double d = -10;
complex z = complex (3, 4);
printf ("carg(%d) = %f radian \n", i, carg(i));
printf ("carg(%f) = %f radian \n", f, carg(f));
printf ("carg(%1f) = %f radian \n", d, carg(d));
printf ("carg(%f) = %f radian \n", z, carg(z));
}
Output
carg(7) = 0.000000 radian
carg (30.000000) = 0.000000 radian
carg (-10.000000) = 3.141593 radian
carg (complex (3.000000,4.000000)) = 0.927295 radian
See Also
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casin

Synopsis

#include <complex.h>

double complex casin(double complex z);

float complex casinf(float complex z);

long double complex casinl(long double complex z);

Purpose
Calculates an arc sine of a complex number.

Return Value
The casin functions return the complex arc sine value, in the range of a strip mathematically unbounded
along the imaginary axis, and in the interal [-7/2, /2] along the real axis.

Parameters

z Complex argument.

Description
The casin functions compute the complex arc sine of z, with branch cuts outside the interval [-1, 1] along
the real axis.

It is recommended that the polymorphic generic function asin(), instead of the casin() function, be used to
compute the complex arc sine of z.

Example

#include <complex.h>
#include <stdio.h>

int main () |

double complex z = complex(l, 2);
printf ("casin(z) = %$f\n", casin(z));
}
Output
casin(z) = complex(0.427079,1.528571)
See Also

sin(), csin(), casinh(), csinh().
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casinh

casinh

Synopsis

#include <complex.h>

double complex casinh(double complex z);
float complex casinhf(float complex z);

long double complex casinhl(long double complex z);

Purpose

Calculates an arc hyperbolic sine of a complex number.

Return Value

The casinh functions return the complex arc hyperbolic sine value, in the range of a strip mathematically

unbounded along the real axis, and in the interval [-in/2, im/2] along the imaginary axis.

Parameters

z Complex argument.

Description

The casinh functions compute the complex arc hyperbolic sine of z, with branch cuts outside the interval

[—1, 4] along the imaginary axis.

It is recommended that the polymorphic generic function asinh(), instead of the casinh() function, be used

to compute the complex arc hyperbolic sine of z.

Example

#include <complex.h>
#include <stdio.h>

int main () |

double complex z = complex(l, 2);
printf ("casinh(z) = $f\n", casinh(z));
}
Output
casinh(z) = complex(1.469352,1.063440)
See Also

sin(), casin(), csin(), csinh().
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catan

Synopsis

#include <complex.h>

double complex catan(double complex z);

float complex catanf(float complex z);

long double complex catanl(long double complex z);

Purpose
Calculates an arc tangent of a complex number.

Return Value
The catan functions return the complex are tangent value, in the range of a strip mathematically unbounded
along the imaginary axis, and in the interval [-7/2, 7/2].

Parameters

z Complex argument.

Description
The catan functions compute the complex arc tangent of z, with branch cuts outside the interval [-i, i] along
the imaginary axis.

It is recommended that the polymorphic generic atan() function, instead of the catan() function, be used to
compute the complex arc tangent of z.

Example

#include <complex.h>
#include <stdio.h>

int main () |

double complex z = complex(l, 2);
printf ("catan(z) = %$f\n", catan(z));
}
Output
catan(z) = complex(1.338973,0.402359)
See Also

tan(), ctan(), catanh(), ctanh().
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catanh

Synopsis

#include <complex.h>

double complex catanh(double complex z);

float complex catanhf(float complex z);

long double complex catanhl(long double complex z);

Purpose
Calculates an arc hyperbolic tangent of a complex number.

Return Value
The catanh functions reutrn the complex arc hyperbolic tangent value, in the range of a strip mathematically
unbounded along the real axis, and in the interval [-in/2, im/2] along the imaginary axis.

Parameters

z Complex argument.

Description
The catanh functions compute the complex arc hyperbolic tangent of z, with branch cuts outside the interval
[-1, 1] along the real axis.

It is recommended that the polymorphic generic atanh() function, instead of the catanh() functions, be used
to compute the complex arc hyperbolic tangent of z.

Example

#include <complex.h>
#include <stdio.h>

int main () |

double complex z = complex(l, 2);
printf ("catanh(z) = $f\n", catanh(z));
}
Output
catanh(z) = complex(0.173287,1.178097)
See Also

tan(), catan(), ctan(), ctanh().
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CCoS

CCOS

Synopsis

#include <complex.h>

double complex ccos(double complex z);

float complex ccosf(float complex z);

long double complex ccosl(long double complex z);

Purpose
Calculates a cosine of a complex number.

Return Value
The ccos functions return the complex cosine.

Parameters

z Complex argument.

Description
The cacos functions compute the complex cosine of z.

Example

#include <complex.h>
#include <stdio.h>

int main () {

double complex z = complex(l, 2);
printf ("ccos(z) = %$f\n", ccos(z));
}
Output
ccos (z) = complex(2.032723,-3.051898)
See Also

cos(), cacos(), cacosh(), ccosh().
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ccosh

ccosh

Synopsis

#include <complex.h>

double complex ccosh(double complex z);

float complex ccoshf(float complex z);

long double complex ccoshl(long double complex z);

Purpose
Calculates a hyperbolic cosine of a complex number.

Return Value
The ccosh functions return the complex hyperbolic cosine.

Parameters
z Complex argument.

Description
The cacosh functions compute the complex hyperbolic cosine of z.

It is recommended that the polymorphic generic function cosh(), instead of the ccosh() function, be used

to compute the complex hyperbolic cosine of z.

Example

#include <complex.h>
#include <stdio.h>

int main () {

double complex z = complex(l, 2);
printf ("ccosh(z) = %$f\n", ccosh(z));
}
Output
ccosh(z) = complex(-0.642148,1.068607)
See Also

cos(), cacos(), ccos(), cacosh().
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cexp

cexp

Synopsis

#include <complex.h>

double complex cexp(double complex z);

float complex cexpf(float complex z);

long double complex cexpl(long double complex z);

Purpose
Calculates a base-e exponential of a complex number.

Return Value
The cexp functions return the complex base-e exponential value.

Parameters
z Complex argument.

Description
The cexp functions compute the complex base-e exponential of z.

It is recommended that the polymorphic generic function exp(), instead of the cexp() function, be used to

compute the base-e exponential of complex number z.

Example

#include <complex.h>
#include <stdio.h>

int main () {

double complex z = complex(l, 2);
printf ("cexp(z) = %$f\n", cexp(z));
}
Output
cexp(z) = complex(-1.131204,2.471727)
See Also
exp().

262



400000 — <complex.h>

cimag

cimag

Synopsis

#include <complex.h>

double complex cimag(double complex z);

float complex cimagf(float complex z);

long double complex cimagl(long double complex z);

Purpose
Get the imaginary part of a complex number.

Return Value
The cimag functions return the imaginary part value (as a real).

Parameters
z Complex argument.

Description
The cimag functions compute the imaginary part of z.

It is recommended that the polymorphic generic function imag(), instead of the cimag() function, be used

to obtain the imaginary part of a complex number z.

Example

#include <complex.h>
#include <stdio.h>

int main () {

double complex z = complex(l, 2);
printf ("cimag(z) = %$f\n", cimag(z));
}
Output
cimag(z) = 2.000000
See Also
imag().
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clog

Synopsis

#include <complex.h>

double complex clog(double complex z);

float complex clogf(float complex z);

long double complex clogl(long double complex z);

Purpose
Calculates a natural base-e logarithm of a complex number.

Return Value
The clog functions return the complex natural base-e logarithm value, in the range of a strip mathematically
unbounded along the real axis, and in the interal [-i7, i7] along the imaginary axis.

Parameters

z Complex argument.

Description
The clog functions compute the complex natural base-e logarithm of z, with a branch cut along the negative
real axis.

It is recommended that the polymorphic generic log() functions, instead of the clog() functions, be used
to compute the natural base-e logarithm of the complex number z.

Example

#include <complex.h>
#include <stdio.h>

int main () |

double complex z = complex(l, 2);
printf("clog(z) = $f\n", clog(z));
}
Output
clog(z) = complex (0.628609,1.107149)
See Also
log().
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conj

Synopsis

#include <complex.h>

double complex conj(double complex z);

float complex conjf(float complex z);

long double complex conjl(long double complex z);

Purpose
Calculates the conjugate of a complex number.

Return Value
The conj functions return the complex conjugate value.

Parameters

z Complex argument.

Description

The conj functions compute the complex conjugate of z, by reversing the sign of its imaginary part.

Example

#include <complex.h>
#include <stdio.h>

int main () {

double complex z = complex(l, 2);
printf ("conj(z) = %$f\n", conj(z));
}
Output
conj(z) = complex(1.000000,-2.000000)
See Also
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cpow

Synopsis

#include <complex.h>

double complex cpow(double complex z, double complex y);

float complex cpowf(float complex z, float complex y);

long double complex cpowl(long double complex z,long double complex y);

Purpose
Calculates the power function of a complex number.

Return Value
The cpow functions return the complex power function value.

Parameters

z Complex argument.
y Complex argument.

Description
The cpow functions compute the complex power function ¥, with a branch cut for the first parameter along
the negative real axis.

It is recommended that the polymorphic generic function pow(), instead of the cpow() function, be used
to compute the power function of a complex number z.

Example

#include <complex.h>
#include <stdio.h>

int main () {

double complex z = complex(l, 2);
double complex y = complex (3, 4);
printf ("cpow(z,y) = %f\n", cpow(z,y));
}
Output
cpow (z,y) = complex(0.129010,0.033924)
See Also
pow().
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creal

Synopsis

#include <complex.h>

double creal(double complex z);

float crealf(float complex z);

long double creall(long double complex z);

Purpose
Get the real part of a complex number.

Return Value
The creal functions return the real part value.

Parameters
z Complex argument.

Description
The creal functions compute the real part of z.

It is recommended that the polymorphic generic function real(), instead of the creal() function, be used

to compute the real part of a complex number z.

Example

#include <complex.h>
#include <stdio.h>

int main () {

double complex z = complex(l, 2);
printf ("conj(z) = %$f\n", conj(z));
}
Output
conj(z) = complex(1.000000,-2.000000)
See Also
real().
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csin

Synopsis

#include <complex.h>

double complex csin(double complex z);

float complex csinf(float complex z);

long double complex csinl(long double complex z);

Purpose
Calculates a sine of a complex number.

Return Value
The csin functions return the complex sine.

Parameters

z Complex argument.

Description
The csin functions compute the complex sine of z.

It is recommended that the polymorphic generic sin() functions, instead of the csin() functions, be used
to compute the complex sine of z.

Example

#include <complex.h>
#include <stdio.h>

int main () {

double complex z = complex(l, 2);
printf ("csin(z) = %$f\n", csin(z));
}
Output
csin(z) = complex(3.165779,1.959601)
See Also

sin(), casin(), casinh(), csinh().
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csinh

Synopsis

#include <complex.h>

double complex csinh(double complex z);

float complex csinhf(float complex z);

long double complex csinhl(long double complex z);

Purpose
Calculates a hyperbolic sine of a complex number.

Return Value
The csinh functions return the complex hyperbolic sine.

Parameters

z Complex argument.

Description
The csinh functions compute the complex hyperbolic sine of z.

It is recommended that the polymorphic generic sinh() functions, instead of the csinh() functions, be used
to compute the complex hyperbolic sine of z.

Example

#include <complex.h>
#include <stdio.h>

int main () {

double complex z = complex(l, 2);
printf ("csinh(z) = %$f\n", csinh(z));
}
Output
csinh(z) = complex(-0.489056,1.403119)
See Also

sin(), casin(), csin(), casinh().
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csqrt

Synopsis

#include <complex.h>

double complex csqrt(double complex z);

float complex csqrtf(float complex z);

long double complex csqrtf(long double complex z);

Purpose
Calculates a square root of a complex number.

Return Value
The csqrt functions return the complex square root value, in the range of the right half plane (including the
imaginary axis).

Parameters

z Complex argument.

Description
The csqrt functions compute the complex complex square root of z, with a branch cut clong the negative
real axis.

It is recommended that the polymorphic generic sqrt() functions, instead of the esqrt() function, be used
to compute the complex square root of z.

Example

#include <complex.h>
#include <stdio.h>

int main () |

double complex z = complex(l, 2);
printf ("csqrt(z) = $f\n", csqrt(z));
}
Output
csqgrt (z) = complex (1.272020,0.786151)
See Also
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ctan

Synopsis

#include <complex.h>

double complex ctan(double complex z);

float complex ctanf(float complex z);

long double complex ctanl(long double complex z);

Purpose
Calculates a tangent of a complex number.

Return Value
The ctan functions return the complex tangent.

Parameters

z Complex argument.

Description
The ctan functions compute the complex tangent of z.

It is recommended that the polymorphic generic tan() functions, instead of the ctan() functions, be used
to compute the complex tangent of z.

Example

#include <complex.h>
#include <stdio.h>

int main () {

double complex z = complex(l, 2);
printf ("ctan(z) = %$f\n", ctan(z));
}
Output
ctan(z) = complex(0.033813,1.014794)
See Also

tan(), catan(), catanh(), ctanh().
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ctanh

Synopsis

#include <complex.h>

double complex ctanh(double complex z);

float complex ctanhf(float complex z);

long double complex ctanhl(long double complex z);

Purpose
Calculates a hyperbolic tangent of a complex number.

Return Value
The ctanh functions return the complex hyperbolic tangent.

Parameters

z Complex argument.

Description
The ctanh functions compute the complex hyperbolic tangent of z.

It is recommended that the polymorphic generic tanh() functions, instead of the ctanh() functions, be
used to compute the complex hyperbolic tangent of z.

Example

#include <complex.h>
#include <stdio.h>

int main () {

double complex z = complex(l, 2);
printf ("ctanh(z) = %$f\n", ctanh(z));
}
Output
ctanh (z) = complex(1.166736,-0.243458)
See Also

tan(), catan(), ctan(), catanh().
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iscnan

Synopsis
#include <complex.h>
int iscnan(complex z);

Purpose
Tests whether the complex number is a complex Not-a-Number, ComplexNaN.

Return Value
The iscnan function returns 1 value when z is a complex Not-a-Number.

Parameters

z complex number.

Description
The iscnan function tests whether the complex number is a complex Not-a-Number.

Example

#include <complex.h>
#include <stdio.h>

int main () {
double complex zl = complex(l, 2);
double complex z2 = ComplexNaN;

complex z3 = complex(1l,2);
complex z4 = ComplexNaNj;
printf ("iscnan(z1l) = %d\n", iscnan(zl));
printf ("iscnan (z2) = %d\n", iscnan(z2));
printf ("iscnan(z3) = %d\n", iscnan(z3));
printf ("iscnan(z4) = %d\n", iscnan(z4));
printf ("iscnan (ComplexNaN) = %d\n", iscnan (ComplexNaN)) ;
printf ("iscnan (ComplexInf) = %d\n", iscnan (ComplexInf));
}
Output
iscnan(zl) = 0
iscnan(z2) =1
iscnan(z3) = 0
iscnan(z4) = 1
iscnan (ComplexNaN) = 1
(

Il
o

iscnan (ComplexInf)

See Also
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U000 ecetypehOODODODODODODODOOOOOOOOOOODOO0ODOODOODODODOOOOOODOO
UO0int000000000000D00O0 unsignedcharacter D0 0000000000 0O0OOO
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gboooboobobbobobooboobuoobuoooboobudbtweebgboobgon
O0falseD 000000 0OOOOO

goboooobooobbboooobooboobboobooo“«ecrboobooboobbOoDboo
gboboboobooobobboboobboobooboooboboobooboboobobooan
goobogobobooboobooboi1oboobooboobooboobobobooboobon
gbboobboobuodoboobboobuoobbooboda

g

oo oo

isalnum() ubooboobooboboobbooboobbooboobbooo
isalpha() gboboooooooooooooooooooogo
isentrl() ubobooboboobuooboobboobodao

isdigit() oo oobobobobobooboboooboo

isgraph() gboooooboooooobooooooooon

islower() ubbogobooboobboobuoobbooboobooo
isprint() gbooooboobooboobboobooo

ispunct() oboooooooooooooooooobooobgog

isspace() ubobooboboobuooboobboobodao

isupper() gobogobooboobboobuoobboobooobooon
isxdigit() b0 lledboboboboboobooboooon

tolower() gboobooboobooboobbooboooon

toupper() gboogoobooboobboobooboon

god

gbooooooooooooooooooooooooon
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isalnum

isalnum

Ood
#include <ctype.h>
int isalnum(int c¢);

g

obooooooooooooooooooooooooooooon

god
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googn
cuogoboooooan

oo

isalnum 0 00 0O isalpha 0 0 0 isdigit 0 tue 00000000000 O0OO0O

t

/* a sample program testing isalnum() =/
#include <ctype.h>

#include <stdio.h>

int main() {
char c="A’";
printf ("isalnum(’ %c’)
if (isalnum(c) > 0)
printf ("’ %c’ is an alphanumeric character.\n",c);
else
printf ("’ %c’
c='4";
printf ("isalnum(’ %c’)
if (isalnum(c) > 0)
printf ("’ %c’ is an alphanumeric character.\n",c);
else
printf ("’ %c’

returns %d\n", c,isalnum(c));

is not an alphanumeric character.\n",

returns %d\n", c, isalnum(c));

is not an alphanumeric character.\n",

}
ao

isalnum(’A’) returns 1
"A’ 1s an alphanumeric character.
isalnum(’4’) returns 1

"4’ is an alphanumeric character.

ooog
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isalpha

oo
#include <ctype.h>
int isalpha(int c);

oo
gboooooooooooooooooooobooogo

oon
isalpha0 00 0c000000O00O0O0O0ODOOOOOOODOODOO

googn
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isalpha 0 0 O Oisupper O O O islower 0 true 0000000 OO0 OO O isentrlD isdigit [ ispunct
O00O0Oidsspace 000000 wue 00000000000 OO0OD0OODOODOOOOODOODOODOO
O00000boobooobo“c’ubUdbUbUisalpha OO isupper U O O islower U true J 0 0O O O
trueJ OO0 QOO0

0

/* a sample program testing isalpha() =*/
#include <ctype.h>
#include <stdio.h>

int main() {
char c='A’";
printf ("isalpha (’%c’) returns %d\n", c, isalpha(c));
if (isalpha(c) > 0)
printf ("’ %c’ is an alphabetical character.\n", c);
else

printf ("’ %c’ is not an alphabetical character.\n",c);

c =’ I;
printf ("isalpha (’%c’) returns %d\n", c,isalphal(c));
if (isalpha(c) > 0)

printf ("’ %c’ is an alphabetical character.\n", c);
else

printf ("’ %c’ is not an alphabetical character.\n",c);

}
ao

isalpha(’A’) returns 1

"A’" is an alphabetical character.
isalpha(’ ’) returns 0

’ 7 is not an alphabetical character.
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iscntrl

Ood
#include <ctype.h>
int iscntrl(int ¢);

oo
obooooooooooooooooooooon

oon
isentrl0 000cO000000DOOOO0OOODOOOOOO

googn
cuogoboooooan

oo
isentrl0 00000000 OO00OOOOOOOO

0

/* a sample program testing iscntrl () =*/
#include <ctype.h>
#include <stdio.h>

int main() {
char ¢ = "A’";
printf ("iscntrl (’%c’) returns %d\n", c, iscntrl(c));
if (iscntrl(c) > 0)
printf ("’ %c’ is a control character.\n", c);
else

printf("’%c’ is not a control character.\n",c);

}
g

iscntrl (’A’) returns O
A’ 1s not a control character.

ooogd
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isdigit

isdigit

mEN
#include <ctype.h>
int isdigit(int ¢);

oo
oo loobobooobooooooooooon

god

isdigit 00 00OcO 1000000000DOO0OO0O0O0ODODO

oooon
cO0o0ooooooon

oo
isdigit 000000 oocooooooogoog

0

/* a sample program testing isdigit () =/
#include <ctype.h>
#include <stdio.h>

int main() |

char ¢ = "A’";
printf ("isdigit (' %c’) returns %d\n", c,
if (isdigit (c) > 0)

printf ("’ %c’ is a digit.\n", c);
else

printf ("’ %c’ is not a digit.\n",c);
c="'1";
printf ("isdigit (" %c’) returns %d\n", c,
if (isdigit (c) > 0)

printf ("’ %c’ is a digit.\n",c);
else

printf ("’ %c’ is not a digit.\n",c);

}
oo

isdigit ("A’) returns O
"A’ is not a digit.
isdigit (’1’) returns 1
71’ is a digit.

goog

isdigit(c));

isdigit (c));

279



5000000 — <ctype.h> isgraph

isgraph

00
#include <ctype.h>
int isgraph(int ¢);

oo
obooooooooooooooooooooon

oog

isgraph 00 00c0000000O0OOO0DOOODOOOOOO
Parameters

c 000000000

oo
isgraph 00000000 CHOOODODOoOooDOoOoOoooooooog

0

/* a sample program testing isgraph() =/
#include <ctype.h>
#include <stdio.h>

int main() |
char ¢ = "A’";
printf ("isgraph (’%c’) returns %d\n", c, isgraph(c));
if (isgraph(c) > 0)
printf ("’ %c’ is a printable character.\n", c);
else
printf ("’ %c’ is not a printable character or it is a space.\n", c);
c=""7;
printf ("isgraph(’%c’) returns %d\n", ¢, isgraph(c));
if (isgraph(c) > 0)
printf ("’ %c’ is a printable character.\n", c);
else
printf ("’ %c’ is not a printable character or it is a space.\n", c);

}
g

isgraph(’A’) returns 1
"A’" is a printable character.
isgraph(’ ’) returns 0

! 7 is not a printable character or it is a space.

ooog
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islower

Ood
#include <ctype.h>
int islower(int ¢);

oo
obooooooooooboobooboobooboboboboon

oon
islower U000 cO00000DOODOOO0ODOODOOOODOODOOO

googn
cuogoboooooan

00d
islower 1000 000000DOOO0OOO0OODOOQOO isentrl O isdigit O ispunct 0 0 O O isspace
D00000 wee00D00000OD0OO0O0ODOOODOOODOODOOODOODOOODOOOOODOODOO
O0O00“c’0Do0d00islewer 000 0000000000000 O00DOOOO0 rue00O0O
o0

0

/* a sample program testing islower () =/
#include <ctype.h>
#include <stdio.h>

int main() {

char ¢ = "A’";
printf ("islower (' %c’) returns %d\n", c,islower(c));
if (islower(c) > 0)

printf ("’ %c’ is a lower case character.\n", c);
else

printf ("’ %c’ is not a lower case character.\n", c);
c ="Ta’;
printf ("islower (' %c’) returns %d\n", c,islower(c));
if (islower(c) > 0)

printf ("’ %c’ is a lower case character.\n", c);
else

printf ("’ %c’ is not a lower case character.\n",c);

}

0o

islower ("A’) returns 0

A’ 1s not a lower case character.
islower (’a’) returns 1

"a’ i1s a lower case character.
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isprint

00
#include <ctype.h>
int isprint(int ¢);

oo
obooooooooooooooooooooon

oon
isprint 0000 c000000D000O0O0OO0ODOO0ODOOOO0

googn
cuogoboooooan

oo
isprint 00000000 ¢CHOOOOOOO0ODOOOOO0O0DOOO

0

/* a sample program testing isprint () =/
#include <ctype.h>
#include <stdio.h>

int main() {

char ¢ = "A’";
printf ("isprint (' %c’) returns %d\n", c,isprint(c));
if (isprint (c) > 0)

printf ("’ %c’ is a printable character.\n", c);
else

printf ("’ %c’ is not a printable character.\n", c);
c=""7;
printf ("isprint (' %c’) returns %d\n", c,isprint(c));
if (isprint (c) > 0)

printf ("’ %c’ is a printable character.\n", c);
else

printf ("’ %c’ is not a printable character.\n",c);

}

0

isprint ('A’) returns 1

"A’ 1s a printable character.

isprint (’ ’) returns 1
’ 7 is a printable character.

ooog
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ispunct

00
#include <ctype.h>
int ispunct(int ¢);

oo
oooooooooobooboooboobobobgo

oon
ispunct 0000 cO00000000O0DOOOOOOODOODOO
oooon
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0d

ispunct 00 00 isspace 100 isamum 000000 true0 0000000000 O0O0OOOOOO
00000000000 DOO0ODbOobOOoDOO0O0“crb0bgnogn ispunct O Oisspace 0 O 0O isalnum
000000 we000000D00O0O0D0OD0OD teed000O0O0O

0

/* a sample program testing ispunct () =*/
#include <ctype.h>
#include <stdio.h>

int main () {
char ¢ = "A’";
printf ("ispunct (' %c’) returns %d\n", c,ispunct(c));

if (ispunct (c) > 0)
printf ("’ %c’ is a punctuation mark.\n", c);

else

printf ("’ %c’ is not a punctuation mark.\n", c);
c o= "':7:

r o
printf ("ispunct (' %c’) returns %d\n", c,ispunct(c));

if (ispunct (c) > 0)

printf ("’ %c’ is a punctuation mark.\n", c);
else

printf ("’ %c’ is not a punctuation mark.\n",c);

}
oo

ispunct ("A’) returns 0
"A’ 1is not a punctuation mark.

ispunct (’;’) returns 1
;' is a punctuation mark.

goog

284



S50:.:00000 — <ctype.h> isspace

isspace

00
#include <ctype.h>
int isspace(int ¢);

oo
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oon
isspace 000 cO000D0O00OO0O0OODOOOOOODOD
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gboobboobuodoboobbwebdonogn

0

/* a sample program testing isspace () =*/
#include <ctype.h>
#include <stdio.h>

int main() {
char ¢ = "A’";
printf ("isspace (’%c’) returns %d\n", c,isspace(c));
if (isspace(c) > 0)
printf ("’ %c’ is a white space character.\n", c);
else

printf ("’ %c’ is not a white space character.\n", c);

ror

c = ’

printf ("isspace (’%c’) returns %d\n", c,isspace(c));
if (isspace(c) > 0)
printf ("’ %c’ is a white space character.\n", c);
else
printf ("’ %c’ is not a white space character.\n",c);
}
0o

isspace (’A’) returns 0
"A’" is not a white space character.

isspace(’ ') returns 1
’ 7 is a white space character.
ogogno
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isupper

oo
#include <ctype.h>
int isupper(int ¢);

oo
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OboOoo0O00Oiswpper OO O0O0O0O0O0ODOO0O0OOOOODOO0ODO0ODO0O0DO0O0 wrued 0O
ooo
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/* a sample program testing isupper () =*/
#include <ctype.h>
#include <stdio.h>

int main() {

char ¢ = "A’;
printf ("isupper (' %c’) returns %d\n", c,isupper(c));
if (isupper(c) > 0)

printf ("’ %c’ is a upper case character.\n", c);
else

printf ("’ %c’ is not a upper case character.\n", c);
c = "Ta’;
printf ("isupper (' %c’) returns %d\n", c,isupper(c));
if (isupper(c) > 0)

printf ("’ %c’ is a upper case character.\n", c);
else

printf ("’ %c’ is not a upper case character.\n",c);

}
uo

isupper ('A’) returns 1

"A’" 1is a upper case character.
isupper (’a’) returns 0

"a’ 1s not a upper case character.

goog
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isxdigit

oo
#include <ctype.h>
int isxdigit(int ¢);

oo
ooboleoboooboooooobooboooon

god

isxdigit OO DcO 1600000000000 0O00ODOOOO
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oo
isxdigit OO DOQOO0 16e0000O0O00O0OO0DOO

0

/* a sample program testing isxdigit () =/
#include <ctype.h>
#include <stdio.h>

int main() {
char ¢ = "T’;

printf ("isxdigit (' %c’) returns %d\n", c,isxdigit(c));

if (isxdigit (c) > 0)

printf ("’ %c’ is a hexadecimal-digit character.\n",

else

c)i

printf ("’ %c’ is not a hexadecimal-digit character.\n",

c = rar,.

printf ("isxdigit (' %c’) returns %d\n", c,isxdigit(c));

if (isxdigit(c) > 0)

printf ("’ %c’ is a hexadecimal-digit character.\n",

else

c)i

printf ("’ %c’ is not a hexadecimal-digit character.\n",c);

0
isxdigit (' T’) returns 0
"T’ is not a hexadecimal-digit character.

isxdigit ("a’) returns 1
"a’ is a hexadecimal-digit character.

ooog
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tolower

Ood
#include <ctype.h>
int tolower(int ¢);

oo
gbooooooooooooooooboogg
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g

tolower 00D OO0 DOO0ODOOOODOO0ODOOODODOODOODLO
g

/* a sample program that displays lower case of the letter. «/
#include <stdio.h>

#include <ctype.h>

int main() {

char ¢ = "Q’;
printf ("tolower ('%c’) = %c\n", c,tolower ('Q’));
}
0o
tolower ('Q") = g
oooao
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toupper

oo
#include <ctype.h>
int toupper(int ¢);

oo
gbooooooooooooooooboogg

god

OO0 idslower 0 rue 00 000000000000 O0D0O0O0O0D00OOO isupper D trued 0000
00100000000 tewpper U000 O0O0OO0O0OO0OO0OO0OO0OO@OOODOOOODOO
gboogoobooooHhoooobooboobbooboobboobaon

oooon
c0Ooo0ooOoODO

g

toupper L 000000000 DOOODOOODOOODODOODOODOO
g

/* a sample program that displays uppercase of the letter. »*/
#include <stdio.h>

#include <ctype.h>

int main() |

char ¢ = "a’;
printf ("toupper (' %c’) = %c\n", c, toupper(c));
}
0o
toupper('a’) = A
oooao
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OOd0errmoh 0000000000 OO0ODOOODOODOOOOOOOOOOODOOODOODLOOOO

0000000000000000000

EDOM

EILSEQ

ERANGE
O0000000mtO0000000000000000000000#00000000000
000000000000000000

errno

O0intO0000000 valeeOOOO0OO0O0OO0OWalue OO OODOOO0DOOO0ODOOODOOODOO
gbooabboobugoboabd
errno 0 0000000000000 0O00O00O0OO00O00O0O00O000O0O000O0O0O0O0O0O0O0O0O0
U000O0errno0000D00DO0ODOOOOOOODODODODOODODLOOOOODOODOODOODO
gboobobooboobboboouooboobobbobtdterrmo 000000 oonoOon
goooobooon

E0O00OO0O0OO0EDODOODOOODOOOObOOOO0Ob0eermo.n0000O0OOOOODOOODODOO

god
errnoh 0 0000000000000 0O0O00OO0O00O0ODOO0ODO

god go

EDOM gbooooboooooan
EILSEQ gooooboooog
ERANGE gboooobodabod
oon

gboobobooboobboobuoobbooboaoo
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OoO0b0 fleathOOODDOOOOOOOOOOODOOODOODOODOOOOOOODODOODLDOO
gboooooboooogan

gboooooooooooooooooooooo@oooo)yooooooooo

gdd
floathODOOOOOOODOOOOOOODOOODOOOODOOOO

oon oood oo

FLT _RADIX 2 oooooon

oond oood oo
FLT_MANT_DIG 24 FLT RADIXOOODOOO
DBL_MANT _DIG 53 oooboboooboo
LDBL_MANT_DIG

oon ooogd oo

FLT DIG 6 oooon

DBL_DIG 15

LDBL _DIG

oon oood oo
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FLT_MIN_EXP (-125) FLT RADIXOOODOODOODO
DBL_MIN_EXP (-1021) 10000000o0o0ooogog
LDBL_MIN_EXP gboobooooo

oond oood oo

FLT_MIN_10_EXP (-37) oobobobobobob
DBL_MIN_10_EXP (-307) ogooboboboboboob
LDBL_MIN_10_EXP gooo

oon ooogd oo

FLT_MAX_EXP 128 FLT RADIXOOOOODOODOODOD
DBL_MAX_EXP 1024 gboboboboboboboboboboob
LDBL_MAX_EXP oooon

oon oood oo

FLT MAX_10_EXP 38 oooobobobobob
DBL_MAX_10_EXP 308 oboobobobobobob
LDBL_MAX_10_EXP gbooboboobob

oon ooogd oo

FLT_MAX 3.40282347E+38F gbooboboobobooooboooo
DBL_MAX 1.797693134862315E+308

LDBL_MAX
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oon oood oo

FLT_EPSILON 1.19209290E-07F 1000000000 100000000
DBL_EPSILON 2.2204460492503131E-16 10000000 0DO0ODODO
LDBL_EPSILON

oon ooogd oo

FLT_MIN 1.17549435E-38F gboboboboooboooooo
DBL_MIN 2.2250738585072014E-308

LDBL_MIN

oon

gboooobooboobbooboobobooboobo
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O000lmitshOO00O0O0OO0O0OO0ODOO0OO0DOOOO0ODOOOO0OOOOODOOOODOOOODOOO

gboogooogo

gboooooooooooooooooooooo@oooo)yooooooooo

oog

gbogoobooboobboobuoobboobooobo

oo

limitsh O 00 0000000000000 0O00O0O0O0O0O0O0O

000 0o
oooo
CHAR BIT bitfiled0DO)ODODOODODODOODOOOOODOOO
8
SCHAR_MIN signedchar 000000000000
-128 // -27
SCHAR_MAX signedchar 0 00000000000
+127//27-1
UCHAR MAX unsignedchar D 00000000000
255 // 28-1
CHAR_MIN char 00000000 0DOO0O
-128 // -27
CHAR_MAX char 000000000 DOOO
+127//27-1
MB_LEN_MAX 000000000000000000000000000000000000
1(0000000000000000000)
SHRT_MIN shortint 000000000000
-32768 // -2%°
SHRT MAX shortint 000000000000
+32767 // 2°-1
USHRT_MAX unsigned shortint 0 0 00 00000000
65535 // 216-1
INT_MIN int000000000000
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INT_MAX

UINT_MAX

LONG_MIN

LONG_MAX

ULONG_MAX

LLONG_MIN

LLONG_-MAX

ULLONG_MAX

-2147483648 // -231

int0 00000000000
+2147483647 // 231-1
unsignedint 0 0 0000000000
4294967295 // 232-1

longint0 00000000000
-2147483648 // -231

longint0 00000000000
2147483647 // 231-1

unsigned longint 00000000000
4294967295 // 232-1
longlongint0 OO0 00000 OOO
-9223372036854775808 // -25°
longlongint0 0 OO0 00O0000O0OO
+9223372036854775807 // 2631

unsigned longlongint J 00O OO0 00OOOO
18446744073709551615 // 264-1
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U000 llecalehODO 200000 100000000000000000000000000O00OO
gboooooboobooooogo

struct Iconv
00d0o00oOO0o0bOOoobOOooOOo0bOOoobOOooOOooobOOooDoooOoobOooDoOoooooDOon
00ddoooooooooooooodoodooodoooooooochoooooooO
00000bOOoOobOooboooobooooon

char xdecimal_point; /e
char xthousands_sep; I/
char xgrouping; /oo

char sxmon_decimal point // ""
char +mon_thousands_sep; // ""

char xmon_grouping; /oo
char xpositive_sign; /o
char xnegative_sign; /A
char xcurrency_symbol; /A
char frac_digits; //  CHAR_MAX
char p_cs_precedes; //  CHAR_MAX
char n_cs_precedes; // CHAR_MAX
char p_sep_by_space; //  CHAR_MAX
char n_sep_by_space; //  CHAR_MAX
char p_sign_posn; // CHAR_MAX
char n_sign_posn; //  CHAR_MAX
char xint_curr_symbol; /N
char int_frac_digits; // CHAR_MAX
char int_p_cs_precedes; //  CHAR_MAX
char int_n_cs_precedes; // CHAR_MAX

char int_p_sep_by_space; // CHAR_MAX
char int_n_sep_by_ space; //  CHAR_MAX
char int_p_sign_posn; // CHAR_MAX
char int_n_sign _posn; //  CHAR_MAX

gboobboobooboobbood

LC_ALL
LC_COLLATE
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LC_CTYPE

LC_MONETARY

LC_NUMERIC

LC_TIME

U000b0ob0o0b0obO0ob0o0DoobOob0odbDdDsetlocalel 00D OO0O0OODODOOOODOO
gobooboobooo LcoboogoooboooobooooboobooobooboooDobboobo

oo

EEN

localeh DD ODOO0OO0OODOODOODOODOODOODOOOO

g oo

localeconv() gbboobouoobobooobooboon
uboooooboooboboobooon

setlocale() oboboooooooooooooooooboooooooooboooobogonoo
ubboobooboobboobuoobboobuoobboobaao

oo

locale h OO OOO0OOO0OOO0OOO0OOOOOOOOOO0OOO

o0od a0

LC_ALL 00000o0O00obOodooooooooaon

LC_COLLATE O00O0O0D0O000 streoll) d strxfrm() O O O O
o0ooooo

LC_CTYPE 000000000 00ooooooaon
oooooo

LC_MONETARY O00000oOoonoooooo

LC_NUMERIC 00000000o/o0poogoooooo
o0ooooo

LC_TIME streftime) D 00000000000

goooon

locale h DD OOO0OO0O0OO0OOOOOOOOOOOOOOO
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g RN
lconv struct -0 0000000000 0O0O0O00OO4
gog

gboooobooboobbooboobobooboobo
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localeconyv

00
#include <locale.h>>
structlconv *xlocaleconv(void);

oo
ooooooooooooogoon

oon

localeconv D 00000000000 DOO0DOOOOODO0ODOODOO0OOOODOODOOOLOOOOODO
U000bo0obo0ooboobobodOUlecaleconv D 00000000 0ODOOOOOOODOODOOO
O00000000000 LCALLO LC.MONETARYU U0 0O LC.NUMERIC [0 O O setlocale [
gooooooooobooooooooooooooon

googn
goboooboogod

0o

localeconv 0 O O Ostructlconv 0 0 00 0000000000000 0OO0O0OO0OO0OOO0O0ODOO
gooooo@ooo)yoooooooooog

O00O0char«0 00000000000 DOOO0OO0OOdecimal point0 000000000000
""O00gb0oob0ooboooooboooboobooboobooboobobooboooOooboOobooDbo
O00OOgrouping D mon grouping I D 000D UODOO0OODOO0ODOOOOODOOLOOOOOOO
OU0oD0odoooobbodb0bOchar 000 00O0DOOOOOOO CHARMAXODOOODOOOO
goboooooooooooooooooooooboobooooooooogo

char xdecimal_point
00000000 00oooooooooooooooooooo

char xthousands_sep
00000000000 0o0O0bOo0oO00boooDobOOoooDobOoooOobOOoooobOoooo
o000

char xgrouping
00000000 00oo0ooooooooooooooooooooooooooooo

char xmon_decimal_point
O00o0oo0oooooooooooooooon
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char xmon_thousands_sep
go0oO0o0obOoOoooOOooooooOOooboobooOOoooOoobOOobobOOoobDoOOobbDOooDoog

char xmon_grouping
000000000000 0o0oo00ooooooooooooDooooooooon

char xpositive_sign
000000000000 0ooooooooooooooonog

char xnegative_sign
00000000000 oooooooooooooog

char xcurrency_symbol
OO00O00000oDooooooooooon

char frac_digits
000000000 0Dooo0ooooDooooooDoooooooono

char p_cs_precedes
000000000 bOU000obO0ooobooboboOoOn curency_symbol OO OOOOO 1000
oooooboobooonoon

char n_cs_precedes
0000000000000 D00D0000000 currency_symbol 10000000 1000000
ooooooooogg

char p_sep_by_space
currency symboll O 0 0000000000000 0O0OODOODOODODODODOOOODODOODO
DOooooooog

char n_sep_by_space
currency symboll 0 00 00O 0O0O0OOOO0OODOOODO0OOOO0ODOOOODODOOOOOOO
oooooo

char p_sign_posn
O0000000000D0O0CD00O0000 positivesign0 000000000 O0OO0O

char n_sign_posn
OU00DO00b00O00DO0O0b00O00 negativesign 00000000 0OO0DOODO

char xint_curr_symbol
Oooooooboooooooboboooooos3boogIso4217:1995000o0noooooon

300



90000000 <locale.h> localeconv

goooooboboboo4000D0D0 mulO00O0000O0)DO0DOODOOOOOOOOODO
goooooooooood

char int_frac_digits
0000000000000 o0o00oDooooooooooooon

char int_p_cs_precedes
000000000000 00DO0O0DO0OD000D0O intcurrency symbol D OO 00000 100
ooooobo oo boobooooDboobooooDboooooo ™

char int_n_cs_precedes
0000000000000 00000000 intcurrency symbol D 0000000 1000003
odo0dodDOdDOOD@DOODOODOODOOOO0ObOOOoOoDOOoOooDOooO

char int_p_sep_by_space
int_currency symbol0 0 0 0000000000000 000D0O0ODOO0O0ODOOOOO0OOODOOO
00000000 mooooooooooooooooooooom

char int_n_sep_by_space
int_currency symboll O 0000000000 O0OOOOO0ODOOO0OOO0ODOOOOODOODOOO
00000MmoooooobooooooboooooooD O

char int_p_sign_posn
000000000000 Ooooooon pesitivesign0 00000000000 O0DMOOOOO0O
oo0o00ooooooooooodmm

char int_n_sign_posn
OU00DO0O0O00O00DO0O00OO negativesign 0O OO00OOOO0O0OOODOO

grouping J mon grouping 1 0 0 000000 D0O0OOODOOOOO

CHARMAX (0O0000OO0OOODOODODODODOD

0 gboogoobooboobbooboobobobbooo

other gboboooooooooooooooooooooo
uboooobooboobboobuoobboobooboooboobon
gooooboobood

p-sep_by_space[lnsep by space 10 OO DOOOOOOODOONO
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0 JObobDOobobOobobobobobobo

1 JooooooooooooboooooooooooboouooboooboooDoo
ubobooobooboobbobobuooboobbooob

2 JOooobobobOobobobuobobobUobobobobobboboo
gboooooooobooooooogooobooooooon

p-sign posn(nsign posn D 0000000000 0OO0OOOO

_ W N = o

uboobooobooobobooobooaod
gboogobooboobboobooobooon
gboboooobooooboobooooooooon
uboboobobooboobobobobooa
gbooobobooboobbobobood

U00ooboOobOooboobdU localeconvd DO O OOODODOOOODODOODOOODOODOOOOO

googd

gl1gbobo400000o0ooooooooooooooooooooooooonogo

000000 0ooo
O O O O O
000000 || 1.234,56 mk | -1.234,56 mk | FIM 1.234,56 | FIM -1.234,56
oooo L.1.234 -L.1.234 ITL 1.234 -ITL 1.234
oooo £1.234,56 £-1.234,56 | NLG 1.234,56 | NLG -1.234,56
ooo SFrs.1,234.56 | SFrs.1,234.56 | CHF 1,234.56 | CHF -1,234.56

DDDD4DDDDDlocaleconVDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

lint_p_cs_precedesO int_n_cs_precedesO int_p_sep_by_spacel] int_n_sep_by_space( int_p_sign_posn int_n_sign_posn 0 0 O O
O000oo0o0o0ooooooooooog
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HDDDDDD \DDDD \ 0000 \DDD

mon_decimal_point || »,’ ” »> »p
mon_thousands_sep || 7.’ »r »> »y
mon_grouping ”\3” ”\3” ”\3” ”\3”
positive_sign » » ” »
negative _sign »r» »» »» »C”
currency_symbol ”mk” L. ”\u0192” | ”SFrs.”
frac_digits 2 0 2 0
p_cs_precedes 0 1 1 1
n_cs_precedes 0 1 1 1
p_sep_by_space 1 0 1 0
n_sep_by_space 1 0 1 0
p_sign_posn 1 1 1 1
n_sign_posn 1 1 4 2
int_curr_symbol ”FIM” ”ITL” ”NLG” ”CHF”
int_facr_digits 2 0 2 2
int_p_cs_precedes 1 1 1 1
int_n_cs_precedes 1 1 1 1
int_p_sep_by_space | 0 0 0 0
int_n_sep_by_space | 0 0 0 0
int_p_sign_posn 1 1 1 1
int_n_sign_posn 4 1 4 2
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localeconv

0200000 pcs_precedesd p_sep_by_spaced 0 O 0 psignposn D00 000000000000

gbooooboobooabbooogan

p-_sep_by_space
p-cs_precedes | p_sign_posn 0 ‘ 1 ‘ 2
0 0| (1.25%) | (1.259%) | (1.259%)
1| +1.25% | +1.25% | +1.25%
2| 1.25%+ | 1.25%+ | 1.25% +
3| 1.25+% | 1.25+8% | 1.25+$
4 || 1.25%+ | 1.25%+ | 1.25% +
1 0| (1.25) | ($1.25 | ($1.25
1| +$1.25 | +$1.25 | +$1.25
2 || $1.25+ | $1.25+ | $1.25+
3 +$1.25 | +$1.25 | +$1.25
4 || $+1.25 | $+1.25 | $+1.25
O
/* a sample program that displays the decimal point
character used by the current locale. */
#include <stdio.h>
#include <locale.h>
int main() {
struct lconv xlc;
lc = localeconv();
printf ("Decimal symbol is: %s\n", lc->decimal_point);
printf ("Thousands separator is: %s\n", lc—->thousands_sep);
printf ("Currency symbol is: %s\n", lc->currency_symbol);

}
oo

Decimal symbol is:
Thousands separator is:
Currency symbol is:

ooogd
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setlocale

mEN
#include <locale.h>
char xsetlocale(int category, const charx locale);

oo
ooooooooogg

god

localeUDOO0O0OO0DO000O0ODO00O0OOD0OO0DODOODO0OO0OODO0O0OO setlocaleD 0000000
Uboboooboobbodib ctegoryLUDODOO0OOOOOOOOOOOODOOOOOOOOOOOO
OO00O0O0OOsetlocale U O nul OO0 OO0 0OO00O0O0ODO0ODO0ODO0ODO0ODODODODODO

locale D000 nullOO0000O0OOOsetlocale 000000000000 O00O0OONO category O
gboogobooboobboobuooboooobooobooboooobooboon

setlocale D J 00000000 DO0O0O0O0ODO0OOOODOOOOOODOOOOODOOOOODOODLOOO
gbooobobooboobobobbobooboobobboboobooboboobooobon
U00000oob0obo0obo0bobo0bobO0OO0setlocale 00000000 ODOO0OOO
gbooooboooon

oooono
category OO 0ODOOOOOO.

locale OO OOO0O

od

setlocale 1 O OO OO category OO locale O DO OODOOOOOODOODOOODOOODOOOO
OO000O0O0OOsetlocale D OO0 DOO00OO0O0OOD0ODODO0OOODOODOODODODODOOODODOODO
O0000O0OOOOcategory OO0 LCALLOOOOOOOOO0O0O0ODODDOODOODO OO category
oobobo0ooobo0obo0ooo00bo00bo00b0o0U0bDOOLC.COLLATE O Ostreoll
O00strxfrm U000 0000000O0O0LCCTYPEDO D ODODODODODOODDOUODODODO
0000000000000 000O00OLCMONETARY O0OlocaleconvOd OO0 OOO0OODOOOO
0000000000 0OLCNUMERICOOODODODOODOOO/DOODOOOODOODODO
oobododiloecaleconv D000 DO0O0ODOODUDOOODOOUODLDOUODOUODLDOUOLC.TIMED O
strftime D O 0000000000

locale 00 0007C’00 CH 00000000 000O0O0OOOIecale00000"" 000000
gooooooobobobobooobooboobobobobuobobooodosetlocaled O 2
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00000bO0o0oodooOooogo
o00ooonoooooa
setlocale(LC_ALL, ”C”);
0000o0bDooooooogo
0000000000000 O setlocale 000000000 O0OOOOOOOOOOOOOOO
oooog
O
o0

ooon
strcoll(), strftime(), strxfrm().
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U000 mathh OO O200000000000000000000DO00O00OO0O00ODOO0OOO
U000000b0010000 doubleD 0DODOO0O00OO0O0 100 doubled 0000000000
gooboooobobobOoboboboooo foDo oo obobUobUobobUubo
gbooooooooooooooofgboboooboobooboobDfleat 00000 OD0OOOODOO
@oooooboO)boooboooobol1bobd longdoubleD OO OODOOOOOODLOO (O
googoo)ooobgo

googon
HUGE_VAL
OO0OD0douwbleDOODOOODOOOOOOOD fleatO00DOODOOOODO
googn
INFINITY
goobooobooboooboboUt fleat 000 O0ODOOODOOOLOOODOODOODOODOOO
oooooooooobod fleat OO0 OooOoOoOoOoOO

oooon

NAN

OO0 fleat OO0 UODODOONaANOODDODODOODODOODODOOODODODOODODOODOO
NaNOOOOOO fleat DO OOODOOODOOOOO

ooooo

FP_ILOGBO0

FP_ILOGBNAN
OQilegh(x) D0 OD0OODOOO0OOO0OOOOODOODOOOOOOODOxOODOODOO FPILOGBO O
xUO NaNOOO FPILOGBNAN D OO OUOUOOFPILOGBO OO O INTMIN O OO INTMAX O
FPILOGBNAN O OO INTMAXOOO INTMINO OO
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g

mathh OO0 000000000000 0O0O0O0O0O0O0O0O0Od

oo oo

acos() gboooobogbobooboood

acosh() gbobooooooboooobooboon

asin() ugbobogoobooboobbodo

asinh() gboooobogbobooboood

atan() oboooooooooogn [-#2,72]0000000000
atan2() ubooooobooobooboo [~,7]0000000004d
atanh() goobooboobbooboobbooo

cbrtOo+0ono
ceil()
copysign()
cos()

cosh()
deg2rad()
erfOo*000
erfcOo+00O
exp()

exp2()
expml1()
fabs()

fdim()
floor()

fma()
fmax()
fmin()
fmod()
frexp()
hypot()
ilogh(u+0ooD
Idexp()
Igamma()o+000
log()
log10()
loglp()
log2()

logh()

Irint()
Iround()

0000000000000
00000000000000000000
2000000000000000
00000000000000
00000000000000000
00000000000000000000000
0oo0oo0ooooo
0000000000000
e000000000O0OD0OODOODO0O
20000000000000000000
ee000000000O0D0O0-10000000
0000000000000
20000000000000
00000000000000000000
(x+y)xz0OOOOOO
2000000000000000
2000000000000000
2000000000000000000
0000000000000000000
VZ2+2000000
0000000000000000000000
xx2¢? 0000000
000000000000000000
000000000000

000 1000000000000000
0D0+1000000000000000
000200000000000000
0000000000000000
00000000000000000000000
00000000000000000000000
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gboobgoobuoobbooobbooboog

modf() 00000000000000000

nan() 0000000 NaNOOODOOO

nearbyint() 00000000000000000
oooooo

nextafter() 000000000000000000

nexttoward() 000000000000000000

pow() xYO00Oooooo

rad2deg() 00000000000000000000000

remainder()o+x000 2000000000000000000

remquo() 2000000000000000000

rint()o*00 0 gooooooooooo

round() 0000000000000D00D00000000

gddodoboooouooouoooouogoooaa
scalbn()o+0o0 xxFLT RADIX"O0OO0OO0OO

sin() gboooobooboonon

sinh() gbboogobooboabboda
sqrt() uboboooboooboonon

tan() goooobooboobbooo
tanh() ubbooboboobuoobbobobgadd
tgammal() gbooboooboogbooboooogaon
trunc() ogoogoooboobooooo

gdd

mathh OO0 0000000000000 00O00000000

000 00

HUGE_VAL double0 O OOOOO

INFINITY floatd0 O OO0OODO

NAN float 0 O Not-a-Number(O [0 )

isfinite int0 000000000000 DO0DO0ODOO
0000

isgreater double 0 O x>yUOOooooogg

isgreaterequal double 0 O x>yODOOGQOOOGO4d

isinf int-intd0 0 00000000000 0OD0O0OO0OO0
ooon

isless dowble 0 x<yOOOOOOOO

islessequal double O x<yUOooooon

islessgreater double 0 O x0O [y]OOOOOOO[yloOODOOOO
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isnan

isnormalo+0o0

yooooooooooogd
mO0O0O00ONaNODODOOODOOooooooooo
oo

0 0 000oooooooooog@oooog
UO00000ONaNOODODO)ODODODOODOODOO
gooo

isunordered O000000000000000 100
ooog

signbit nt0 0 0000000000000000000
ooooag

ooo

isnormal() U fpclassify() O signbit) U0 000000000000 0O00O0O0O0DOOO0ODO0OODO
Oo+xpoo00000000000000O00000 ChOOOWindowsODOOOOOOOODOODOO

gooooobogan

isunordered() [0 Irint() O Iround() 0 NAN() O nearbyint() (0 nexttoward() [ remquo() [J round() [
teamma) 0 trunc) D 0000000000 DOOODOOODODOOODOOOOOOODOO
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aCos

oo

#include <math.h>
type acos(type x);
double acos(double x);

oon
gboooboobooobooooao

oon
acosJ 00O 0O0O0ODOOOOOOO,mUOb0bO0OO0OOOOOODOOO

ooooo
x gooooooobooooobo

oo
acos 00O xODODOOODOOODDOOODOOO
0od [-,+1]00000000b00D00bO0bO0bO0bO0DOoO0bOooo0bOOooooooooon
oooooooooog
—acos(too)d NaNO OO OOO
—acos(NaN) O NaNO OO OQOO
—acos(+£0.0)0 7/2000000
—acos(x)0 |z|>10000 NaNODOOODOO

0

#include <math.h>
#include <stdio.h>

int main () |
double x = 0.3;

printf ("acos(x) = $f\n", acos(x));
}
0o
acos(x) = 1.266104
oooao

cos(), acosh(), cosh().
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acosh

oo

#include <math.h>
type acosh(type x);
double acosh(double x);

oo
gbooooboabooooogo

oon
acoshJ O DOODOOD0OODOODOODO [0,ecol]UDODODODODOO
googn

xgoooboboobooboan

o0

acosch 000 xOOOOOODOOOOOODODOOOOOOOODOO1OD00DODOOO0ODbOOODODOOO
O000d00000o0oooooooopoooopoooooooog

—acosh(—oo) 0 NaNO OO ODODO

—acosh(4+oc0) 0 oo 000000

—acosh(NaN) O NaNO OO OOQOO

—acosh(—x)0 x>00000 NaNODOOOOO

—acosh(x)d z < 1.00000 NaNODOOOODO

0

#include <math.h>
#include <stdio.h>

int main () |
double x = 0.3;

printf ("acosh(x) = %$f\n", acosh(x));
}
0o
acosh (x) = NaN
oooad

cos(), acos(), cosh().
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asin

oo

#include <math.h>
type asin(type x);
double asin(double x);

oo

gooooooooooog

oon

asin00 000000000 [-«#2, 7210000000000

googn
xgboooboaobbooobdg

00
asin 000 x00000000000000000000([-1,+1]1000000000000000
000000000000000000000000000000000

—asin(+00) 0 NaNO OO OO0

—asin(NaN) 0 NaNO 00000

—asin(+0.0) 0 £0.0000000

—asin(z)0 |z| >10000 NaNODODODOOO

0

#include <math.h>
#include <stdio.h>

int main () {
double x = 0.3;
printf ("asin(x) = $f\n", asin(x));

}
0o

asin(x) = 0.304693

ooogd
sin(), asinh(), sinh().
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asinh

oo

#include <math.h>
type asinh(type x);
double asinh(double x);

oo
gboooboobooobooooao

ooo

asinh 000000000000 000000000000000000000000000000
0o

—asinh(+00) 0 o 000000

—asinhNaN) O NaNO OO OOO

—asinh(+£0.0)0 £0.0000000

—asinh(—z)0 2 >00000-asinx) 000000

googo
x gboooobooooaoobg

oo
asinh 000 xO0 000000000 O0OOOO0

0

#include <math.h>
#include <stdio.h>

int main () {
double x = 0.3;
printf ("asinh(x) = %$f\n", asinh(x));

}
g

asinh(x) = 0.295673

oooad
sin(), asin(), sinh().
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atan

oo

#include <math.h>
type atan(type x);
double atan(double x);

oo
gbooobbooboobooobd

oon
atan 00 00000000ODOO0O [-(#2,72]00000000000000

ooooo
x goooboooobooboooo

0o
atan 000 x000000000000000000000000000000000000000
0ooo

—atan(+00) 0 £7/2000000

—atan(+0.0) 0 £0.0000000

—atan(NaN) 0 NaNODODODOOO

—atan(—z)0 2 >00000 —atan(z) 000000

0

#include <math.h>
#include <stdio.h>

int main () |
double x = 0.3;

printf ("atan(x) = %$f\n", atan(x));
}
0o
atan(x) = 0.291457
oooad

tan(), atanh(), atanh().
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atan2

0o0d

#include <math.h>

type atan2(type y, type x);
double atan2(double y, double x);

oo
gbooobbooboobooobd

oon
atan2 D00 0yxO0000000000OO [-m,7000000000000O0OO

ooooo
x goooobooboobobooboon

yooooooooooooobooobooo

oo

atan2 000 0yxOOO0ODOOOOODOOODOODODOOODOOOOODOOOOODOOOOOOOOO
0000000000 DOo0odoooDddoooDo0ooooooOoooooOooooooOooog
O0o00d000o0o0ooooooooo

—atan2(+0,2)0 . >00000 0000000

—atan2(+0,+0)0 £00 00000

—atan2(+0,2) 0 x < 00000 7 000000

—atan2(+0,-0)0 tx 000000

—atan2(y,+0)0 y >00000 /2000000

—atan2(y,+0)0 y< 00000 #/2000000

—atan2(+y,c0) 0 y 200000 00000003

—atan2(+oc0,z) 0 x 0000000 £7/2000000

—atan2(+y,—oco)d y > 00000 +x 000000

— atan2(t+o0,00) 0 +7/400 0000

— atan2(do0, —oc0) 0 +37/40 00000

—atan2(NaN, NaN) 0 NaNO OO QO 0O0Od

0

#include <math.h>
#include <stdio.h>

int main () {
double x = 0.3;
double y = 0.5;
printf ("atan2 (x,y) = $f\n", atan2(x,vy));
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oo

atan2 (x,y) = 0.540420

oooag
tan(), atan2h(), tan2h().
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100 : 00 <math.h> atanh

atanh

oo

#include <math.h>
type atanh(type x);
double atanh(double x);

oo
gboooobooboooobodaon

oon
atanh U 00000000000 O0DOOOODOOOO

ooooo
x goooboooobooboonoobo

g

atanh 000 xO0O0OO0O0OOOODODOODOOOODODODOOO [-11joobooboobooooobog
gbooboobobo-1oob+w10boobobobobooobobobooooobOoobOoDo
gbooobboobooboobboobogo

—atanh(£0)0 0000000

—atanh(£1 )0 oo OOODOOO

—atanh(x)0 |z| >10000 NaNOOOOOO

—atanh(foo ) NaNO O O DO OO

—atanh(NaN )0 NaNO OO 0O0OO

0

#include <math.h>
#include <stdio.h>

int main () {
double x = 0.3;

printf ("atanh (x) = %$f\n", atanh(x));
}
aad
atanh (x) = 0.309520
oooa

tan(), atan(), tanh().
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cbrt

aoad
#include <math.h>
double cbrt(double x);

oo
DDDDDDDDDD

oon
chrt 00 00O0O0O0OO0OOOOOO

googn
xgbooooboobooab

oo

chrt 000 x0000000O00O00OO0OOOOOOOOOOOOOOOOOOOOODOODOO0
—cbrt(foo) 0 oo OO OO OO

—cbrt(£0)0 £00 00000

—cbrt(NaN) 0 NaNO OO OODO

0

/* a sample program that solves the cube root =*/
#include <stdio.h>
#include <math.h>

int main() {

double x= 8.0;

printf ( "the cube root of 8 is %f\n",cbrt (x));
}

oo

the cube root of 8 is 2.000000

goog
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100 : 00 <math.h>

ceil

ceil

oo

#include <math.h>
type ceil(type x);
double ceil(double x);

oo
gboooboobooogao

oon

ceilC00xO0ODOOOOOOODOOOOOODOOOOOOOUODOOOOOODOODODOOO

goooobooon
—ceil(oo)d oo OO DO OOO
—ceil(x0)0 0000000
—ceilNaN) D NaNO O DO OO

oooon
xDoboboboboboobooooo

og
ceil D00 OxOO0DOOODOOOODOODOODO

0

#include <math.h>
#include <stdio.h>

int main () {
double x = 0.3;

printf ("ceil(x) = $f\n", ceil (x));

}
0o

ceil(x) = 1.000000

goog
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100 : 00 <math.h> copysign

copysign

0o0d
#include <math.h>
double copysign(double x, double y);

oo
ooooooooooon

ooo
copysign 000 0x00000y0OOOOOODOOOOOO0O

googn
xgooobooan

yooooooo

go

copysign 0D OxO0O0D0O0yODOUOOODOOODDOUOOxO NaNODOODONaNO yO o g
gboobobouooboboboobooobooobobboboobooboobobooboobon
O000OOecopysignD DO ODOODOODOODOODODOO

0

o
ooogd
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100 : 00 <math.h> cos

COS

Ood
#include <math.h>

type cos(type x);
double cos(double x);

oo
gboooboobooogao

oon
cosHUOODOOODOOOODOOO

ooooo
x goooobooooo

oo
cosO000O0O0OOOOOOODODOxODODOOOOO0O0OO0OOO0ODODODOOOO0O0O0OO0OOOOOOoOoOO
oo0o0oobooon

—cos(x0)0 100 ODODOO

—cos(oo)d NaNO OO OOO

0

#include <math.h>
#include <stdio.h>

int main () |
double x = 0.3;
(x)

printf ("cos(x) = %$f\n", cos(x));

}
g

cos(x) = 0.955336

ooon
acos(), acosh(), cosh().
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100 : 00 <math.h> cosh

cosh

oo

#include <math.h>
type cosh(type x);
double cosh(double x);

oo
gboooboobooobooooao

oon
coschJ 0000000 ODOOOODOODOOO

ooooo
x gooooooobooooobo

00
coshO0OO0x0000000O00000000Ox00000000000000000000000
0000000000000000000000000000

—cosh(:0)0 1000000

— cosh(+00) 0 +0c 000000

—coshNaN) O NaNO OO OO0

0

#include <math.h>
#include <stdio.h>

int main () {
double x = 0.3;

printf ("cosh(x) = %$f\n", cosh(x));
}
aad
cosh(x) = 1.045339
oooao

cos(), acosh(), acos().
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100 : 00 <math.h>

deg2rad

deg2rad

o0
#include <math.h>
double deg2rad(double x);

oo
oooooooooobooboooboobobobgo

oon
deg2rad 00000000 0DOOOOOOOO

googn
xgooaoog

oo

deg2rad) U 000000000 0O0O0OOOOOO z000D00DODODODODOODO

0000 =0 /180

0

/+ a sample program that use deg2rad() and rad2deg() */
#include <math.h>

int main() {
double radian, degree;

radian = deg2rad(90);

printf ("90 degrees are %$1f radians\n", radian);

degree= rad2deg (M_PI);

printf ("PI (%1f) in radian are %.1f degrees\n", M_PI,
}

ao

90 degrees are 1.570796 radians
PI (3.141593) in radian are 180 degrees

ooogd
rad2deg().
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100 : 00 <math.h>

erf

erf

mEN
#include <math.h>
double erf(double x);

oo
DDDDDDDDDDHD

ooQd
erff 00000000 DOOODOOOO

googn
xgboooobooboa

oo

erff 0 O00O0xO0OOODO %fg‘e_thtDDDDDDDDDDDDDDDDDDDDDDDDDDD

oooooo
—erf(:0)0 £0000000
—erf(+o0)0 £1 000000

0

/* a sample program that returns the error fuction of x */
#include <stdio.h>
#include <math.h>

int main() {
double x,vy;

x = 1;

y = erf(x);

printf ("the error fuction of x= %$f is %f\n",x,Vy);

y = erfc(x);

printf ("the complementary value of x= %f is $f\n",x,y);

}
ao

the error fuction of x= 1.000000 is 0.842701
the complementary value of x= 1.000000 is 0.157299

goog
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100 : 00 <math.h> erfc

erfc

mEN
#include <math.h>
double erfc(double x);

oo
DDDDDDDDDDDDHD

oon
ecfc00000000DO0O0O0ODO0OODOODO

googn
xgboooboaobbooobdg

oo

ecfc0000xO0000000 %f;}oe—tzdtDDDDDDDxDDDDDDDDDDDDDDDDD
gbogobooboobbooboobobooboobooooobooon

—erfe(+oo) 0 OO ODOOO

—erfe(—00)0 2000000

0
erf0 0000

ooogd
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100 : 00 <math.h> exp

exp

oo

#include <math.h>
type exp(type x);
double exp(double x);

oo
el0000bO0o0bOOoOoObDOOO

oon
expUUOOOOOOoOOooOooOoooOO

ooooo
xelOOOODODDOOODOOOOOODDO

00
exp000000000x00000 «*0000000x000000000000000000
0000000000000 00000000000000000000

—exp(£0)0 1000000

—exp(+00) 0 +oo 000000

—exp(—oco) 0 40000000

—exp(NaN) I NaNO DO OO OO

0

#include <math.h>
#include <stdio.h>

int main () |
double x = 0.3;
(x)

printf ("exp (x) = %$f\n", exp(x));

}
g

exp(x) = 1.349859

oooad
exp2(), expm1(), frexp().
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100 : 00 <math.h> exp2

exp2

oo

#include <math.h>

double exp2(double x);

float exp2f(float x);

long double exp2l(long double x);

ao
2000000000 booooogg

godg
exp20 00 2000000000000O000O00O0OO0

oooon
x2000000000000000000

oo

exp2 0000200000 x000002°0000000x0000000000000000O000
O000d000o00oo0oooooooooooooooooOooDoooon

—exp2(£0)0 1000000

—exp2(+o0)d +oo 00O DO OO

—exp2(—o0)0 40000000

—exp2(NaN) NaNO O OO OO

0

#include <math.h>
#include <stdio.h>

int main() |
double x = 3.0;

printf ("exp2 (%f) = $f\n", x, exp2(x));
}
0o
exp2 (3.000000) = 8.000000
oooao

exp(), expm1(), frexp().
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100 : 00 <math.h>

expml

expml

mEN
#include <math.h>
double expm1(double x);

oo
e000O00OD0ODO-100D00D00O0O

oon
expml 0000 -100000000

googn
x et -1000000000

oo

expml 00 00e00000000O00ODO0O0OO 100000 #—-10000000x000000
gbooobobooboobooboobboobbooboobobooobooboobboooboon

—expml(£0)0 00D O0ODOO
—expml(4+o0)d oo 000 OOO
—expml(—co)d —1000000
—expml(NaN) O NaNO OO OOO

0

#include <math.h>
#include <stdio.h>

int main () {
double x = 0.3;

printf ("expml (x) = $f\n", expml (x));
}
aad
expml (x) = 0.349859
oooao

exp(), exp2(), frexp().
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100 : 00 <math.h> fabs

fabs

mEN
#include <math.h>
double fabs(double x);

oo
gooooooooon

oon
fabs 000 xODOOOOOOODOO

googn
xgoooboaooog

00

fabs 1000000000 x00000000000000000000000000000000
00000

—fabs(+0) 0 +0000000

— fabs(+00) 0 400000000

— fabs(NaN) O NaNO OO O OO

0

/* a sample program that returns the absolute
value of x. */

#include <stdio.h>

#include <math.h>

int main() {
float x;

x = =12.5;

printf ("The absolute of %3.1f is %3.1f \n",x,fabs(x));
}

ao

The absolute of -12.5 is 12.5

ooogd
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100 : 00 <math.h>

fdim

fdim

oo

#include <math.h>

double fdim(double x, double y);

float fdimf(float x, float y);

long double fdiml(long double x, long double y);

ao
gooooobooon

godg
fdim 0 0000000000000

oooon
x0DOobOob0o oo0ooooooooooooo)o

yobooobD «0obDboOoobooboooo)g

0o0d
fdmO000000D0O00OO00O0OODOODODOO
x>ydoodd x-y
x<yOQooog+o
0000000000000 00o0oo

0

#include <stdio.h>
#include <math.h>

int main() {
double x[2] = {1.0, 3.0};
double y[2] = {3.0, 1.0};
printf ("fdim(x[0],y[0]) = $f\n", fdim(x[0], yI[0]));
printf ("fdim(x[1],y[1]) = $f\n", fdim(x[1], yI[11));
}
00O
fdim(x[0],y[0]) = 0.000000
fdim(x[1],y[1]) = 2.000000

goog
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100 : 00 <math.h> floor

floor

oo

#include <math.h>
type floor(type x);
double floor(double x);

oo
gboooboobooogao

oon
floor 000 xO0O0OOODOOOOOOODOOOOOODOOO

ooooo
xgboooboooobooboobbooogd

g
floor00x0O0D00O00O0ODOODO0OOO0ODOODOOOODODOODOODODOODDODO
0oood

—floor(x)0 20 oo 000 x000002000000

0

#include <math.h>
#include <stdio.h>

int main () {
double x = 0.3;

printf ("floor (x) = %$f\n", floor(x));
}
0o
floor(x) = 0.000000
ooon
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100 : 00 <math.h> fma

fma

mEN
#include <math.h>
double fma(double x, double y, double z);

oo
gooooooooon

oon
maJ0001003000000 x+y)yxzOODOOOOOOODOOOOOOOO

googn
xgboooobooboa

yooooobooboboo
zx+yUoogoooo

ao

fmal0 0001003000000 x+y)yxzOUODOUOOOOOoOooooooobooooooooo
OU000DO00b0O0O0OUOU0DFLTROUNDS D OOODOOOODOOOOODOOOOOIDOOO
gbooobobooboboobooboboobooboooboobooooooo
—z0y000000000000000000O fma(z,y,z)0 NaNODOUODOOO
—zxU0y0O000000O0O0O00000000D0000000000fma(z,y,2)0 NaNOOD
oo

0

#include <stdio.h>
#include <math.h>

int main () {
double x = 1.0, y
printf ("fma (%f, %f

2.0, z = 3.0;
) =

, 5f sf\n", x, y, z, fma(x, y, z));

}
ao

fma (1.000000,2.000000,3.000000) = 5.000000

good
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100 : 00 <math.h> fmax

fmax

mEN
#include <math.h>
double fmax(double x, double y);

oo
ooooooooogg

oon
fmax OO0 00000DOOO0O0O0OODOO

googn
xgoooboaooog

yboboooooooo

go

fmax 00000000000 DOOOODLOOOOOOOO0ODOO0OOODODO0OODOOOOODOOOOO
— 000000 NaNDODOOOmaxOOOOOOOOO0O00O0DOOODODDOOOO NaNOOOONaN
goooon

0

/* a sample program that decides which of the two values is a max. =*/
#include <math.h>
#include <stdio.h>

int main() {
double x, vy, z;

x 1.0;

% 2.0;

z =fmax(x, v);

printf ("Value 1: %$f\n", x);

printf ("Value 2: $f\n", vy);

printf ("$f is the maximum numeric value.\n", z);

}
ao

Value 1: 1.000000
Value 2: 2.000000
2.000000 is the maximum numeric value.

goog
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100 : 00 <math.h> fmin

fmin

mEN
#include <math.h>
double fmin(double x, double y);

oo
ooooooooogg

oon
min0000000000DOOODOOD

googn
xgoooboaooog

yboboooooooo

go

minO0 0000000000000 O0O0O00DOOOO0ODOO0OO0ODOO0O0ODOO0O0ODOOOODOO0OO
— 000000 NaNOOOOfminOOOOOOOO0OODODOOCDOOOOOOO0O NaNOOOUONaN
goooon

0

/* a sample program that decides which of the two values is a min. =*/
#include <math.h>
#include <stdio.h>

int main() {
double x, vy, z;

x 1.0;

% 2.0;

z =fmin(x, vy);

printf ("Value 1: %$f\n", x);

printf ("Value 2: $f\n", vy);

printf ("$f is the minimum numeric value.\n", z);

}

0o
Value 1: 1.000000

Value 2: 2.000000
1.000000 is the minimum numeric value.
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100 : 00 <math.h> fmod

fmod

oo

#include <math.h>

type fmod(type x, double y);
double fmod(double x, double y);
float fmodf(float x, float y);

ao
gooooooon

godg
fmod D00 xyOOOODODOODODODODODODOODOO

googn
x0oog

y0oQ

g

fmod DD 000D OD0 0000 x-nyUDUODOOO0OOyODOODOOOOoOoOoOooO0xoogonoGQ
gboboboobooybooboboobobooyboobobooboobobOooboDbo
gboboobobooboobboooboobooobooboooboobooobobooobooonon

—y 000000 o0dbfmod(£0,y) 0 0000000
—200000y0O000000fmod(z,y) 0 NaNODOODOODO

—2 00000000000 fmoed(z,£00)d 2000000

0

#include <math.h>
#include <stdio.h>

int main () |
double x =

0.3;
double vy = 1.7;
d

printf ("fmod(x,y) = %$f\n", fmod(x,y));
}
aad
fmod(x,y) = 0.300000
oooa
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100 : 00 <math.h> fpclassify

fpclassify

00
#include <math.h>
int fpclassify(double x);

oo
DDDDDDDDHD

oon
fpclassify ] 0 000000000000 0OO0OO0OO0ODOOOOO0OODO

googn
xgooaoog

oo

fpclassify IO OO 0D0OO0O0OO NaNODOOOOOODOOOOOODOOOOOODOOOOOO
gbooboobooboboboobooobooobobboobooboobobboboboobon
ooooooooo

goog
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100 : 00 <math.h> frexp

frexp

mEN
#include <math.h>
double frexp(double value, int *exp);

oo
obooooooooooooooooon

god
frexpO0 0000000 [172,1]000000000000000 valueD 20 xsexpO 0 xO0000
U000 x000000vwkeD0O0O0O0O0O0O0O0OO0OO0O0O0OOOOOOOOO

OooO0o00O
value OO0 O0O00OO0O0O

exp DOOOOODODOOO0OOOOODOOOOO

00

frexp 0 0000000000000 0D000OD000220000000000000exp00000
int00000000000000000000000000DO0O00DbO0DO0DbOO0bOO0bOobOOo
— frexp(+£0,exp) 0 0000000

— frexp(too,exp)d oo 0 OO OO0

— frexp(NaN, exp) D NaNO O OO QOO

0

#include <stdio.h>
#include <math.h>

int main() {
double value = 3.1415926;
double x;
int expt;
x = frexp(value, &expt);
printf ("x = $f\n", x);
printf ("xexp = %d\n", expt);

g

x = 0.785398
*exp = 2

oooQg
exp2(), expm1(), exp().
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100 : 00 <math.h>

hypot

hypot

0o0d
#include <math.h>
double hypot(double x, double y);

oo
gooooooooon

oon
hypot U0 0DO0O0OO00OO0OO0OO0OOOOOOOO

googn
xgbooooboobooab
yOboooooobooooo

go

hypot U0 00000000 DOOD0OOO0OO000O00O0O0O0ODLODOODOO0OOx0200y02000
gboobooobobboooboobuoobooboboboobooobuooboooobooobon

gboooboooobooo

— 20000000y 0 NaNOOOhypot(z,y) 0 oo 000000

— hypot(z,+0) 0 fabs(z) 000000

0

/* a sample program that use hypot () %/
#include <stdlib.h>
#include <math.h>

int main() {
double z,vy;
double x;

X

Yy
z

3;
4;
hypot (x,v);

printf ("The magnitude of the complex number %2.1f+i%2.1f is %2.1f\n",x,vy,2z)

0o
goog
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0d: 00 <math.h> ilogb

ilogb

mEN
#include <math.h>
int ilogbh(double x);

oo
DDDDDDDDD

oon
logh 0D 0OxODOOOOOOODOOOOOOODOODOO

googn
xgbooooboobooab

oo

ilogp0O000xO0O00O0OO0OO0OOOOOOOODOOOODOODOxOOODOOOO FPILOGBOOO
O000Ox000000000 INTMAXOOUODUOOxO NaNOODOOO FPILOGBNAN O OO
goboboOoobooooogobDleghOOUOODOOOUOODODDODIMODOOOODLDDOOO
gbob0d0dxoo0oboOooooOobOOobDOobOOobOobOobOoDD

0

/* The ilogb functions return the signed exponent of x as a signed int value */
#include <stdlib.h>
#include <math.h>

int main() {

double x = 10.0;

printf ("The result is %d\n",ilogb (x));
}

oo

The result is 3
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100 : 00 <math.h> isfinite

isfinite

mEN
#include <math.h>
int isfinite(double_t x);

oo
ooooooooooooboooboobgoon

oon
isfinite 100 00000000000 0O0O0ODOOODOOOODOOODOD

googn
xgboooboboobooobbooboooan

oo

isfinite 100000000000 @OOOO0ODOOOO0ODOOOODOOODOOOODOOODOOO
gbooooboobDOoNaNDODOOODOHoboooboobooooboboobooooooboooboo
obooooooooooooooooooooooooooooon

0

/* a sample program that decides if x is finite. »*/
#include <math.h>
#include <stdio.h>

int main() |
double x;

x = 1.0;
if (isfinite(x))

printf ("$f is a finite number\n", x);
else

printf ("$f is not a finite value\n", x);

}
oo

1.000000 is a finite number

goog
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100 : 00 <math.h>

isgreater

isgreater

00
#include <math.h>
double isgreater(real-floating x, real-floating y);

oo
ooooooooooon

o0od
isgreater 000 () >()OODOOOOOO
o0oooo

xDobobooboobo
yoooooooooo

g

isgreater {00 001000000200 00000000000000000O 00 isgreater(x,y) J

ooobD wm>0oooooooon

0

#include <stdio.h>
#include <math.h>

int main () {

double x = 2.0, y=1.0;

printf ("isgreater ($f %$f)= %d\n", x, y, isgreater(x,
}
00O

isgreater (2.000000 1.000000)= 1

goog
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0d: 00 <math.h> isgreaterequal

isgreaterequal

00
#include <math.h>
double isgreaterequal(real-floating x, real-floating y);

Purpose
ooooooooooogg

ooo
isgreaterequal 1 000 (x) > ()OO DOOOOO

googn
xgoooboaooog

yboboooooooo

00

isgreaterequal 1 0 00010 0000020000000000000000 003030 Oisgreaterequal(x,y)
O000D0 w>(»OOooooooo

O

#include <stdio.h>
#include <math.h>

int main() {

double x = 2.0, y=1.0, z = 2.0;
printf ("isgreaterequal ($f %$f)= %d\n", x, y, isgreaterequal (x, y));
printf ("isgreaterequal (%f %$f)= %d\n", x, z, isgreaterequal(x, z));

}
oo

isgreaterequal (2.000000 1.000000)= 1
isgreaterequal (2.000000 2.000000)= 1

goog
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100 : 00 <math.h>

isinf

isinf

mEN
#include <math.h>
int isinf(double x);

g

obooooooooooooooooooooon

god

isinf 000D 0000000000000 bOo00oo0ooooooooon

googn

xgboooboboobooobbooboooan

oo

isinf 00000000000 @oOo0o0oO0)0boooooo0oobooooboooobooOoboo

gbooooboobooboobobooboobboobooboooboobooog

0

/* a sample program that decides if x is infinite.

#include <math.h>
#include <stdio.h>

int main() {
double x;
x = 1.0;

if (isinf (x))
printf("%f
else
printf("sf
x = +INFINITY;
1f(isinf (x))
printf ("sf
else
printf ("S$£
}

oo

is

is

is

is

infinite.\n", x

not infinite.

infinite.\n",x

not infinite.

1.000000 is not infinite.

Inf is infinite.
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100 : 00 <math.h> isless

isless

00
#include <math.h>
double isless(real-floating x, real-floating y);

oo
ooooooooooon

oon
isless 0000 < (OOOoOooooo

googn
xgoooboaooog

yboboooooooo

og
isless0O00001000000200000000000000000000Oisless(x,y)y0000
Ox<@yy0ioooooood

0

#include <stdio.h>
#include <math.h>

int main() {
double x = 2.0, y=1.0;
printf ("isless (%f %$f)=

}
g

$d\n", x, vy, isless(x, Vv));

isless (2.000000 1.000000)= 0

ooogd
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100 : 00 <math.h> islessequal

islessequal

00
#include <math.h>
double islessequal(real-floating x, real-floating v);

oo

ooooooooooon

ooo

islessequal 0 D000 <(yyOOOGoooog

oooon
xDobobooboobo

yoooooooooo

0o0d
islessequal 1 00001 000000200000000000000000000U0islessequal(x,y)
0000 w<y»uooOooooooo

0

#include <stdio.h>
#include <math.h>

int main () {
double x = 2.0, y=1.0
printf ("islessequal (%
printf("islessequal (%

}
g

= %d\n", x, vy, islessequal(x, Vy));
= %d\n", x, z, islessequal(x, z));

islessequal (2.000000 1.000000)= 0
islessequal (2.000000 2.000000)= 1

ooogd
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0d: 00 <math.h> islessgreater

islessgreater

00
#include <math.h>
double islessgreater(real-floating x, real-floating y);

oo
ooooooooooooboooboobgoon

o0od
islessgreater OO0 00X < | (x)>@(UOOOOO00OOO

googn
xgoooboaooog

yboboooooooo

oo
islessgreater 1 0 0001000000 2000000000000000000O00000O00O000O
OO00Oislessgreater 000 () < () || >(O0O00000

0

#include <stdio.h>
#include <math.h>

int main() {
double x = 2.0, y=1.0, z = 2.0;
printf ("islessgreater ($f %f)= %d\n", x, y, islessgreater(x, y));
printf ("islessgreater ($f %$f)= %d\n", vy, z, islessgreater(y, z));

}
oo

islessgreater (2.000000 1.000000)

1
islessgreater (1.000000 2.000000) 1

goog

347



100 : 00 <math.h> isnan

isnan

00
#include <math.h>
int isnan(real-floating x);

oo
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oo
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gboooboboobooboboobobooboobboobooo

0
/* a sample program that assigns NaN (not a number) to x
and decide if it is NaN. */

#include <math.h>
#include <stdio.h>

int main () {
double x;

x = NaN;

if (isnan(x)) printf ("$f is not a number\n", x);

}
ao

NaN is not a number

ooogd

348



100 : 00 <math.h> isnormal

isnormal

mEN
#include <math.h>
int isnormal(double x);
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#include <stdio.h>
#include <math.h>

int main() {
printf ("isnormal (3) = %d\n", isnormal (3));
printf ("isnormal (-3) = %d\n", isnormal (=3));
printf ("isnormal (0) = %d\n", isnormal (0));
printf ("isnormal (-0) = %d\n", disnormal (-0));
printf ("isnormal (Inf) = %d\n", isnormal (Inf));
printf ("isnormal (-Inf) = %d\n", isnormal (-Inf));
printf ("isnormal (NaN) = %d\n", isnormal (NaN) ) ;

}
ao

isnormal (3
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isnormal (NaN)
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100 : 00 <math.h> isunordered

isunordered

00
#include <math.h>
double isunordered(real-floating x, real-floating y);
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100 : 00 <math.h>

Idexp

ldexp

mEN
#include <math.h>
double ldexp(double x, int exp);
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gooooooo20b000000000

oon
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exp 20000000000

go
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0

#include <math.h>
#include <stdio.h>

int main () {
double x = 3.0;

int 1 = 2;
printf ("ldexp ($f, %d) = %$f\n", x, i,
}
0o
1dexp (3.000000, 2) = 12.000000
oooao

ldexp(x, 1));
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0d: 00 <math.h> Igamma

Igamma
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#include <math.h>
double Igamma(double x);

oo
DDDDDDDDDDDDDDDDDDDDDHD

ooQ
lgcamma 0000000000 DO0OOODOOOODOOOOO

googn
xgboooboaobbooobdg

oo
lgcamma D00 0x0000000000000O0O log,|I'(z)|]D000000x00000000
gboopobooboobboobuooboboobooboboobobooo

0
/* The lgamma functions compute the natural logarithm of
the absolute value of Gamma of x. =*/

#include <stdio.h>
#include <math.h>

int main() {
double x = -12.5;

printf ("1ln(|Gamma (%2.1f)| is %2.1f\n",x,lgamma (x));
}

g

In(|Gamma (-12.5)] 1is -20.1
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100 : 00 <math.h>

log

log
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#include <math.h>
double log(double x);
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—log(H)O+0000000

—logx)0 2 < 00000 NaNODOODOOO
—log(+00) 0 +oo 00O OOO
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#include <math.h>
#include <stdio.h>

int main () |
double x = 0.3;
(x)

printf ("log(x) = %f\n", log(x));

}
g

log(x) = -1.203973

good
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0d: 00 <math.h> log10

log10
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#include <math.h>
double log10(double x);

oo
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ooQ
logl0OOODI0O000000DOOOODOOOO

googn
xgooao

00

logl0 DOOOD1000000x0000000000000000000000000000000
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0000000000000

—logl0(+£0)0 —co 000000

—loglo()D+00 00000

—logl0(x) 0 2 <0000 NaNOODOOOO

—logl0(+o0) 0 +oo 000000

0

#include <math.h>
#include <stdio.h>

int main () |
double x = 0.3;

printf ("loglO(x) = %$f\n", loglO(x));
}
0
loglO(x) = -0.522879
ogoono
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100 : 00 <math.h> loglp

loglp

00
#include <math.h>
double loglp(double x);

g

e00D00O0OODOODODODOD

godg
loglpU00O0edD00O0O0OD0O0O+100000000DOO

oooon
x0O0o-10b0b0-10b0bob0obobobmm

0d
loglp0000e00000D0O0+10000000D0000DOOO00OODODO-100D000O0O0O00
000oooDo0oooooooo-1o0dooooooooboooooooboooboooooDooOon
Jooooooooooooooooo
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#include <math.h>
#include <stdio.h>

int main () {
double x = 0.3;
(x)

printf ("log(x) = %$f\n", log(x));

}
0o

log(x) = -1.203973

goog
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0d: 00 <math.h> log2

log2
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#include <math.h>
double log2(double x);
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oon
log2000020000000000000O0

googn
xgooao

o0
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—log2 (£0)0 —ccO OO OO0

—log2(x)0 x< 00000 NaNODOODOOO

—log2 (+o0)d oo 000000

0

#include <math.h>
#include <stdio.h>

int main () {
double x = 2;

printf ("log2(x) = $f\n", log2(x));
}

0o

log2(x) = 1.000000
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0d: 00 <math.h> loghb

logb
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#include <math.h>
double logb(double x);
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—logb (+00) 0 +oo 000000

0

/* The logb functions return the signed exponent of x. */
#include <stdlib.h>
#include <math.h>

int main () {
double x = 10.0;

printf ("The result is %$f\n", logb(x));
}

0o

The result is 3.000000
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100 : 00 <math.h> Irint

Irint

oo

#include <math.h>

long int Irint(double x);

long long int llrint(double x);
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100 : 00 <math.h> Iround

Iround

oo

#include <math.h>

long int Iround(double x);

long long int llround(double x);
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Iround 00000 lround D0 0000000000 ODOODODO

ooooo
x goooooon
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100 : 00 <math.h> modf

modf
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#include <math.h>
double modf(double value, double *iptr);

oo
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—modf(doo,iprr)0 000 00pryr0000000O00O00O0 o DDOOOOO

—modf 0000 NaNOOODpperD00O00D0O00OO0O0OONaNOOOOOONaNOOODOOD

0

0o
goog

360



100 : 00 <math.h> nan

nan

0o0d
#include <math.h>
double nan(const char *fagp);
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100 : 00 <math.h>

nearbyint

nearbyint
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#include <math.h>
double nearbyint(double x);
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100 : 00 <math.h> nextafter

nextafter
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#include <math.h>
double nextafter(double x, double y);
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/* a sample program that computes the next representable value */
#include <math.h>
#include <stdio.h>

int main() |
double x, vy, z;

x = 5.0;

% 10.0;

4 nextafter (x, v);

printf ("$f is the next representable value.\n",z);

}
g

5.000000 is the next representable value.
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100 : 00 <math.h> nexttoward

nexttoward
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#include <math.h>
double nexttoward(double x, long double y);
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0d: 00 <math.h> pow

pow

aoad

#include <math.h>

type pow(type x, type y);

double pow(double x, double y);
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—pow(z,—00) 00 |z|<10000 +co00O0000

— pow(+oo,y) 00yl >00000 400000000
—pow(+oo,y) D0 |yl <00000+0000000

—pow(—00,y) 00y0 000000000000 00000 —cc00O0000

— pow(—00,y) 00y 0 000000000000000000 400o000000
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— pow(£l,+00) 0 NaNO O OO OO
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oooooo

— pow(+0,4) 00y 0 000000000000000000 tcc000000

— pow(+0,9) 00y 0 000000000000000000 400000000

— pow(+0,9) 00y 0 0000000000000 00O00 40000000

— pow(+0,4) 00y 0 000000000000000000+0000000
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100 : 00 <math.h>

#include <stdio.h>
#include <math.h>

int main() {
double x = 2.0;
double vy = 3.0;
printf ("pow (£

3f)

ao

pow (2.000000 3.000000)

$f\n", x,

8.000000

Yr

pow (%,

366

v) )i

pow



100 : 00 <math.h>

rad2deg

rad2deg

mEN
#include <math.h>
double rad2deg(double x);
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deg2rad().
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100 : 00 <math.h> remainder

remainder
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#include <math.h>
double remainder(double x, double y);
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/* The function returns the value of r = x REM y. r=x-ny, where n is the
integer nearest the exact value of x/y. x/

#include <math.h>

#include <stdio.h>

int main() {
double x, vy, zZ;

x = 5.0;
y = 2.0;
z =remainder (x, Vv);
printf ("x = %f\n", x);
printf("y = %f\n", vy);
printf ("Remainder = %$f.\n",z);
}
0o
x = 5.000000

y = 2.000000
Remainder = 1.000000.

goog

“00000000000 ChOO0Oremainder 00 Windows 0000000000000 00000000

368



100 : 00 <math.h>

remquo

remquo
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#include <math.h>
double remquo(double x, double y, int*quo);
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100 : 00 <math.h>

rint

rint
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#include <math.h>
double rint(double x);
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/* a sample program that rounds a double number. =*/
#include <stdlib.h>
#include <math.h>

int main() {
double x = 213.645;
printf ("%$3.3f is rounded to %f \n",x,rint (x));

}
g

213.645 is rounded to 214.000000

ooogd

00000000000 ChOOOrint D00 Windows 000000000000 00000000O0O

370



100 : 00 <math.h> round

round
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#include <math.h>
double round(double x);
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100 : 00 <math.h> scalbn

scalbn UJ [J [J scalbln

oo

#include <math.h>

double scalbn(double x, int n);
double scalbln(double x, int 7);
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xx FLT RADIX"OODOOODO D@D
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ooooo
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—scalbn(z,n) 002 00000000000D000 ztO0Q0DOO0O0O

—scalbn(z,0) 0 x 000000

0

/* a sample program that decides which of the two values is a max. =*/
finclude <math.h>
#include <stdio.h>

int main() {
double x, z;
int y;
X 5.0;
y 2;
z =scalbn(x, vy);
printf ("Value 1: %$f\n", x);
printf ("Value 2: %d\n", vy);
printf ("$f is the maximum numeric value.\n", z);

}

0o
Value 1: 5.000000
Value 2: 2

20.000000 is the maximum numeric value.
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100 : 00 <math.h>

signbit

signbit
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#include <math.h>
int signbit(double x);
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#include <stdio.h>
#include <math.h>

int main() {
printf ("signbit (3) = %d\n", signbit (3));
printf ("signbit (-3) = %d\n", signbit(-3));
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100 : 00 <math.h> sin

sin

Ood
#include <math.h>

type sin(type x);
double sin(double x);
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The function returns the following values related to special numbers:

—sin(x0) 0 0000000

—sin(+oco) 0 NaNO O DO O OO

0

#include <math.h>
#include <stdio.h>

int main () {
double x = 0.3;
(x)

printf ("sin(x) = %$f\n", sin(x));

}
0o

sin(x) = 0.295520

oooag
asin(), asinh(), sinh().
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100 : 00 <math.h> sinh

sinh

oo

#include <math.h>
type sinh(type x);
double sinh(double x);
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0000000000000000000000000000

—sinh(+0)0 £0000000

—_sinh(+00) 0 400000000

0

#include <math.h>
#include <stdio.h>

int main () |
double x = 0.3;

printf ("sinh(x) = %$f\n", sinh(x));
}
0o
sinh(x) = 0.304520
oooao

sin(), asinh(), asin().
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sqrt
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#include <math.h>
double sqrt(double x);
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g

0

#include <math.h>
#include <stdio.h>

int main () |
double x = 0.3;

printf ("sqgrt (x) = %$f\n",
}
0o
sgqrt (x) = 0.547723
oooao

sgrt (x

)) i
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100 : 00 <math.h> tan

tan

oo

#include <math.h>
type tan(type x);
double tan(double x);

oo
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00
tan0 0000000000000 x0000000000000000000000000000
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— tan(£0)0 0000000

— tan(+o0) 0 NaNO OO DO OO

0

#include <math.h>
#include <stdio.h>

int main () |
double x = 0.3;
(x)

printf ("tan(x) = %$f\n", tan(x));

}
g

tan(x) = 0.309336

ooon
atan(), atanh(), tanh().
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100 : 00 <math.h> tanh

tanh

oo

#include <math.h>
type tanh(type x);
double tanh(double x);
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—tanh(£0)0 F0000000O
—tanh(+oo) £1 000000

0

#include <math.h>
#include <stdio.h>

int main () {

double x = 0.3;

printf ("tanh(x) = $f\n", tanh(x));
}

0o

tanh(x) = 0.291313

oood
tan(), atanh(), atan().
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0d: 00 <math.h> tgamma

tgamma
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#include <math.h>
double tgamma(double x);
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000000xO00000000000O0OooODOO00000ooooooooOoOboo0oooooon
0000000000 bOo0ooooobOoooooooooon

— tgamma(+oo) [ +oo 0O OO OO

—tgamma(x) 00 000000000000 00 400000000

—tgamma(—oo) 0 NaNO OO D OO

g
0o
goog

00000000000 ChOOOtgamma D0 000000000000 00000000000000O0
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trunc

trunc

aoad
#include <math.h>
double trunc(double x);

oo
DDDDDDDDDD

oon
trunc00000000O0O0DOOOO0O

googn
xgbooooboobooab

oo

trunc0 000000000000 OOOOOOO@WOOOOOO)OOOOOODOOO

0
g
goog

00000000000 ChOOOwune J0000D0000000000D000O00000D0O00D0O0OO
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U000000ODO numeric.h O O Ch Professional Edition D O 0 00000000 OO0OO0ODOODOO
O000booobbb0o0bobbboOoU0bOodn math.hstdarghU array.h O O 0O difen.h O 0O O
gbooboboobboobooboobbooboobbuooboobn

00 oad

balance() 0o0o0odoooooobooo0ooooooooooooon
ccompanionmatrix() gooooooooooooood

cdeterminant() Ooo0oooooooooan

cdiagonal() 0o0o0oooooooooooooon
cdiagonalmatrix() oo0ooooooooooooooooo
cfevalarray() Oo0oooooooodon

cfunm() 0o0o0oooooobobooooooooogo
charpolycoef() oo0odooooooooooooooo

choldecomp() 0000000 AO Cholesky DO OOGOOOO
cinverse() 0o0ooooooobobooooooogo

clinsolve() Luooooooodooooooooooon
cmean() O00dooooooooOooo0oooooooooooooon
combination() n000000(A000O0O0O0D0O0O0000O0OO0O0O0O0
companionmatrix() goooooooooo

complexsolve() Ooo0ooooooooon

complexsolvePP() O00ooooooooon

complexsolvePR() doooooooooooo

complexsolveRP() O00ooooooooon

complexsolveRR() 0ooooooooooon

complexsolveRRz() doooooooooooo

condnum() ooooooooooon

conv() 10000 Fourier OO (DFDH) OO OOOOOOODOOO
conv2() 20000 Fourier OO (DFHYOOOOOOOODODOOO
corrcoef() Oo0ooooooOon

correlation2() 2000000000000

covariance() Ooooooooooo

cpolyeval() 0o0ooooooooooooooooooooo
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cproduct()

cquadratic()
cross()
csum()

ctrace()
ctriangularmatrix()
cumprod()
cumsum()
curvefit()

deconv()
derivative()
derivatives()
determinant()
diagonal()
diagonalmatrix()
difference()
dot()

eigen()
eigensystem()
expm()
factorial()
fevalarray()
fftO)

filter()
filter2()
findvalue()
fliplr()
flipud()
fminimum()
fminimums()
fsolve()
funm()
fzero()

ged()
getnum()
hessdecomp()

histogram()
householdermatrix()

0000000000000 0000o0oooDoooooooooog?2
gbo0oooouoooooooboooooog
g0000oo0ooooooooooog
000000o0oooooooo
oboooooooooooogobooogoooooooooooogo 2200
gO0000O0ooOoooooooooooo
0000000oOooDooooooooog
obooboooboboobobobobooboobooooo
o0000o0ooooooooooog
000000oooooooooood

U000 xOyOUOoooooooooooooooooooooooog
o0

100000 Fourier OO (DFT) OO OOOODOOOOO
o00o000ooobooooooboooooooooo
000000000 O0o0OOooooooooooooo
0000oooooooo

oo0o00o0oooobooooooo
O00000o0OO0oooooooon
0000o0o0oooooooooon
ooo0oobooboobooobooo

000000000 Ooo0Oooooo
0000o0o0oooooooooon

oooo0ooooooon

ooooooooo

ooooooooogd

NOOODOO Fourier 0 O (FFHYODOODODODO
0000000o00ooOoooo

200000 Fourier DO 0O FIROODODOODOODODOOO
O000000O00o0ooOooOoooooooogoo
O0000O00oOoDoooo

oboooooouoouoon

100000000 b0obO0obobOOobOoboOobOoobooooooo
n00000000000000DO000O0O
obooouoouoooooogoooogg
g00000oooooooooooooo
1000000000000 DO0DO0bOObOoO0
obob2000b00b00b0obobobobobobo
g00000oooooooooooooo
0000000000000 000000O00ooooooooon
OO0 Hessenberg D 0 OO DOOOOO
gO0000o0o0o0ooooooooooooog

Householder 1 0 OO O OO0
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identitymatrix()
ifft()

integrall()
integral2()
integral3()

integration2()

integration3()

interp1()
interp2()
inverse()
Iem()
lindata()
linrange()
linsolve()
linspace()
llsqcovsolve()
llsqnonnegsolve()
llsgsolve()
logm()
logdata()
logrange()
logspace()

ludecomp()
maxloc()

maxv()

mean()
median()
minloc()

minv()

norm()
nullspace()
oderk()
oderungekutta()
odesolve()
orthonormalbase()
pinverse()
polyder()
polyder2()

odoooooooooo

NOOODOO Fourier OO (FFDHOODOOODOO
100000000000 obOooa
200000000000DO00000DO00D 200000000000
300000000 bO0O0bO000ooDbOo0o 300D00ooOoooag
ooooo
200000000000DO00000DOO00DOO0OO0DOOO0DOOd
0o0oOoobOoobooa

300000000000 000020000000dooooooDD 1100
doodooooa

1000000o0oooo

20000000000

0oodoooonoooooon

00002000000 0000000DO000D00O00O00O0DO
do0oooboooooooboooa

0000 doubled array 00 0O OO O0DOOOOOO
Luoddooooooooooooooon
0000ooooooooooooobooooodd lindata) DO OO0 OO
0000200000000 00000000O000DO000DOO0O00OO
000020 0000000000000O000DOO00DOOOO0DO0OOO
0o020000000000000000
0oodooOoooooooon
0d0o0do0bOooboobooboOoobOoooooooo
000000000 0Ob0b0d doubled array0 000000 OoOogg
do0o0d0bO0ddoodooOo0ooDd0oDooooooDOooooaoon
logdataO) DO 0O OO QOO

O000OnxmOOOLUOODOOOO
00oooboogoooooooo
0o0oO0obOoooooobOooooon
0d00d0bOO0o0bO0o0bDoOooDbOoooOooooOooon
00000bO0o0boooobooooooboooooooon
0o0ooobOooboooobooa
20000000000D0DO00DOO0d
00o00oboooooooboooon

O00nulOOOCOOODOOO
0d000d0obOO0o0obOO0o0oDooooOoooooooOoooon
00000Db0o0oooobooooooDoboooooooooon
00ooobooooooooooon
0do0odoboodoooooao

000 Moore-Penrose 1 0 00O DODOOOOOMO
00ooobooooonoa

200000000000 DO00O0O00DDOOOO
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polyeval() 0o0o00obOOoooooooboooooon
polyevalarray() 0ooodoooooooon
polyevalm() do0ooobooboooooon
polyfit() 0do00odobOO00obDOoooooooOoooooa
product() 00000Db0o0bOooo0bOoOobOoobobOooo 20000000000
oooono
gqrdecomp() 000000000 QrROUODOODOOODO
qrdelete() QRUIODODDOOODOODOOODDOOO
grinsert() QRUIODODDOOODOOODDOOODOD
quadratic() ooodoooooooodon
randint() 0o0ooobooooooooo
rank() 0o0ooobooooonoad
residue() 0o0o0d0ooOOooDoooooooooad
rcondnum() odoooooooooooood
roots() ooodooooboooa
rot90() doooo0onooooon
rsf2csf() OO0 SchurOOOOO0O SchurOOOOOODOOO
specialmatrix() ooodooooboooa
Cauchy Cauchy OO0 OOODOOODO
ChebyshevVandermonde Chebyshev 0 O 0 OO OO Vandermonde D 0 OO0 OOOOODOODO
Chow ChowDOQOOOODOOO
Circul CrculODDOOODOOOO
Clement Cement0O0OOQODOOO0O
DenavitHartenberg Denavit-Hartenberg U DO OO O OO0
DenavitHartenberg?2 Denavit-Hartenberg U DO OO0 O OO0
Dramadah Dramadah OO OO 0OO00OOO
Fiedler FiedlerOO OO OOOOO
Frank Frank OO OO OQO0OOO
Gear GearOOOQODOOOODO
Hadamard Hadamard OO O OO OO OO
Hankel Hankel 00O OOOOOO
Hilbert Hilbert 0D O OO0OOO0O
InverseHilbert O Hilbert 0O O0O0OOOOO
Magic MagicOOOQOQOOOOOQ
Pascal Pascal DO OO OO QOQOO
Rosser Rosser0 O OO OOOONO
Toeplitz ToeplitzOO OO OO OOO
Vandermonde Vandermonde O 0 0 OO0 0O OO
Wilkinson Wilkkinson 0 O 0000000
schurdecomp() SchurOOOOOOOO0O
sign() oooooobooodd
sort() 0o0o0d0obOOoooooooOoooooooon
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sqrtm()

std()

sum()

svd()

trace()
triangularmatrix()
unwrap()

unwrapdeg()
urand()

vertex()
xcorr()

googoobooboobbooo
gbobooooooboooobooboon
ubboobuodgbobobobooboobbooboobbooo
gboooobooon

gbooboobooboobooon
ugbbooobooboooboboooon
rO00000O0O0O0OODO0OD 2«7 000000000000
gbobooooxboboboboboboboboboboo
WBoUOODDOoOoooooog 2«x18000000b0o0obooOog
gboogobooboobboobuoobbooboobon
gboooooooogd

uboooboobooboooooon

10000000 boobooobn

386



110:0000 — <numeric.h> balance

balance

Synopsis

#include <numeric.h>

int balance(array double complex a[&][&], array double complex b[&][&], ...
/* [array double complex d[&][&]] */);

Syntax

balance(a, b); balance(a, b, d);

Purpose

Balances a general matrix to improve accuracy of computed eigenvalues.

Return Value
This function returns O on success and negative value on failure.

Parameters

a Ann x n square matrix to be balanced.
[ An output square matrix which contains the balanced matrix of matrix a.
d An optional output square matrix which contains a diagonal matrix.

Description

This function computes the balance matrix b and diagonal matrix d from input matrix a so thatb = d~!xaxd.
If a is symmetric, then b == a and d is the identity matrix.

In this function, square matrix a could be any supported arithmetic data type. Output b is the same dimension
and data type as input a. If the input a is a real matrix, the optional output d shall only be double data type.
If the input a is a complex matrix, d shall be complex or double complex

Examplel
balance a real general matrix.

#include <numeric.h>

int main () {
int m = 5;
array double a[5][5] = { 1, 10, 100, 1000, 10000,
0.1, i, 10, 100, 1000,
0.01, 0.1, 1, 10, 100,
0.001,0.01, 0.1, 1, 10,
0.0001,0.001,0.01, 0.1, 1};

int status;
array double b[m][m], d[m][m];
status = balance(a, b, d);
if (status == 0) {
printf("a =\n%f\n", a);
printf ("b =\n%f\n", b);
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printf ("d =\n%f\n", d);
printf ("inverse (d) raxd — b =\n%f\n", inverse (d)*axd-b);

}

else
printf ("error: calculation error in balance().\n");

}
Outputl
a =
1.000000 10.000000 100.000000 1000.000000 10000.000000
0.100000 1.000000 10.000000 100.000000 1000.000000
0.010000 0.100000 1.000000 10.000000 100.000000
0.001000 0.010000 0.100000 1.000000 10.000000
0.000100 0.001000 0.010000 0.100000 1.000000
b =
1.000000 1.000000 1.000000 1.000000 1.000000
1.000000 1.000000 1.000000 1.000000 1.000000
1.000000 1.000000 1.000000 1.000000 1.000000
1.000000 1.000000 1.000000 1.000000 1.000000
1.000000 1.000000 1.000000 1.000000 1.000000
d

1000.000000 0.000000 0.000000 0.000000 0.000000
.000000 100.000000 0.000000 0.000000 0.000000
.000000 0.000000 10.000000 0.000000 0.000000
.000000 0.000000 0.000000 1.000000 0.000000
.000000 0.000000 0.000000 0.000000 0.100000

o

o O o

inverse (d) xa*d - b =

0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
-0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
-0.000000 0.000000 0.000000 0.000000 0.000000

Example2
Balance a complex general matrix.

#include <numeric.h>

int main() {
int m = 4;

array double complex af4][4] = { 0, 0, complex(1,1), O,
0, 0, 0, complex(1l,1),

complex (11,1),complex(10,1), O,

complex (10,1),complex(11,1), O,

int status;
array double complex b[m] [m];
array double d[m] [m];
status = balance(a, b, d);
if (status == 0) {
printf ("a =\n%4.2f\n", a);
printf ("b =\n%4.2f\n", b);
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printf("d =\n%4.2f\n",

d);

printf ("inverse (d) xaxd -b =\n%4.2f\n",

}

else

printf ("error:

Output2

a =

complex (0.00,0.

complex (0.00,0.

00)

00)

complex (11.00,1.00)

complex (10.00,1.00)

complex (0.

complex (0.

complex (1.

complex (1.

.10
.00
.00
.00

.00
.10
.00
.00

.00
.00
.00
.00

O O O o O
o O O O
o = O O

inverse (d) xa*d
complex (0.00,0

complex (0.00,0.

complex (0.00,0.

complex (0.00,0.

See Also
eigensystem().

References

00,0.

00,0.

10,0.

00,0.

00)

00)

10)

10)

.00
.00
.00
.00

= O O O

b =
.00)

00)

00)

00)

complex (0.00,0.00)

complex (0.00,0.00)

complex (10.00,1.00)

complex (11.00,1.00)

complex (0.
complex (0.
complex (1.

complex (1.

complex (0.
complex (0.
complex (0.

complex (0.

00,0.

00,0.

00,0.

10,0.

00,0.

00,0.

00,0.

00,0.

00)

00)

10)

10)

00)

00)

00)

00)

inverse (d) xaxd-Db) ;

complex (1.00,1.00)

complex (0.00,0.00)

complex (10.00,10.00)

complex (0.00,0.00)

complex (0.00,0.00)

complex (0.00,0.00)

complex (0.00,0.00)

complex (0.00,0.00)

complex (0.

complex (0.

complex (0.

complex (0.

00,0.

00,0.

00,0.

00,0.

00)

00)

00)

00)

calculation error in balance () .\n");

complex (0.00,0.00)

complex (1.00,1.00)

complex (0.00,0.00)

complex (0.00,0.00)

complex (0.00,0.00)

complex (10.00,10.00)

complex (0.00,0.00)

complex (0.00,0.00)

complex (0.

complex (0.

complex (0.

complex (0.

00,0.

00,0.

00,0.

00,0.

00)

00)

00)

00)

balance

E. Anderson, et al, LAPACK Users’ Guide, Society for Industrial and Applied Mathematics, Philadelphia,

1992.
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ccompanionmatrix

Synopsis
#include <numeric.h>
array double complex ccompanionmatrix(array double complex v[&])[:][:];

Purpose
Find companion matrix with complex number.

Return Value
This function returns the complex companion matrix.

Parameters

v Input array containing the complex coefficients of a polynomial.

Description

This function returns the corresponding complex companion matrix of the complex array v which contains
the coefficients of a polynomial. The eigenvalues of companion matrix are roots of the polynomial.
Example

#include <numeric.h>

int main() {
array double complex v[4] = {complex(1,2),3,4,5}; /+ (1+i2)x"3 + 3x"2 + 4x + 5 =/
int n = 4;

array double complex al[n-1][n-1];

a = ccompanionmatrix(v);
printf ("ccompanionmatrix (a) =\n%f\n", a);

Output

ccompanionmatrix (a) =
complex (-0.600000,1.200000) complex(-0.800000,1.600000) complex(-1.000000,2.000000)

complex (1.000000,0.000000) complex(0.000000,0.000000) complex(0.000000,0.000000)

complex (0.000000,0.000000) complex(1.000000,0.000000) complex(0.000000,0.000000)

See Also
companionmatrix(), roots(), eigensystem(), polycoef().

References
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cdeterminant

cdeterminant

Synopsis

#include <numeric.h>

double complex cdeterminant(array double complex a[&][&]);

Purpose

Calculate the determinant of a complex matrix.

Return Value

This function returns the determinant of the complex matrix a.

Parameters

a The input complex matrix.

Description

The function cdeterminant() returns the determinant of complex matrix a. If the input matrix is not a square

matrix, the function will return NaN.

Example

Calculate the determinant of complex matrices with different data type.

#include <numeric.h>

int main() {
array double complex al[2][2] = {complex(1l,2),
3, 7};
/* a2 is an ill-detition matrix =«/

}

array double az2[2][2] = {2, 4,
.001, 4.0001};

2
/+ a3 1is singular =/
array double a3[2][2] = {2, 4,
4, 8};
array complex b[2][2] = {2, 4,
3, 7};
array double c[3][3] = {-1,5,¢6,
3,-6,1,
6,8, 9}
double complex det;
det = cdeterminant (a);
printf ("cdeterminant (a) = %g\n",
det = cdeterminant (a2);
printf ("cdeterminant (a2) = %$g\n",
det = cdeterminant (a3);
printf ("cdeterminant (a3) = %g\n",
det = cdeterminant (b);
printf ("cdeterminant (b) = %g\n",
det = cdeterminant (c);
printf ("cdeterminant (c) = %g\n",

Output

; /x n-by-n matrix =*/

det) ;

det)

det)

det) ;

det) ;

’

7
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cdeterminant (a) = complex (-5,14)
cdeterminant (a2) = complex(-0.0038,-0)
cdeterminant (a3) = complex (-0,-0)
cdeterminant (b) = complex (-2,0)
cdeterminant (c) = complex(317,-0)

See Also

determinant(), inverse(), diagonal(), ludecomp(), rcondnum().
References

E. Anderson, et al, LAPACK Users’ Guide, Society for Industrial and Applied Mathematics, Philadelphia,
1992.
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cdiagonal

Synopsis
#include <numeric.h>
array double complex cdiagonal(array double complex a[&][&],... /* [int k] */)[:];

Syntax
cdiagonal(a);
cdiagonal(q, k);

Purpose
Form a vector with diagonals of a complex matrix.

Return Value
This function returns a column vector formed from the elements of the kth diagonal of the complex matrix

a.

Parameters

a An input complex matrix.
k An input integer indicating which element the vector is formed from.

Description
The function cdiagonal() produces a row vector formed from the elements of kth diagonal of the complex

matrix a.

Examplel

#include <numeric.h>
int main() {
array double complex a[3][3] = {complex(l,2), 2, 3,
4, 5, 6,
7, 8, 9};
int n =3, k = 1;
array double complex d[n], d2[n-(abs(k))];

d = cdiagonal (a);
printf ("cdiagonal (a) = %0.2f\n", d);

d2 = cdiagonal (a, k);

printf ("cdiagonal(a, 1) = %0.2f\n", d2);
k = -1;
d2 = cdiagonal (a, k);
printf ("cdiagonal (a, -1) = %0.2f\n", d2);
}
Outputl
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cdiagonal (a) = complex(1.00,2.00) complex(5.00,0.00) complex(9.00,0.00)

cdiagonal(a, 1) = complex(2.00,0.00) complex(6.00,0.00)
cdiagonal(a, -1) = complex(4.00,0.00) complex(8.00,0.00)
Example2

#include <numeric.h>
int main() {

array double complex af[4][3] = ({complex(1,2), 2, 3,
4, 5, 6,
7, 8, 9,
4, 4, 4};

int m=4, n = 3, kl =1, k2 = -1;

array double complex d[min(m, n)];
array double complex dl[min(m, n-k1)];
array double complex d2[min (m+k2, n)];

d = cdiagonal (a);
printf ("cdiagonal (a) = %$0.2f\n", d);

dl = cdiagonal (a, k1);
printf ("cdiagonal(a, 1) = %0.2f\n", dl);

d2 = cdiagonal (a, k2);
printf ("cdiagonal (a, -1) = %0.2f\n", d2);
}

Output2

cdiagonal (a) = complex(1.00,2.00) complex(5.00,0.00) complex(9.00,0.00)

cdiagonal(a, 1) = complex(2.00,0.00) complex(6.00,0.00)
cdiagonal(a, -1) = complex(4.00,0.00) complex(8.00,0.00) complex(4.00,0.00)
Example3

#include <numeric.h>
int main () {

array double complex a[3][4] = {complex(1,2), 2, 3, 4,
5, 6, 7, 8,
9, 4, 4, 4};

int m=3, n =4, k1 =1, k2 = -1;

array double complex d[min(m, n)];
array double complex dl[min(m, n-k1)];
array double complex d2[min(m+k2, n)];

d = cdiagonal (a);
printf ("cdiagonal (a) = %$0.2f\n", d);

dl = cdiagonal (a, k1);
printf ("cdiagonal (a, 1) = %0.2f\n", dl);

d2 = cdiagonal (a, k2);
printf ("cdiagonal (a, -1) = %0.2f\n", d2);
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Output3

cdiagonal (a) = complex(1.00,2.00) complex(6.00,0.00) complex(4.00,0.00)

cdiagonal(a, 1) = complex(2.00,0.00) complex(7.00,0.00) complex(4.00,0.00)
cdiagonal(a, -1) = complex(5.00,0.00) complex(4.00,0.00)
See Also

diagonal(), cdiagonalmatrix().

References
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cdiagonalmatrix

Synopsis
#include <numeric.h>
array double complex cdiagonalmatrix(array double complex v[&].... /* [int k] */)[:][:];

Syntax
cdiagonalmatrix(v)
cdiagonalmatrix(v, k)

Purpose
Form a complex diagonal matrix.

Return Value
This function returns a complex square matrix with specified diagonal elements.

Parameters

v An input complex vector.
k An input integer indicating specified diagonal elements of the matrix.

Description

The function cdiagonalmatrix() returns a complex square matrix of order n + abs(k) , with the elements
of v on the the kth diagonal. £ = 0 represents the main diagonal, £ > 0 above the main diagonal, and k£ < 0
below the main diagonal.

Example

#include <numeric.h>

int main() {
array double complex v[3] = {1,2,3};
int n = 3, k;
array double complex aln][n];

a = cdiagonalmatrix(v);
printf ("cdiagonal matrix a =\n%f\n", a);

k = 0;

a = cdiagonalmatrix(v,k);

printf ("cdiagonalmatrix(a, 0) =\n%f\n", a);

k =1;

array double a2[nt+abs (k)] [n+tabs(k)];

a2 = cdiagonalmatrix(v,k);

printf ("cdiagonalmatrix (a2, 1) =\n%$f\n", a2);
k = -1;

array double a3[n+abs (k)] [n+abs(k)];

a3 = cdiagonalmatrix(v,k);
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printf ("cdiagonalmatrix (a3, -1) =\n%f\n", a3);

Output

cdiagonal matrix a =
complex (1.000000,0.000000) complex(0.000000,0.000000) complex(0.000000,0.000000)

complex (0.000000,0.000000) complex(2.000000,0.000000) complex(0.000000,0.000000)
complex (0.000000,0.000000) complex(0.000000,0.000000) complex(3.000000,0.000000)
cdiagonalmatrix(a, 0) =

complex (1.000000,0.000000) complex(0.000000,0.000000) complex(0.000000,0.000000)
complex (0.000000,0.000000) complex(2.000000,0.000000) complex(0.000000,0.000000)

complex (0.000000,0.000000) complex(0.000000,0.000000) complex(3.000000,0.000000)

cdiagonalmatrix (a2, 1) =

0.000000 1.000000 0.000000 0.000000
0.000000 0.000000 2.000000 0.000000
0.000000 0.000000 0.000000 3.000000
0.000000 0.000000 0.000000 0.000000
cdiagonalmatrix (a3, -1) =

0.000000 0.000000 0.000000 0.000000
1.000000 0.000000 0.000000 0.000000
0.000000 2.000000 0.000000 0.000000
0.000000 0.000000 3.000000 0.000000
See Also

diagonalmatrix(), diagonal().

References
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cfevalarray

Synopsis

#include <numeric.h>

int cfevalarray(array double &y, double complex (*func)(double complex x), array double &z, ...
/* [array int &mask, double complex value] */);

Syntax
cfevalarray(y, func, x)
cfevalarray(y, func, x, mask, value)

Purpose
Complex array function evaluation.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

y A complex output array which contains calculated function values.
x A complex input array at which the function values will be evaluated.
func A function routine given by the user.

mask Aninput array of integer. An entry with 1 indicates the corresponding function value will be evaluated,
and an entry with O indicates that its output value is given by argument value.

value The default complex value which is used to replace the function value when the entry of mask is 0.

Description

This function evaluates the value of a user given function corresponding to the input array x. The input
array can be of any data type and any dimension. The given function prototype shall be double complex
func(double complex ).

Example
Evaluation of function f(x) = 22 for complex array of different dimensions.

#include <numeric.h>
#define N 2
#define M 3

double complex func (double complex x) {
return x*x;

}

int main() {

array float complex y2[N][M], x2[N][M]; /* diff data types, diff dim =*/
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array int mask1[N][M] = {1, 0, 1, O, 1, 1};

linspace (x2, 1, N=xM);
x2[1][2]=complex (2, 3);
cfevalarray(y2, func, x2);
printf ("y2 = %5.2f\n", y2);

cfevalarray(y2, func, x2, maskl, -1);
printf ("y2 = %5.2f\n", y2);
}

Output

y2 = complex( 1.00, 0.00) complex( 4.00, 0.00) complex( 9.00, 0.00)
complex (16.00, 0.00) complex(25.00, 0.00) complex(-5.00,12.00)

y2 = complex( 1.00, 0.00) complex(-1.00, 0.00) complex( 9.00, 0.00)
complex (-1.00, 0.00) complex(25.00, 0.00) complex(-5.00,12.00)

See Also
fevalarray().
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cfunm

Synopsis

#include <numeric.h>

int cfunm(array double complex y/ &/ &/, double complex (*func)(double complex ),
array double complex x/ & ]/ &]);

Syntax
cfunm(y, func, x)

Purpose
Evaluate general complex matrix function.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

x Input square matrix. It contains data to be evaluated.
func A function routine given by the user.
y Output square matrix which contains data of the calculated function values.

Description

This function evaluates the complex matrix version of the function specified by the parameter func. In this
function, The input matrix x shall be double complex data type and the specified function prototype shall
be double complex func(double complex ). The output matrix y could be a real or complex data type as
required.

Example
A complex matrix evaluation.

#include <numeric.h>
double complex mylog(double complex x) {
return log(x);

}

int main() |
array double complex zx[3][3]={complex(l,1),complex(2,2),0,
3,complex (4,1),complex(2,5),
0,0,0};

array double complex zy[3][3];

expm(zy, zx) ;
printf ("zx = \n%5.1f", zx);
printf("zy = \n%5.1f",zy);
cfunm(zx,mylog, zy) ;
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printf("zx =

}

Output

ZX =

complex( 1.0,
complex( 3.0,
complex( 0.0,
zy =

complex (—-44.9,

complex (-12.5,118.

complex( 0.0,
ZX =

complex( 1.0,
complex( 3.0,
complex ( 0.0,
See Also

1ET, zx)

complex ( 2.
complex( 4.
complex( O.

complex (-87.
complex (=57.
complex( O.

complex ( 2.
complex ( 4.
complex( O.

0, 2
0, 1
0, O
5, 70
4,175
0, O
0,

0, 1
0, O

cfunm(), expm(), logm(), funm(), sqrtm().

References

complex( 0.0,
complex( 2.0,
complex( 0.0,

complex (-101.5,-18.9)

complex (-155.5,

complex( 1.0,
complex( 0.0,
complex( 2.0,
complex( 0.0,

67.8)
0.0)

cfunm

G. H. Golub, C. F. Van Loan, Matrix Computations Third edition, The Johns Hopkins University Press,

1996
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charpolycoef

Synopsis
#include <numeric.h>
int charpolycoef(array double complex p[&], array double complex a[&][&]);

Purpose
Calculates the coefficients of characteristic polynomial of a matrix.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

p An output array which contains the calculated coefficients of the characteristic polynomial of a matrix.
a An input square matrix.

Description

This function calculates the coefficients of the characteristic polynomial of matrix A which is defined as
det(xI — A). The coefficients are in the order of descending powers. The polynomial it represents is
Pox™ + .. + Pp—1T + Pn.

Example

This example calculates the polynomial coefficients for three different matrices al, a2 and a3. al is sym-
metrical with real eigenvalues, a2 is non-symmetrical with real eigenvalues, a3 is non-symmetrical with
complex eigenvalues, and a4 is a complex matrix.

#include <numeric.h>
int main() {
/* eigenvalues of a symmtrical matrix are always real numbers =/
array double al[3][3] = {0.8, 0.2, 0.1,
0.2, 0.7, 0.3,
0.1, 0.3, 0.6};
/* eigenvalues of a non-symmtrical matrix can be either real numbers or
complex numbers =/
/* this non-symmtrical matrix has real eigenvalues */
array double a2[3][3] = {0.8, 0.2, 0.1,
0.1, 0.7, 0.3,
0.1, 0.1, 0.6};
/* this non-symmtrical matrix has complex eigenvalues =/

array double a3[3][3] = {3, 9, 23,
2, 2, 1,
-7, 1, -9};
array double complex a4([2][2] = {complex(1l,2), 4,
3, 7};

array double charpolynomial[4];
array double complex zcharpolynomial[4];
array double complex zcharpolynomial2[3];
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charpolycoef (charpolynomial, al);
printf ("charpolynomial from charpolycoef (al) =\n%f\n", charpolynomial);

charpolycoef (charpolynomial, aZ2);
printf ("charpolynomial from charpolycoef (a2) =\n%f\n", charpolynomial);

charpolycoef (charpolynomial, a3);
printf ("charpolynomial from charpolycoef (a3) =\n%f\n", charpolynomial);

charpolycoef (zcharpolynomial, a3);
printf ("zcharpolynomial from charpolycoef (zcharpolynomial, a3) =\n%f\n",
zcharpolynomial) ;

charpolycoef (zcharpolynomial2, a4);
printf ("zcharpolynomial2 from charpolycoef (zcharpolynomial2, a4) =\n%f\n",
zcharpolynomial2) ;

}
Output

charpolynomial from charpolycoef (al) =
1.000000 -2.100000 1.320000 -0.245000

charpolynomial from charpolycoef (a2) =
1.000000 -2.100000 1.400000 -0.300000

charpolynomial from charpolycoef (a3) =
1.000000 4.000000 103.000000 —-410.000000

zcharpolynomial from charpolycoef (zcharpolynomial, a3) =
complex (1.000000,0.000000) complex(4.000000,0.000000) complex(103.000000,0.000000)
complex (-410.000000,0.000000)

zcharpolynomial2 from charpolycoef (zcharpolynomial2, a4) =
complex (1.000000,0.000000) complex(-8.000000,-2.000000) complex(-5.000000,14.000000)

See Also

roots(), polycoef().

References
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choldecomp

Synopsis

#include <numeric.h>

int choldecomp(array double complex a[&][&], array double complex /[&][&], ...
/* [char mode] */);

Syntax

choldecomp(a, [); choldecomp(a, I, "mode”);

Purpose

Computes the Cholesky factorization of a symmetric ,positive ,definite matrix A.

Return Value
This function returns 0 on success, a negative value on failure, and positive value ¢ indicates that the leading
minor of order ¢ is not positive definite and the factorization could not be completed.

Parameters

a A symmetric positive definite two-dimensional matrix.
[ A two-dimensional output matrix which contains the upper or lower triangle of the symmetric matrix a.

mode The it mode specifies the calculation of upper or lower triangle matrix.
L’ or ’I’- lower triangle is calculated.
otherwise the upper triangle matrix is calculated. By default, the upper triangle matrix is calculated.

Description

This function computes Cholesky factorization of a symmetric positive definite matrix A. Cholesky de-
composition factors a symmetric positive definite matrix into two matrices. For a symmetric positive finite
matrix A of real type, Cholesky decomposition can produce matrix L so that

A=L"L
for upper trangle factorization or
A=L1L"

for lower triangle factorization. where L7 is the transpose of matrix L. For a symmetric positive finite

matrix A of complex type, instead of L7, the Hermitian L of matrix L shall be used.
Examplel
Cholesky factorization of a real matrix.

#include <numeric.h>

int main() {
int m = 5;
array double a[5]1[5] = {1, 1, 1, 1, 1,
1, 2, 3, 4, 5,
1, 3, 6,10,15,
1, 4, 10,20, 35,
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1, 5, 15,35,70};
array double al[5]([5] = { -1, 1, 1, 1, 1,
1, 2, 3, 4, 5,
1, 3, 6,10,15,
1, 4, 10,20,35,
1, 5, 15,35,70};
int status;
array double 1[m] [m];
status = choldecomp(a, 1);
if (status == 0) {
printf ("upper triangle 1 =\n%f\n", 1);
printf ("transpose (l)*x1 - a =\n%f\n",

}

else

choldecomp

transpose (1) *x1-a);

printf ("error: Matrix must be positive definite.\n"

"The %d order of matrix is not positive definite.

status =
if

choldecomp (a,
(status == 0) {

printf ("lower triangle 1 =\n%f\n",
printf ("lxtranspose (1)

}

1,

else

printf ("error:

"The

status = choldecomp(al, 1);
if (status == 0) {

printf ("1 =\n%f\n", 1);
}
else {

printf ("a =\n%f", al);

printf ("error:
"The

Outputl

upper triangle 1 =

1.000000 1.000000 1.000000 1
0.000000 1.000000 2.000000 3
0.000000 0.000000 1.000000 3
0.000000 0.000000 0.000000 1
0.000000 0.000000 0.000000 O
transpose(l)*x1l - a =
0.000000 0.000000 0.000000 O
0.000000 0.000000 0.000000 O
0.000000 0.000000 0.000000 O
0.000000 0.000000 0.000000 O
0.000000 0.000000 0.000000 O
lower triangle 1 =

1.000000 0.000000 0.000000 O
1.000000 1.000000 0.000000 O
1.000000 2.000000 1.000000 O
1.000000 3.000000 3.000000 1

.000000
.000000
.000000
.000000
.000000

.000000
.000000
.000000
.000000
.000000

.000000
.000000
.000000
.000000

17);

- a =\n%f\n",

O O O O O = s oy

o O O o

1);

Matrix must be positive
%d order of matrix is not

Matrix must be positive
%d order of matrix is not

.000000
.000000
.000000
.000000
.000000

.000000
.000000
.000000
.000000
.000000

.000000
.000000
.000000
.000000
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1.000000 4.000000 6.000000 4.000000 1.000000

lxtranspose(l) - a =

0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
a =

-1.000000 1.000000 1.000000 1.000000 1.000000
1.000000 2.000000 3.000000 4.000000 5.000000
1.000000 3.000000 6.000000 10.000000 15.000000
1.000000 4.000000 10.000000 20.000000 35.000000
1.000000 5.000000 15.000000 35.000000 70.000000
error: Matrix must be positive definite.

The 1 order of matrix is not positive definite.

Example2
Cholesky factorization of a complex matrix.

#include <numeric.h>

int main() |
int m = 3;
array double complex al[3][3] =
{ complex(2,0), complex(0,-1), complex(0,0),
complex (0,1), complex(2,0), complex(0,0),
complex (0,0), complex(0,0), complex(3,0)};

int status;
array double complex 1[m] [m];

status = choldecomp(a, 1);
if (status == 0) {
printf ("upper triangle 1 =\n%5.3f\n", 1);
printf ("transpose(l)*1 - a =\n%5.3f\n", conj(transpose(l))x*l-a);
}
else

printf ("error: Matrix must be positive definite.\n"

choldecomp

"The %d order of matrix is not positive definite.\n", status);

status = choldecomp(a, 1, "1");
if (status == 0) {
printf ("lower triangle 1 =\n%5.3f\n", 1);

printf ("lxtranspose(l) - a =\n%5.3f\n", lxconj(transpose(l))-a);

}
else
printf ("error: Matrix must be positive definite.\n"

"The %d order of matrix is not positive definite.\n", status);

Output2

upper triangle 1 =

complex(1.414,0.000) complex(0.000,-0.707) complex(0.000,0.000)
complex (0.000,0.000) complex(1.225,0.000) complex(0.000,0.000)
complex (0.000,0.000) complex(0.000,0.000) complex(1.732,0.000)
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transpose(l) 1l - a
complex (0.000,0.000

complex (0.000,0.000

lower triangle 1 =

complex (1.414,0.000) complex(0.000,0.000)
complex (0.000,0.707) complex(1.225,0.000)
complex (0.000,0.000) complex(0.000,0.000)

lxtranspose(l) - a
complex (0.000,0.00

complex (0.000,0.00

References

) complex (0.000,0.000)
complex (0.000,0.000) complex(-0.000,0.000)
) complex (0.000,0.000)

0) complex (0.000,0.000)
complex (0.000,0.000) complex(-0.000,0.000)
0) complex (0.000,0.000)

complex (0.000,0.000)
complex (0.000,0.000)
complex (-0.000,0.000)

complex (0.000,0.000)
complex (0.000,0.000)
complex (1.732,0.000)

complex (0.000,0.000)
complex (0.000,0.000)
complex (-0.000,0.000)

choldecomp

E. Anderson, et al, LAPACK Users’ Guide, Society for Industrial and Applied Mathematics, Philadelphia,

1992.
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cinverse

cinverse

Synopsis
#include <numeric.h>

array double complex cinverse(array double complex a[:][:], ... /* [int *status] */)[:][:];

Syntax
cinverse(a)
cinverse(a, status)

Purpose
Calculate the inverse of a complex square matrix.

Return Value
This function returns the inverse matrix.

Parameters
a Input square matrix of double complex type.
status Output integer indicating the status of calculation.

Description

This function calculates the inverse matrix of a complex square matrix. If calculation is successful,status =

0, otherwise status # 0.

Example

#include <numeric.h>

int main() {

array double complex al[2][2] = {complex(2,-3),
3/

array double complex inv[2][2];

int status;

inv = cinverse(a);

printf ("cinverse (a) =\n%f\n", inv);

printf ("a =\n%f\n", a);

printf ("cinverse (a) xa =\n%$f\n", invx*a);

printf ("axcinverse (a) =\n%f\n", axinv);

inv = cinverse(a, &status);

if (status == 0)

printf ("cinverse (a, &status) = %f\n", inv);
else

4,
7};

// n-by-n matrix

printf ("error: numerical error in cinverse()\n");

Output
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cinverse (a) =
complex (0.031461,0.330337) complex(-0.017978,-0.188764)
complex (-0.013483,-0.141573) complex(0.150562,0.080899)

a =
complex (2.000000,-3.000000) complex(4.000000,0.000000)
complex (3.000000,0.000000) complex(7.000000,0.000000)

cinverse (a) xa =
complex (1.000000,-0.000000) complex(0.000000,0.000000)
complex (-0.000000,-0.000000) complex(1.000000,0.000000)

a*xcinverse (a) =
complex (1.000000,-0.000000) complex(0.000000,0.000000)
complex (0.000000,-0.000000) complex(1.000000,0.000000)

cinverse(a, &status) = complex (0.031461,0.330337) complex(-0.017978,-0.188764)
complex (-0.013483,-0.141573) complex(0.150562,0.080899)

See Also
inverse(), ludecomp(), clinsolve().

References

E. Anderson, et al, LAPACK Users’ Guide, Society for Industrial and Applied Mathematics, Philadephia,
1992.
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clinsolve

Synopsis
#include <numeric.h>
int clinsolve(array double complex x[:], array double complex a[:][:], array double complex b[:]);

Purpose
Solve the linear system of equations by LU decomposition.

Return Value
This function returns O on success and -1 on failure.

Parameters

x Output array which contains the solution of equations.
a Input two-dimensional array contains the coefficients of a linear system of equations.
b Input one-dimensional array for linear equations.

Description

This function solves the system of complex linear equations by LU decomposition. The input matrix a
should be n-by-n. The function can handle the equation set with complex numbers. The function returns 0
if there is a solution for the equation set, otherwise it returns -1.

Algorithm
This function uses the subroutines zgesv() from LAPACK. It calculates the solution to a real/complex system
of linear equations a * X = b, where a is an n-by-n matrix. The LU decomposition with partial pivoting
and row interchanges is used to factor @ as a = P * L x U, where P is a permutation matrix, L is unit lower
triangular, and U is upper triangular. The factored form of a is then used to solve the system of equation
axX =b.

Example
Solution of a linear system of equations with complex coefficients.

#include <numeric.h>
int main() {

array double complex a[3][3] = {complex(3,4), 0, 6,
0, 2, 1,
1, 0, 1};
array double complex b[3] = {2,
13,
25};
array double complex x[3];
int status;
clinsolve (x, a, b);
printf ("linsolve(x, a,b) =\n%f\n", x);
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status = clinsolve(x, a, b);
if (status == 0)
printf ("clinsolve (x,a,b) =\n%f\n", x);
else
printf ("error: numerical error in clinsolve ()\n");

}
Output

linsolve(x, a,b) =
complex (17.760000,23.680000) complex(2.880000,11.840000) complex(7.240000,-23.680000)

clinsolve (x,a,b) =
complex (17.760000,23.680000) complex(2.880000,11.840000) complex(7.240000,-23.680000)

See Also
llsqsolve(), linsolve(), inverse().
References

E. Anderson, et al, LAPACK Users’ Guide, Society for Industrial and Applied Mathematics, Philadelphia,
1992.
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cmean

Synopsis
#include <numeric.h>
double complex cmean(array double complex &a, ... /*[array double complex v/ &[] */);

Syntax
cmean(a)
cmean(a, v)

Purpose
Calculate the mean value of all elements of an array of complex type and mean values of the elements of
each row of a two-dimensional array of complex type.

Return Value
This function returns the mean value of all the elements of complex type.

Parameters

a An input array of any dimension.

v An output array which contains the mean values of each row of a two-dimensional array of complex type.
v shall be an array of double complex type.

Description

This function calculates the complex mean value of all elements in an array of any dimension. If the array is
a two-dimensional matrix, the function can calculate complex mean values of each row. The complex mean
values of each row are passed out by argument v.

Example
Calculate the mean values of all elements of arrays of complex type with different dimensions. The mean
values of each row are passed by argument v.

#include <numeric.h>
#define N 2
#define M 3

int main() {
complex al[3] = {1,2,complex(3.435,6.35765) };
double complex c[2][3][5];
c[0]1[0]1[0] = complex(53.327,92.5310);
c[0][0][1] = 20;
complex al[N][M] = {1,complex(3.54,54.43),3,
4,5,complex (3.455,466) };
array double complex bl[3][4] = {1,2,3,complex(4,64.54),

complex(5,6.45),6,7,8,
1,complex(4.35,54.43),3,4};
array double complex meanal [N], meanbl[3];
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double complex meanval;

meanval = cmean(a);
printf ("mean(a) = %$f\n", meanval);
meanval = cmean (c);
printf ("mean(c) = $f\n", meanval);

/+ Note: second argument of cmean () must be double complex data type =/

meanval = cmean (al, meanal);
printf ("meanval = mean(al, meanal) = %$f\n", meanval);
printf ("mean (al, meanal) = %$f\n", meanal);
meanval = cmean (bl, meanbl);
printf ("meanval = mean (bl, meanbl) = $f\n", meanval);
printf ("mean (bl, meanbl) = %0.2f\n", meanbl);

}

Output

mean (a) = complex(2.145000,2.119217)

mean (c) = complex(2.444233,3.084367)

meanval = mean(al, meanal) = complex(3.332500,86.738333)

mean (al, meanal) = complex(2.513333,18.143333) complex(4.151667,155.333333)

meanval = mean (bl, meanbl) = complex(4.029167,10.451667)
mean (bl, meanbl) = complex(2.50,16.14) complex(6.50,1.61) complex(3.09,13.61)

See Also
mean().
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combination

Synopsis
#include <numeric.h>
unsigned long long combination(unsigned int », unsigned int k);

Purpose
Calculate the number of combinations of n different things taken k at a time without repetitions.

Return Value
This function returns the number of combinations.

Parameters

n The number of different things.
k The number of items taken from »n different things.

Description

This function calculates the number of combination of n different things taken k at a time without repetitions.
The number of combination is the number of sets that can be made up from »n things, each set containing k
different things and no two sets containing exactly the same k things.

Algorithm
The number of combination of n different things taken k at a time without repetitions is defined as

n!
Cp = —n
P n = k)E!
Example
#include <numeric.h>
int main() {
unsigned long long f;
f = combination (3, 2);
printf ("combination (3, 2) = %1llu\n", combination (3, 2));
}
Output
combination (3, 2) = 3
See Also
factorial().
References
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companionmatrix

Synopsis
#include <numeric.h>
array double companionmatrix(array double v[&])[:][:];

Purpose
Find a companion matrix.

Return Value
This function returns a companion matrix.

Parameters

v Input array containing the coefficients of a polynomial.

Description

This function returns the corresponding companion matrix of array v which contains the coefficients of a
polynomial. The eigenvalues of companion matrix are roots of the polynomial.

Example

#include <numeric.h>

int main() {
array double v[4] = {2,3,4,5}; /* 2x"3 + 3x"2 + 4x + 5 «/
int n = 4;

array double a[n-1][n-1];

a = companionmatrix(v);

printf ("companionmatrix(a) =\n%f\n", a);
}
Output

companionmatrix(a) =
-1.500000 -2.000000 -2.500000
1.000000 0.000000 0.000000
0.000000 1.000000 0.000000

See Also
ccompanionmatrix(), eigensystem(), polycoef().

References
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complexsolve

Synopsis

#include <numeric.h>

int complexsolve(int n/, int n2, double phi_or_ri, double phi_or_r2, double complex z3,
double &xxI, double &xx2, double &xx3, double &xx4);

Purpose
Solve a complex equation in the polar format.

Return Value
This function returns the number of solutions with 0, 1, or 2.

Parameters
nl The first position of the two unknowns on the left hand side of equation(1). It’s value can be 1, 2, 3, or
4.

n2 The second position of the two unknowns on the left hand side of equation(1). It’s value can be 1, 2, 3,
or4.

phi_or_rl The value of the first known on the left hand side.

phi_or_r2 The value of the second known on the left hand side.

z3 Complex number on the right hand side.

xxI First unknown on the left hand side.

xx2 Second unknown on the left hand side.

xx3 First unknown on the left hand side for the second solution, if there are more than one set of solution.
xx4 Second unknown on the left hand side for the second solution, if there are more than one set of solution.

Description
This function is used to solve a complex equation in polar format. The equation is in the form of

R1e™' + Roe'? = x4 + iy3 (11.1)

Because it is a complex equation that can be partitioned into real and imaginary parts, two unknowns out of
four parameters R1, ¢1, R, and ¢ can be solved in this equation. The parameters R, ¢1, Ro, and ¢ are
in positions 1, 2, 3, and 4, respectively.

Algorithm
Two unknowns can be solved by decomposing equation (ILI) into real and imaginary parts

Ry cos ¢1 + Rocos pa = x3 (11.2)
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R sin¢; + Rosin ¢o = y3

complexsolve

(11.3)

Case 1: n; = 1,n9 = 2, Solve for Ry and ¢4, given Ra, ¢2, R3, ¢3 or Ro, ¢2, x3, y3. Where, ny and no

are the first and second positions of two unknowns on the left hand side of equation (ILIJ), respectively.

From equations (I1.2)) and equations (I1.3)), we get
Ricos¢py =x3 — Rocosgo = a

Rlsin¢1 = Y3 —R251n¢2 =b

R; and ¢; can be calculated as

Ry = Va%+ b2

¢1 = atan2(b,a)

Case 2: n; = 1,n9 = 3, Given ¢ and ¢o, R and R, are solved.

Multiplying equation (IT.I) by e~*%? and e %! gives
Ryei@1-92) 4+ R, — Rgei(¢>3*¢>2)
Ry + R2€i(¢2—¢>1) — Rgei(%—(ﬁl)
Imaginary parts of equations (I1.8) and equation (I1.9) are
Rysin(¢1 — ¢2) = R3sin(¢3 — ¢2)

Rysin(¢s — ¢1) = Rysin(¢s — ¢1)
From equation (I1.10) and equation (IT.11)) we get

Ry = Rs sin(¢3 — ¢>2)
sin(¢1 — ¢2)
sin(¢3 — ¢1)

fio = M3 sin(¢2 — ¢1)

Case 3: n; = 1,n9 = 4, Given ¢ and Ro, Ry and ¢» are solved.

From equation (I1.2) we have
r3 — R2 COS gf)g

cos ¢1
substitute equation (I1.14) into equation (IT.3)) we get

R =

(x3 — Rg cos ¢2) sin ¢ + Rg sin ¢ cos ¢ = y3 cos ¢y
equation (L1.15)) can be simplified as

. cos @1 — x3sin
sin(gp — 1) = 23 ¢1R2 ssingy _
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then
¢2 = ¢1 +sin"!(a)g2 = ¢1 + 7 —sin"!(a) (11.17)

If cos ¢y is larger than machine epsilon,e, R; can be obtained using equation (IT.14). Otherwise R; will be
obtained using equation (I1.3))

if (| cos ¢1)| > FLT_EPSILON
(x3 — Rg cos ¢2)

R 11.18
1 008 b1 ( )
else Ry si
Ry — (y3 — : 2 5in ¢2) (11.19)
sin ¢
Case 4: n; = 2,n9 = 4, given Ry and Ry, ¢1 and ¢4 in equation (IT.I) can be solved.
From equation (L)), we get
— R — Ry si
cosy = T T2eoser o Y5 = Hasingy (11.20)
R1 Rl

Substituting these results into the identity equation sin? ¢; + cos®> ¢, = 1 and simplifying the resultant

equation, we get

23+ y3 + R3 — R}
2Ry

from equation (IL.21)), we can derive the formulas for ¢1 and ¢- as follows:

Y3 Sin ¢ + x3 cosS P2 = (11.21)

Y

IX3%+ Y37

Y3

X3 X

€3 Y3

Y3 .
tan(y) = ==, cos(¢)) = ———,sin(y)) = ———
s Vo3 + 3 Vo3 + 3
Equation (L1.21)) becomes,

2 2 2 p2
cos(¢g) = BIY T 1t~ M (11.22)

€3
wx%%—y% 2R2\/SL‘§+Z/§

a = sin(v) sin(¢2) + cos()) cos(p2)

Y3

Va3 +y3

sin(¢g2) +

Let,

2, .2 2 p2
P Tl Bl Bl (11.23)

2R2\/$% + y§
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Becomes,

cos(p2 — ) =a
o2 P+ Cosfl(a)
a3 +y3 + R3 — R}

2]%2\/%% +—y§

= atan2(ys, r3) + acos

¢1 can be obtained using equation (11.20)

¢1 = atan2(sin ¢, cos ¢1)

or use identity equation,

N cos(¢) - tan [ sm( )
tan( 2) ~ sin(e) or t (2> 1 + cos(9)
— otan-! 1 — cos(9) b= 2tan— sin(¢)
¢ =2t ( sin(¢) Joré =2t (1—|—cos(q5)

Case 5: n; = 2,n9 = 3, given R; and ¢9, ¢1 and Ry are solved. This case is similar to Case 3.

Case 6: ny = 3,no = 4, given R; and ¢, Ry and ¢ are solved. This case is similar to case 1.

Example 1
A complex equation
Rleid)l + Rgei@ =1+4+12

is solved for the 6 cases described above.

#include <numeric.h>
#include <complex.h>

int main() |
double x1, x2, x3, x4;
int nl, n2, num;
double phi_or_rl, phi_or_r2;
complex z3, error;

phi_or_rl = 3;
phi_or_r2 = 4;

z3 = complex(1l,2);

[ xKkxkxkxkxkxkx test nl = 1, n2 = 2 kok Kok Kok kkKkk/

nl =1,

n2 = 2;

num = complexsolve(nl, n2, phi_or_rl, phi_or_r2, z3, x1, x2, x3, x4);
error = polar(xl, x2) + polar(phi_or_rl, phi_or_r2) - z3;

printf ("For nl=1, n2=2, num = %d\n", num);
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printf ("For nl=1, n2=2,
printf ("the residual error is %f \n", error);

/xkxkxkxkxkxkx test nl =

nl =1,
n2 = 3;

num = complexsolve(nl, n
printf ("For nl=1, n2=3,
printf ("For nl=1, n2=3,

[H**kxxxxxkkkx*x test nl =

nl =1,

n2 = 4;

num = complexsolve (nl, n
printf ("For nl=1, n2=4,
printf ("For nl=1, n2=4,
/xxkkxkkkxxkkxkx test nl =
nl = 2,

n2 = 3;

num = complexsolve(nl, n
printf ("For nl=2, n2=3,
printf ("For nl=2, n2=3,
/xxkkxxkkkrxkkkx test nl =
nl = 2,

n2 = 4;

num = complexsolve(nl, n

printf ("For nl=2, n2=4,
printf ("For nl=2, n2=4,

[H**kxxxxxkkkx*x test nl =

nl = 3,
n2 = 4;
num = complexsolve (nl, n

printf ("For nl=3, n2=4,
printf ("For nl=3, n2=4,

}
Output

For nl=1, n2=2, num

=1

the

1,

2,
num
the

ll
2,
num
the

2,
2,
num
the

2,
2,
num
the

3!
2,

num
the

For nl=1, n2=2, the output x is

the residual error is complex (0.

For nl=1, n2=3, num
For nl=1, n2=3, the
For nl=1, n2=4, num
For nl=1, n2=4, the
For nl=2, n2=3, num
For nl=2, n2=3, the
For nl=2, n2=4, num
For nl=2, n2=4, the
For nl=3, n2=4, num
For nl=3, n2=4, the

Example 2
For a complex equation

=1
output x
=2
output x
=2
output x
=2
output x
=1
output x

is

is

is

is

)

output x is %f %$f %f

oe
Hh

N2 = 3 *kkkkkkhkkkx/

phi_or_rl, phi_or_r2, z3,

= %d\n", num);

output x is %f $f $f %f

N2 = 4 xxkkxkkhkxhk/
phi_or_rl, phi_or_r2, z3,

= %d\n", num);
output x is %$f %f

o°

f sf
N2 = 3 *kkkxkkkxhk/
phi_or_rl, phi_or_r2, z3,
= %d\n", num);
output x is %$f $f %f %f

N2 = 4 sxkxkxkrkkhx/

phi_or_rl, phi_or_r2, z3,

= %d\n", num);

output x is %f $f $f %f

N2 = 4 xxkkxkkkxhk/
phi_or_rl, phi_or_r2, z3,

= %d\n", num);
output x is %$f %f

o°

f 3f

5.196488 0.964540 NaN NaN
000000,0.000000)

0.654193 -2.520711 NaN Na

\n",

x1,

\n",

x1,

\nvv,

x1,

\D",

x1,

\n",

x1,

\1’1",

N

x1, x2, x3,

x2, x3, x4);

x1, x2, X3,

x2, x3, x4);

x1, x2, x3,

x2, X3, x4);

x1l, x2, x3,

x2, x3, x4);

x1, x2, X3,

x2, x3, x4);

x1l, x2, x3,

-4.099052 2.441074 2.683547 0.417334

-2.467726 -5.116311 1.042948 0.781813

-0.613277 1.942631 2.827574 0.271667

5.196488 0.964540 NaN NaN

Rlei(bl + R26i¢2 =1412
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(1) Given R; = 3 and ¢; = 4 radian, find Ro and ¢o

(2) Given Ry = 3 and Ry = 4, find ¢ and ¢»

finclude <numeric.h>
#include <complex.h>

int main () {
double x1, x2, x3, x4;
int nl, n2, num;
double phi_or_rl, phi_or_r2;
complex z3, error;

/* problem (1) nl = 3, n2 = 4 %/

phi_or_rl = 3;

phi_or_r2 = 4;

z3 = complex(1l,2);

nl = 3,

n2 = 4;

num = complexsolve(nl, n2, phi_or_rl, phi_or_r2,

printf ("For nl=3, n2=4, the number of solution is

printf ("R2 = %f phi2 = $f\n", x1, x2);
printf ("R2 = %f phi2 = $f\n", x3, x4);

/* problem (2), nl = 2, n2 =4 %/
nl = 2,
n2 = 4;

num = complexsolve(nl, n2, phi_or_rl, phi_or_r2,
printf ("For nl=2, n2=4, the number of solution is
printf ("phil = %f phi2 = $f\n", x1, x2);

printf ("phil = %f phi2 = %$f\n", x3, x4);

}
Output

For nl=3, n2=4, the number of solution is
R2 = 5.196488 phi2 = 0.964540

R2 = NaN phi2 = NaN

For nl=2, n2=4, the number of solution is
phil = -0.613277 phi2 = 1.942631

phil = 2.827574 phi2 = 0.271667

See Also

I
[

=2

z3, x1, x2, X3,
= %d\n", num);

z3, x1, x2, x3,
= %d\n", num);

x4) ;

x4);

complexsolve

complexsolvePP(), complexsolvePR(), complexsolveRP(), complexsolveRR(), complexsolveRRz(), po-

lar().

References
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complexsolvePP

complexsolvePP

Synopsis

#include <numeric.h>

int complexsolvePP(double phil, double phi2, double complex z3,
double &1, double &r2);

Purpose
Solve for r; and 2 in a complex equation in the polar format.

Return Value
This function returns the number of solution with the value 1.

Parameters

phil The known value on the left hand side.
phi2 The known value on the left hand side.
z3 Complex number on the right hand side.
rl 7y for the solution on the left hand site.
r2 ro for the solution on the left hand site.

Description

This function is used to solve for ; and 73 in a complex equation in the polar format. The equation is in the

form of
R1€i¢1 + R2€i¢2 =3 +1y3

(11.30)

Because it is a complex equation that can be partitioned into real and imaginary parts, two unknowns R

and ¢2 can be solved in this equation.
Algorithm
Multiplying equation by €2 and e~ gives
Rlei(qﬁr@) + Ry = Rgei(¢3f¢2)

R+ R2€i(¢2*¢1) — Rgei(¢3*¢1)

Imaginary parts of equations (1L1.31) and equation (11.32)) are
Rl Sil’l(gﬁl - Qf)g) = R3 sin(gbg - gf)g)

Ry sin(¢a — ¢1) = Rz sin(¢3 — ¢1)
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From equation (I1.33) and equation (11.34) we get

_, sin(¢3 — ¢2)

Ry = R3sin(¢1 ~ 52) (11.35)
_ sin(¢3 — ¢1)

Ry = R3sin(¢2 o) (11.36)

Note
The function call

complexsolvePP (phil, phi2, z3, rl, r2);
is equivalent to
complexsolve(l, 3, phil, phi2, z3, rl1, r2, 0, 0);

Example
For a complex equation

R1€' 4 Rpe'®? =1 442
Given ¢, = 3 radian and ¢ = 4 radian, find R, and ¢-.

/* solve for rl and r2 in
polar(rl, phil) + polar(r2, phi2) = z3
with phil = 3, phi2 = 4, z3 = 1+i2.
The output of this program is as follows:
rl = 0.6542 (m), r2 = -2.5207 (m)
*/
#include <stdio.h>
#include <numeric.h>

int main () {
double phil, phi2;
double complex z3;
double rl, r2;

phil = 3;
phi2 = 4;
z3 = complex(l, 2);

complexsolvePP (phil, phi2, z3, rl, r2);
printf ("rl = %7.4f (m), r2 = %$7.4f (m)\n", rl, r2);
return 0;

}

See Also
complexsolve(), complexsolvePR(), complexsolveRP(), complexsolveRR(), complexsolveRRz(), polar().

References
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complexsolvePR

complexsolvePR

Synopsis
#include <numeric.h>
int complexsolvePR(double phil, double r2, double complex z3,
double &1, double &phi2, double &rI_2, double &phi2_2);

Purpose
Solve for r1 and ¢ in a complex equation in the polar format.

Return Value
This function returns the number of solutions with the value 2.

Parameters

phil The known value on the left hand side.

r2 The known value on the left hand side.

z3 Complex number on the right hand side.

rl ry for the first solution on the left hand site.

phi2 ¢o for the first solution on the left hand site.

rl_2 rq for the second solution on the left hand site.
phi2_2 ¢ for the second solution on the left hand site.

Description

This function is used to solve for r; and ¢9 in a complex equation in the polar format. The equation is in the

form of
R16i¢1 + R26i¢2 =3+ 1Yy3

(11.37)

Because it is a complex equation that can be partitioned into real and imaginary parts, two unknowns R;

and ¢2 can be solved in this equation.

Algorithm

Two unknowns can be solved by decomposing equation (11.37) into real and imaginary parts

R cos @1 + Ro cos g2 = x3

Risin¢; + Rosin ¢o = y3

From equation (I1.38) we have
T3 — R9 cos ¢y
Ry =8 ¢
cos ¢
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substitute equation (11.40) into equation (11.39)), we get
(3 — Rgcos ¢2) sin ¢1 + R sin ¢g cos ¢ = y3 €os ¢

equation (I1.41) can be simplified as

_ Y3cos Py — x3sin ¢y

Sin(¢2 - ¢1) RQ

then
¢2 = ¢1 +sin"!(a)

po =1 +m— sin_l(a)

complexsolvePR

(11.41)

(11.42)

(11.43)
(11.44)

If cos ¢ is larger than machine epsilon,e, R; can be obtained using equation (11.40). Otherwise R; will be

obtained using equation (11.39)

if (] cos ¢1)| > FLT_EPSILON
x3 — Ro cos ¢

= cos ¢
else .
R =B~ .R2 sin ¢z
sin ¢
Note

The function call
complexsolvePR (phil, r2, z3, rl, phi2, rl_2, phi2_2);

is equivalent to

(11.45)

(11.46)

complexsolve(l, 4, phil, r2, z3, rl, phi2, rl_2, phi2_2);

Example
For a complex equation
R1€" + Ryei®? = 1 + 2
Given ¢ = 3 radian and 79 = 4 meters, find R; and ¢s.
/* solve for rl and phi2 in

polar(rl, phil) + polar(r2, phi2) = z3
or

polar(r2, phi2) + polar(rl, phil) z3
with phil = 3, r2 = 4, z3 = 1+i2.
The output of this program is as follows:
rl = -4.0991 (m), phi2 = 2.4411 (radian)
rl = 2.6835 (m), phi2 = 0.4173 (radian)
*/
#include <stdio.h>
#include <numeric.h>

int main () {
double phil, r2;
double complex z3;
double rl, phi2, rl_2 , phi2_2;
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phil = 3;
r2 = 4;
z3 = complex(1l, 2);

complexsolvePR (phil, r2, z3, rl, phi2, rl_2, phi2_2);

printf ("rl = %7.4f (m), phi2 = %7.4f (radian)\n", rl, phi2);
printf ("rl = %7.4f (m), phi2 = %7.4f (radian)\n", rl_2, phi2_2);
return 0;

See Also
complexsolve(), complexsolvePP(), complexsolveRP(), complexsolveRR(), complexsolveRRz(), polar().

References
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complexsolveRP

Synopsis
#include <numeric.h>
int complexsolveRP(double a, double complex z,
double &r, double &theta, double &r_2, double &theta 2);

Purpose
Solve for r and # in a complex equation in the polar format.

Return Value
This function returns the number of solutions with the value 2 if successful. Otherwise, it returns -1.

Parameters

a The known value on the left hand side.

z The complex number on the right hand side.

r r for the first solution on the left hand site.

theta 0 for the first solution on the left hand site.

r_2 r for the second solution on the left hand site.
theta_2 0 for the second solution on the left hand site.

Description
This function is used to solve for r and # in a complex equation in the polar format. The equation is in the
form of

(a+ir)e? =z +iy (11.47)
Because it is a complex equation that can be partitioned into real and imaginary parts, two unknowns 7 and

0 can be solved in this equation.

Algorithm
Two unknowns can be solved by decomposing equation (11.47) into real and imaginary parts
acosf —rsinf =x (11.48)
asinf +rcosf =y (11.49)
From equations (11.48) and (11.49)), we have

(acos® —rsinf)? + (asinf + rcosh)? = 2 + ¢? (11.50)

which can be simplified to
a2—|—7"2::v2+y2 (11.51)
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From equation (I1.30), we can find two solutions for 7 as follows:

r=4 /:U2+y2—a2 (11.52)

From equations (I1.48) and (I1.49), we can derive the formulas for sin 6 and cos 6 as follows:

) ay — rx

sinf = —W——~ 11.53
21 a2 ( )

cosf = YT (11.54)
r“+a

For each r, we can use the function atan2() to find 6.

Example
For a complex equation

(a+ir)e =1 +42
Given a = 3 meters and 79 = 4 meters, find r and 6.

/+* solve for r and theta in
(a+1 r)e” (1 theta) = z
with a = 3 and z = 5+i3.
The output of this program is as follows:
r = 5.0000 (m), theta = -0.4900 (radian)
r = -5.0000 (m), theta 1.5708 (radian)

*/
#include <stdio.h>
#include <numeric.h>

int main () {
double a;
double complex z;
double r, theta, r_2, theta_2;

a = 3;
z complex (5, 3);
complexsolveRP (a, z, r, theta, r_2, theta_2)

7
printf ("r = $7.4f (m), theta = %7.4f (radian)\n", r, theta);
printf("r = $7.4f (m), theta = %7.4f (radian)\n", r_2, theta_2);
return 0;
}
See Also

complexsolve(), complexsolvePP(), complexsolvePR(), complexsolveRR(), complexsolveRRz(), polar().

References
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complexsolveRR

Synopsis
#include <numeric.h>
int complexsolveRR(double r/, double r2, double complex z3,
double &phil, double &phi2, double &phil_2, double &phi2_2);

Purpose
Solve for ¢; and ¢5 in a complex equation in the polar format.

Return Value
This function returns the number of solutions with the value 2.

Parameters

r1 The known value on the left hand side.

r2 The knonw value on the left hand side.

z3 Complex number on the right hand side.

phil ¢, for the first solution on the left hand side.
phi2 ¢ for the first solution on the left hand side.

phil 2 ¢, for the second solution on the left hand side.
phi2_2 ¢4 for the second solution on the left hand side.

Description
This function is used to solve for ¢; and ¢2 in a complex equation in polar format. The equation is in the
form of

R1€™' + Rye'?? = x5 + iys (11.55)

Because it is a complex equation that can be partitioned into real and imaginary parts, two unknowns ¢; and

¢2 can be solved in this equation.

Algorithm
Two unknowns can be solved by decomposing equation (I1.533)) into real and imaginary parts

Ricos¢i + Rycosgps = x3 (11.56)
Risin¢; + Rosin ¢o = y3 (11.57)
From equation (I1.33)), we get
cos ¢1 = w, sin ¢y = ys — Rasingy (11.58)
R1 Rl
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complexsolveRR

Substituting these results into the identity equation sin® ¢; + cos? ¢; = 1 and simplifying the resultant

equation, we get
2%+ y3 + R3 — R}
2Ry

from equation (I1.39), we can derive the formulas for ¢9 as follows:

Y3 Sin o + 13 COS g =

Y

IX3%+ Y3
Y3

X3 X

T3 Y3

_B _ -
tan(lb) - T3 ’ COS(l/J) - mvﬁn(w) - m

Equation (11.59) becomes,

v3 _ 23 +yi+ R — Rj

sin(¢2) + cos(¢2)

¥ 3
vz +y3 22+ y3 2R9\/23 + 43

Let
_ w3 +y3+ R3— RY
2R2\/$32) + y§
we get

sin(v) sin(¢a) + cos(¢)) cos(¢p2) = a

which can be simplified as

cos(p2 — ) =a

¢ = v £cos a)

2 2 R2 _ R2
= atan2(ys, z3) * acos <x3 tYs 1)

2R21/x§ +y§

¢1 can be obtained using equation (L1.58)

¢1 = atan2(sin ¢1, cos ¢1)
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or use identity equation,

¢, _ 1—cos(e) ¢, _  sin(¢)
tan(g) Sn(0) or tan(i) =TT cos(@) (11.67)

_ _1,1 —cos(¢1) _ _1, sin(¢1)
¢1 = 2tan” " ( sin(61) ) or ¢1 = 2tan (1 T cos(61) (11.68)

Note
The function call

complexsolveRR(rl, r2, z3, phil, phi2, phil_2, phi2_2);
is equivalent to
complexsolve (2, 4, rl, r2, z3, phil, phi2, phil_2, phi2_2);

Example
For a complex equation

Rie'®t + Rpe™®? =1 4 i2
Given Ry = 3 and Ry = 4, find ¢; and ¢9

/* solve for phil and phi2 in

polar(rl, phil) + polar(r2, phi2) = z3
or
polar(r2, phi2) + polar(rl, phil) = z3
with rl = 3, r2 = 4, z3 = 1+i2.
The output of this program is as follows:
phil = -0.6133 (radian), phi2 = 1.9426 (radian)
phil = 2.8276 (radian), phi2 = 0.2717 (radian)

x/
#include <stdio.h>
#include <numeric.h>

int main () |
double rl, r2;
double complex z3;
double phil, phi2, phil_2, phi2_2;

rl = 3;
r2 = 4;
z3 = complex(1l, 2);

complexsolveRR(rl, r2, z3, phil, phi2, phil_2, phi2_2);
printf ("phil = %7.4f (radian), phi2 = %7.4f (radian)\n", phil, phi2);
printf ("phil = %7.4f (radian), phi2 = %7.4f (radian)\n", phil_2, phi2_2);
return 0;

}

See Also

complexsolve(), complexsolvePP(), complexsolvePR(), complexsolveRP(), complexsolveRRz(), polar().

References
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complexsolveRRz

Synopsis

#include <numeric.h>

int complexsolveRRz(double complex z/, double complex 2, double complex z3,
double &phil, double &phi2, double &phil 2, double &phi2_2);

Purpose
Solve for ¢; and ¢5 in a complex equation in the polar format.

Return Value
This function returns the number of solutions with the value 2.

Parameters

zI complex number on the left hand side.

z2 complex number on the left hand side.

z3 Complex number on the right hand side.

phil ¢ for the first solution on the left hand side.
phi2 ¢o for the first solution on the left hand side.

phil 2 ¢ for the second solution on the left hand side.
phi2_2 ¢9 for the second solution on the left hand side.

Description
This function is used to solve for ¢; and ¢2 in a complex equation in polar format. The equation is in the
form of

zleid’l + deid’2 =23 (11.69)

Because it is a complex equation that can be partitioned into real and imaginary parts, two unknowns ¢; and
@2 can be solved in this equation.

Algorithm
Two unknowns can be solved by using equation and its conjugate equation
29€'%2 = 25 — 1€ (11.70)
Zoe 2 = Z3 — Z1e (11.71)
Multiplying equations (I1.70) and (I1.71)), we get
2929 = 2323 — 2121 — 23216_i¢1 — Zgzlewl (11.72)
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Multiplying equation (IT.72) by €', we get

Z321 (6i¢1)2 + (2232 — 2323 — lel)ewl + 2321 =0

We can write equation (I1.73)) as
ap® +bp+c=0

complexsolveRRz

(11.73)

(11.74)

with a = Z321, b = 2929 — 2323 — 2121, ¢ = 2321, and p = 1. We can solve for two solutions of p using

the complex quadratic equation (I1.74). With

cos ¢ = real(p), sin ¢; = imag(p),

we can find ¢1 = atan2(py, ps).
For each ¢1, we can solve for ¢ by equation (11.76)

2 =g = (z3 — zlei(z’l)/zg

we can find ¢ = atan2(qy, ¢).

Example
For a complex equation

2169 4 20€'?? = 23
Given z; = 3, 20 = 4, and z3 = 1 + 12, find ¢ and ¢»

/* solve for phil and phi2 in
z1l e” (1 phil) + z2 e” (i phi2) = z3
with z1 = 3, z2 = 4, z3 = 1+1i2.
The output of this program is as follows:
phil = 2.8276 (radian), phi2 0.2717 (radian)
phil = -0.6133 (radian), phi2 = 1.9426 (radian)

*/
#include <stdio.h>
#include <numeric.h>

int main () {
double complex zl, z2, z3;
double phil, phi2, phil_2, phi2_2;

z1l = complex (3, 0);
z2 = complex (4, 0);
z3 = complex(1l, 2);
complexsolveRRz (z1, z2, z3, phil, phi2, phil_2, phi2_2);
printf ("phil = %7.4f (radian), phi2 = %7.4f (radian)\n",
printf ("phil = %7.4f (radian), phi2 = %7.4f (radian)\n",

return 0;

}

See Also

(11.75)

(11.76)

phiZ2);

phil_2, phi2_2);

complexsolve(), complexsolvePP(), complexsolvePR(), complexsolveRP(), complexsolveRR(), polar().

References
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condnum

condnum

Synopsis
#include <numeric.h>
double condnum(array double complex a[&][&]);

Purpose
Calculate the condition number of a matrix.

Return Value
This function returns the condition number.

Parameters

a Input matrix.

Description

The condition number of a matrix measures the sensitivity of the solution of a system of linear equations to

errors in the data. It gives an indication of the accuracy of the results from matrix inversion and numerical

solution of the linear system of equations solution. A value of the condition number near 1 indicates a well-

conditioned matrix.

Algorithm

The function condnum() uses the the singular value decomposition function svd(). By function svd(), the

matrix a is decomposed as

t

a = usv

The condition number is defined as max(s)/ min(s).

Example

#include <numeric.h>

int main() |
array double a[2][2] = {2, 4,
3, 7};
/* a2 1s an ill-conditioned matrix =*/
array double az2[2][2] = {2, 4,
2.001, 4.0001}%;
array float b[2][2] = {2, 4,
3, 7};
array double complex z[2][2] = {2, complex (4, 3),
3, 7};
/* z2 is an ill-conditioned matrix =*/
array double complex z2[2][2] = {2, complex (4, 3),
2.001, complex(4.0001,3)1};
array complex z3[2][2] = {2, complex (4, 3),
3, 7};
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cond = condnum(a) ;
printf ("condnum(a) = %g\n",
cond = condnum(a2);
printf ("condnum(a2) = %g\n",
cond = condnum(b) ;
printf ("condnum(b) = %g\n",
cond = condnum(z) ;
printf ("condnum(z) = %g\n",
cond = condnum(z2);
printf ("condnum(z2) = %g\n",
cond = condnum(z3);
printf ("condnum(z3) = %g\n",
}
Output
condnum (a) = 38.9743
condnum (a2) = 10527.6
condnum (b) = 38.9743
condnum (z) = 9.32929
condnum(z2) = 11980.8
condnum (z3) = 9.32929
See Also

double cond;

svd(), norm(), rank(), rcondnum().

References

cond) ;

cond) ;

cond) ;

cond) ;

cond) ;

cond) ;
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conv

Synopsis
#include <numeric.h>
int conv(array double complex c[&], array double complex x[&], array double complex y[&]));

Syntax
conv(c, x, y)

Purpose
One-dimensional Discrete Fourier Transform (DFT) based convolution.

Return Value
This function returns O on success and -1 on failure.

Parameters
¢ A one-dimensional array of size n + m — 1. It contains the result of convolution of x and y.

x A one-dimensional array of size n. It contains data used for convolution.

y A one-dimensional array of size m. It contains data used for convolution.

Description

The input array x and y can be of any supported arithmetic data type and sizes n and m, respectively.
Conversion of the data to double complex type is performed internally. If both x and y are real type, the
result is a one-dimensional array ¢ of size n + m — 1. If either one of x and y is complex type, the result ¢
is complex type.

If x and y are considered as two vectors of polynomial coefficients, the convolution of x and y is equivalent
to the multiplication of these two polynomials.

Algorithm
The convolution of two functions z(t) and y(¢), denoted as x * y, is defined by

THY = /O:o x(T)y(t — 7)dr

in the time domain with « x y = y % x. According to the theorem of convolution, if X (f) and Y (f) are
Fourier transforms of z(t) and y(¢), that is,

z(t) <= X(f) and  y(t) <= Y(f)
then

zxy < X(Y(f)
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According to the theorem of discrete convolution,
if X4(f) and Yy(f) are discrete Fourier transforms of sequences x[n7] and y[nT], that is,

z[nT) <= X4(f) and y[nT| <= Yy(f)
then
z[nT] * y[nT] <= Xq(f)Ya(f)

Where T is the sample interval and n is an index used in the summation.
Based on the theorem of discrete convolution, DFT can be used to compute discrete convolutions. The
procedure is first to compute the DFT of x[n7’] and y[nT'] and then use the theorem to compute

c[nT] = z[nT] * y[nT] = Fy ' [Xa(f)Ya(f)]

to get the convolution result.

Suppose z[nT] and y[nT] have the same length N for n from 0 to N — 1. Then the DFT of z[nT] and
y[nT] have N points, while c¢[nT] has length of N + N — 1. Therefore, the signal produced by z[nT] *
y[nT] has length that is longer than the DFT length. The length difference produces time aliasing when the
inverse DFT of X;(f)Yq4(f) is used to obtain z[nT] % y[nT|. Thus, c[nt] = x[nT|y[nT] is a time-aliased
version of the sequences convolution. To solve the time-aliasing problem, DFT can be used to compute
discrete convolution of two signals if zero padded to the signals to extend their lengths to equal the discrete
convolution length. That is, if the lengths of z[nT’] and y[nT] are N, and N,, respectively, then 2[n7"] and
y[nT] can be padded with N, —1 and N, —1 zeroes, respectively. This zero padding produces sample signals
that are both of length N, + N, — 1. DFT can be used with (N, + N, — 1) points to compute X4(f) and
Ya(f). The length, N, + N,, — 1, of the sample sequence obtained from the inverse DFT F; [ X4(f)Ya(f)]
equals the length of the discrete convolution so that the discrete convolution is obtained.

In this numeric function, the sizes of two convolution arrays x and y are expanded to m + n — 1 and
zero padded internally. The DFT algorithm is used to compute the discrete Fourier transform of x and y.
Multiplying two transforms together component by component, then using the inverse DFT algorithm to
take the inverse discrete Fourier transform of the products, the answer is the convolution z(nT") x y(nT).

Example 1
Assume z(t) and y(t) are polynomial functions, convolution of x and y is equivalent to multiplication of the
two polynomials.

z(t) = PH2xtP 4353+ 4512+ 55t +6;
y(t) = 6xt+7;

Convolution of z(t) * y(t) or multiplication of polynomials x(¢) and y(t) is equal to

c(t) =ax(t) xy(t) = 6%t +19 %> + 325t + 45+ 3 4 58 2 + 71+t 4 42

#include <stdio.h>
#include <numeric.h>
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#define N 6
#define M 2

/* data x array size =/
/* data y array size x/

#define N2 (N+M-1)

int main() |
int 1i;

array double c[N2],x[N]={1,

conv(c,x,y); /* float data

2,3,4,5,6},y[MI={6,7};

convolution =/

printf ("Polynomial multiplication\n");

(
printf ("x=%6.3f\n", x);
printf ("y=%6.3f\n",vy);
printf ("c=%6.3f\n",c);

}

Output

Polynomial multiplication
x= 1.000 2.000 3.000 4.000

y= 6.000 7.000

c= 6.000 19.000 32.000 45.000

Example 2

5.000 6.000

58.000 71.000 42.000

conv

The sequences corresponding to the input and unit pulse response of a filter in a sample data control system

are given as

n+l 0<n<?2

z[n] = 5—n 2<n<3

0 elsewhere

—n/2 2<n<A4
yln] =
0 elsewhere
The convolution sum or output sequence becomes
oo
cn] =an]xyln] = Y almlyln—m]
m=—o00
_ mezx[mlyln —m] 2<n <7
B 0 elsewhere

The six values of ¢[n] for i = 2 to 7 can be calculated as follows

2] = z[2h[0] + 2[3]h[~1] + z[4]h[-2] = —1
c[3] = z[2A[1] + z[3]A[0] + z[4]A[~1] = —3.5
4] = x[2)h[2] + 2[3]A[1] + z[4]h[0] = —8
cf5] = x[2]h[3] + z[3]A[2] + z[4]h[1] = —10.5
cl6] = (2[4 + 2[3]A[3] + z[4]A[2] = —9
c[7] = z[2Jh[5] + z[3]A[4] + z[4]R[3] = —4
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#include <stdio.h>
#include <chplot.h>
#include <numeric.h>

#define N 4 /+ data x array size */
#define M 5 /* data y array size =/
#define N2 (N+M-1)

int main() {
int i,nl1[N],n2[M],n3[N2];
array double c[N2],x[N]={1,2,3,2},y[M]={0,0,-1,-1.5,-2};
class CPlot plot;
string_t labelx="x"
labely="y";

linspace (nl,0,N-1);
linspace (n2,0,M-1);
linspace (n3,0,N2-1);
conv(c,x,Vv);

printf ("x=%6.3f\n", x);
printf ("y=%6.3f\n",vy);
printf ("c=%6.3f\n",c);

plot.dataz2D (nl, x);
plot.plotType (PLOT_PLOTTYPE_IMPULSES, 0);
plot.axisRange (PLOT_AXIS_X, 0,7,1);
plot.axisRange (PLOT_AXIS_Y, -12,4,1);
plot.label (PLOT_AXIS_X,"n");
plot.label (PLOT_AXIS_Y,"x[n]l");
plot.title ("Input sequence");
plot.plotting();
plot.deletePlots();
plot.data2D (n2,vy);
plot.plotType (PLOT_PLOTTYPE_IMPULSES, 0);
plot.axisRange (PLOT_AXIS_X, 0,7,1);
plot.axisRange (PLOT_AXIS_Y, -12,4,1);
plot.label (PLOT_AXIS_X,"n");
plot.label (PLOT_AXIS_Y,"y[nl");
plot.title ("Unit Pulse Response sequence");
plot.plotting();
plot.deletePlots();
plot.dataz2D (n3,c);
plot.plotType (PLOT_PLOTTYPE_IMPULSES, 0);
plot.axisRange (PLOT_AXIS_X, 0,7,1);
plot.axisRange (PLOT_AXIS_Y, -12,4,1);
plot.label (PLOT_AXIS_X,"n");
plot.label (PLOT_AXIS_Y,"c[nl");
plot.title ("Output Response sequence");
plot.plotting();

}

Output

x= 1.000 2.000 3.000 2.000
y= 0.000 0.000 -1.000 -1.500 -2.000

c= 0.000 0.000 -1.000 -3.500 -8.000 -10.500 -9.000 -4.000
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Input sequence Unit Pulse Response sequence Output sequence
4 T 4 U T 4 T
3r 1 3r 1 3r 1
2 F 1 2 F 1 2 F 1
1r ‘ ‘ 1 1r 1 1r 1
0 0 0
N I ‘ T ,
2+ g 2+ g 2+ g
3+ g 3+ g 3+ g
5 g 5 g 5 g
6 | g -6 g 6 | g
7+ g T+ g 7+ g
8 - g -8 g 8 - g
9 | g 9 g 9 | g
10 g -10 | g 10 F g
1+ g A1+ g 1+ g
. gl .
012345867 012345867 012345867
n n n

See Also
fft(), ifft(), conv2(), deconv().

References
Nussbaumer, H. J, Fast Fourier Transform and Convolution Algorithms, New York: Springer-Verlay, 1982

440



110:0000 — <numeric.h> conv2

conv2

Synopsis

#include <numeric.h>

int conv2(array double complex c[&][&], array double complex f[&][&],
array double complex g[&][&], ... /* [string_t method] */);

Syntax

conv2(c, f, g)
conv2(c, g, g, method);

Purpose
Two-dimensional Discrete Fourier Transform (DFT) based convolution.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

¢ A two-dimensional array with size of a section of (na+nb— 1) x (ma+mb— 1) specified by “method”.
It contains the result of convolution of fand g.

f A two-dimensional array of size (na) x (ma) used for convolution.
g A two-dimensional array of size (nb) x (mb) used for convolution.

method The string_t method used to specify the convolution result.
”full” - (default) returns the full 2-D convolution. The size is (na + nb — 1) x (ma + mb — 1).
”same” - returns the central part of 2-D convolution. That is the same size as f.
”valid” - returns only those parts of 2-D convolution that are computed without the zero-padded edges,
the size of ¢ is (na — nb + 1) x (ma — mb + 1) where the size of f must be bigger than the
size of g. That is, size(f) > size(g).

Description

The input two-dimensional array fand g can be of any supported arithmetic data type and sizes, respectively.
Conversion of the data to double complex is performed internally. If both of fand g are real data, the result
is a two-dimensional real array c. If either one of fand g is complex , the result array ¢ will be complex
data type.

If size of fand size of g are (ma) X (na) and (mb) x (nb), respectively, then

method = "full” (default) the size of ¢ is (ma + mb — 1) X (na + nb — 1);

method = “same” the size of c is (ma) x (na);

method = "valid” the size of ¢ is (ma —mb+ 1) x (na — nb+ 1) where the size of f must be bigger than the
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size of g. That is, size(f)> size(g).

Algorithm
Two-dimensional convolution is analogous in form to one-dimensional convolution. Thus for two functions
f(z,y) and g(x,y), we define

S sy = [ [ flaBlglo—avy— Bdads

The convolution theorem in two dimensions, then, is given by the relations
f(@,y) x g(z,y) <= F(u,v)G(u,v)

where F'(u,v) and G(u,v) are two-dimensional Fourier transform of f(z,y) and g(z, y), respectively. The
discrete convolution of the two functions f(mT,nT) and g(mT,nT) is given by the relation

M—-1N-1
f(mT,nT)x g(mT,nT) =Y > f(mT,nT)g(ki —m, ks —n)
m=0 n=0
forky =0,1,2,---,M —1land ky = 0,1,2,---, N — 1. Where T is the sampling interval, M and N are
periods in x and y directions, respectively.
Similarly, the discrete convolution theorem in two dimensions is given as

c(mT,nT) = f(mT,nT) x g(mT,nT) <= Fy(f1, f2)Ga(f1, f2)

where Fy(f1, fo) and G4( f1, f2) are discrete Fourier transform of f(mT,nT) and g(mT,nT'), respectively.
We can compute the DFT of f(mT,nT') and g(mT,nT) and then use the convolution theorem to compute

e(mT,nT) = f(mT,nT) x g(mT,nT) = F; [Fa(f1, f2)Galf1, f2)]

to get the two-dimensional result.

Similar to the one-dimensional convolution, if periods M and N are used to compute the convolution, there
is a time-aliasing in the signals. To solve the time-aliasing problem, zeroes are padded to the signal to extend
their lengths to equal the discrete convolution length. That is, if the lengths of f(nT, mT) is (na) x (ma)
and g(nT,mT) is (nb) x (mb), then f(nT,mT) and g(nT,mT) are padded with (nb — 1) x (mb — 1)
and (na — 1) x (ma — 1) zeroes, respectively. This zero padding produces sample signals that are both of
length (na + nb — 1) x (ma + mb — 1). A two-dimensional DFT with (na + nb — 1) x (ma + mb — 1)
points is used to compute Fy( f1, f2) and Gp(Fy, F»). The length, (na +nb — 1) x (ma + mb — 1), of the
sample sequence obtained from the inverse DFT F;° YE(f1, f2)Ga(f1, f2)] equals the length of the discrete
convolution so that the discrete convolution is produced.

In this numeric function, the size of two convolution arrays fand g are expanded to (na +nb— 1) x (ma +
mb — 1) and zero padded internally. The DFT algorithm is used to compute the two-dimensional discrete
Fourier transform of f and g. Multiplying two transforms together component by component, then using
the inverse DFT algorithm to take the inverse discrete Fourier transform of the products, the answer is the
two-dimensional convolution f(mT,nT") x g(mT,nT).
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Example
In image processing, a Sobel filter is a simple approximation to the concept of edge detection. Convoluting
the original two-dimensional image data with a Sobel filter

-1 0 1
ge=1| —2 0 2
-1 0 1

detects the edges in x-direction. Similarly, convoluting a Sobel filter

-1 -2 -1
=10 0 0
1 2 1

which is the transpose of matrix g,, edges in y-direction can be detected.

#include <math.h>
#include <chplot.h>
#include <numeric.h>

int main() {
int i, J;
array double g[3]1([3]={{-1,0,1},{-2,0,2},{-1,0,1}};
array double x[16], y[l6], z1[256], f[l6][1l6], H[18][18], VI[18][18],Z[18]1[18], Zl1l[256];

linspace (x,0,16);
linspace(y,0,16);
for (i=3; 1i<13; i++)
for (j=3; J<13; Jj++) {

z1[ix16+3]1=1;

fri103] = 15
}
plotxyz (x,y,zl1); /* original image =*/
conv2 (H, £,9);
conv2 (V, £, transpose (q) ) ;
Z =H .x H+V .x V; /* magnitude of the pixel value x/

for(i = 0; 1i<16; i++)
for (j=0; 3j<16; J++)
Z1[i*16+3] = Z[i+1][j+1];
plotxyz (x,y,21); /* edge finded image =/
}
Output
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Original image Edge finded

z0.6

See Also
fft(), ifft(), conv(), deconv().

References

Rafael C. Gonzalez, Paul Wintz, Digital Image Processing, Second Edition, Addison-Wesley Publishing
Company, 1987.
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corrcoef

Synopsis
#include <numeric.h>
int corrcoef(array double &c, array double &z, ... /* [array double &y] */);

Syntax
corrcoef(c, x)
corrcoef(c, x, y)

Purpose
Correlation coefficients calculation.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

¢ Correlation coefficient matrix formed from array x.
x A vector of observation or a two-dimensional array whose column is an observation and row is a variable.

y Optional argument. y is a vector or two-dimensional array whose length or column length shall be the
same as the column length of x.

Description

The input array x can be of any supported arithmetic data type of vector or two-dimensional array of any
size n x m (if x is a vector, regard the size as 1 x m). Each column of x is an observation and each row
is a variable. Optional input y can only be of double data type and same column length as x. That is, the
size of yis n; X m or regard as 1 x m if y is a vector. Attachment of y to row a of x as a new expanding
matrix [X] is performed internally. corrcoef(c, x, y) is equivalent to corrcoef(c,[X]) where X is defined as
X = ¥ ). The size of [X] is (n + n1) x m. Conversion of the data to double is performed internally.

[}
The result ¢ is a matrix of correlation coefficients.

Algorithm
For array x of size N x M, which has N variable and each variable has total M observation, correlation
coefficient matrix c is related to the covariance matrix C by
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where C' is a covariance matrix. It is calculated by

1
C= N _{Uu* u
where element u is defined as
and
1 M
7j=1
where x;; is the element of the input matrix.
Example
Consider an array x[4][5].
1 2 3 45
1 2 3 45
Tr =
0 00 01
2 3 456

corrcoef

where each row of the x is a variable and column is an observation. The result array c is the correlation

coefficient matrix.

#include <stdio.h>
#include <numeric.h>

#define N 4 /+ data array size */
#define N1 5
fdefine N2 4

int main () {
int i, 3;
array double c[N2][N2];
array double x[N][N1]={{1,2,3,4,5},
{1,2,3,4,5},
{0,0,0,0,1},
{2,3,4,5,6}};
corrcoef (¢, x);
printf ("x=%6.3f\n", x);
printf ("correlation coefficient matrix\n");
printf ("%6.3f\n",c);
}

Output

x= 1.000 2.000 3.000 4.000 5.000
1.000 2.000 3.000 4.000 5.000
0.000 0.000 0.000 0.000 1.000
2.000 3.000 4.000 5.000 6.000
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correlation coefficient matrix
1.000 1.000 0.707 1.000

1.000 1.000 0.707 1.000
0.707 0.707 1.000 0.707
1.000 1.000 0.707 1.000

See Also

covariance().
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correlation2

Synopsis
#include <numeric.h>
double correlation2(array double x[&][&], array double y[&][&]);

Syntax
correlation2(x, y)

Purpose
Two-dimensional correlation coefficient.

Return Value
This function returns the two-dimensional correlation coefficient.

Parameters

x A square matrix of size n x n. It contains the original date for correlation coefficient calculation.
¥y A square matrix of the same size as x. It contains the original date for correlation coefficient calculation.

Algorithm
This function is used to calculate the two-dimensional correlation coefficient. The two-dimensional correla-
tion coefficient is defined as

Di1 2j—1(@Tij * yyis)
Vi Yy wad) « (T S yyd)

CcC =

where

Tgj = Tij — Ha

YYij = Yijs — MKy

ft and ji,, are the mean values of the matrix x and y.

n n

1

[y = "*”121321%
1 n n

Hy = n*n;;yz]

Example
Calculate two square matrix correlation coefficient.
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#include <stdio.h>
#include <numeric.h>

#define NC 6
#define ND 3
#fdefine N 20

int main() |
int i, 3,k;
array double x[3][3]=({

~
~

— ~
~

array double y[3][3]=({

~

~
~

o W W oy WK
~ ~

N o N J N
~ 0~

(G2 BN G2l \C e oG, BN

— ~
~.

double c;

c = correlation2(x,vy);
printf ("x=\n%f", x);
printf ("y=\n%f",y);
printf ("c=\n%f\n",c);

}
Output

x=
1.000000 2.000000 3.000000
3.000000 4.000000 5.000000
6.000000 7.000000 8.000000
y=

3.000000 2.000000 2.000000
3.000000 8.000000 5.000000
6.000000 2.000000 5.000000
c=

0.326637

N
]

[ee]
Ul

See Also
correlation().
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covariance

Synopsis
#include <numeric.h>
int covariance(array double &c, array double &z, ... /* [array double &y] */);

Syntax
covariance(c, x)
covariance(c, x, y)

Purpose
Covariance matrix.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

¢ Covariance matrix. If there is only one input x and it is a vector, this is the variance. If x is a matrix, where
each column is an observation and each row is a variable, c is the covariance matrix. The diagonal
of ¢ is a vector of variances for each row. The square root of diagonal of ¢ is a vector of standard
deviations.

x A vector whose elements are an observation, or a two-dimensional array whose column is an observation
and row is a variable.

y Optional argument. y could be a vector or a two-dimensional array whose length or column length shall
be same as the column length of x.

Description

The input array x can be of any supported arithmetic data type of vector or matrix of any size n X m (if x is
a vector, regard the size as 1 x m). Each column of x is an observation and each row is a variable. Optional
input y can only be of double data type and same column length as x. That is, the size of y is n1 X m or
regard as 1 x m if y is a vector. Attachment of y to row of x as a new expanding matrix [X] is performed

internally. covariance(c, x, y) is equivalent to covariance(c,[X]) where X is defined as X = v . The

Y
size of [X] is (n + n1) x (m). Conversion of the data to double is performed internally. The result ¢ is a

variance or a covariance matrix depending on x and y. If x is a vector and no optional input y, the result c is
a variance. Otherwise it is a covariance. Diagonal of ¢ is a vector of variances for each row. The square root
of the diagonal of c is a vector of standard deviations.
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Algorithm
For each of array x[/V][M] of N variable which has total M observation, covariance function is defined as

covariance(r;, x;) = El(x; — pi)(xj — 1)) ,j=1,2,---,N;

where x; and x; are the ith and jth row elements. F is the mathematical expectation and p; = Ewx;.
In function covariance(), the mean from each column is removed before calculating the result.

Uij = Ti5 — i} 1=0,1,---,N;5=0,1,--- .M

where
1 M
Nizﬂzxiﬁ i=0,1,---,N
j=1

Then the covariance matrix is calculated by

1 el
c= u*u
N-1
Example
Consider an array x[4][5].
1 2 3 45
1 2 3 4 5
Tr =
0 0001
23 456

where each row of the x is a variable and column is an observation. The result array c is the covariance
matrix. The diagonal elements c(i, j) represent the variances for the rows of x. The off-diagonal element
c(i, j) represents the covariances of rows ¢ and j.

#include <stdio.h>
#include <numeric.h>

#define N 4 /% data array size x/
#define N1 5
#define N2 4

int main() |
int i, 3;
array double c[N2][N2];
array double x[N][N1]={{1,2,3,4,5},
{1,2,3,4,5},
{0,0,0,0,1},
{2,3,4,5,6}};

covariance (¢, x); /% covariance of matrix =/
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Output

x=  1.000
1.000
0.000
2.000

c=  2.500
2.500
0.500
2.500

See Also

corrcoef().

o

o

— <numeric.h>

2.000 3.000
.000 3.000
.000 0.000
.000 4.000
2.500 0.500
.500 0.500
.500 0.200
.500 0.500

o

o

4.000

.000
.000
.000

2.500

.500
.500
.500

5.000
5.000
1.000
6.000
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cpolyeval

Synopsis
#include <numeric.h>
double complex cpolyeval(array double complex c[&], double complex z);

Syntax
cpolyeval(c, z)

Purpose
Calculate the value of a polynomial at point z.

Return Value
This function returns the complex value of a polynomial at a given complex point z.

Parameters
¢ A vector of coefficients of a polynomial.

z A value of point X in which polynomial is evaluated.

Description

The vector of coefficient of polynomial ¢ can be of any supported arithmetic data type and extent size. The
value of z can be any data type. Conversion of the data to double complex is performed internally. The
return value is double complex data of the value of the polynomial.

Algorithm
For polynomial

P(z) = cpz" + T A RO L N E Ry R Lren
The calculation of the polynomial value is implemented using the follow algorithm

P=((((coz+c1)z+ca)z+c3)z+ - +cn1)z+cp

Example
Evaluate polynormal

P(z) = 2" — 521 +102% — 1022 + 52 — 1
at complex point z = 0.1 +¢0.1.

#include <stdio.h>
#include <numeric.h>
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#define NC 6
#define ND 3

int main() {
int 1i,7,k;
double c[NC]={1.0,-5.0,10.0,-10.0,5.0,-1.0};
double complex z=complex(0.1,1),val;

val = cpolyeval (c,z);
printf("z = %f function value = %f\n",z,val);
}
Output
z = complex (0.100000,1.000000) function value = complex (2.199510,-3.819500)
see also

polyeval(), polyevalarray().

References
William H. Press, et al, Numerical Recipes in C, second edition, Cambridge University Press, 1997.
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cproduct

Synopsis
#include <numeric.h>
double complex cproduct(array double complex &a, ... /* [array double complex v[:]] */);

Syntax
cproduct(a)
cproduct(a, v)

Purpose

Calculate products of all elements and products of the elements of each rows of a complex array.

Return Value
This function returns the product of all elements.

Parameters

a The input complex array for which the products are calculated.

v The output array which contains the products of each row of a two-dimensional complex array.

Description

This function calculates the product of all elements in a complex array of any dimension. If the array is a
two-dimensional matrix, the function can calculate the products of each row. The product of all elements
of the array is returned by the function and the products of the elements of each row are passed out by the
argument v. The input array can be of any dimension and any arithmetic data types.

Examplel
Calculate the products of all elements of the complex arrays with different data types and dimensions.

#include <numeric.h>
int main() {

complex double a[3] = {complex(l,2), complex(2,3), complex(l,2)};
complex double b[2][3] = {1,2,3,4,5,6};

int b1[2][3] = {1,2,3,4,5,6};

double c[2][3][5];

c[0][0][0] = 10;

c[0][0][1] = 20;

double complex products;

products = cproduct (a);

printf ("cproduct (a) = %$f\n", products);
products = cproduct (b);
printf ("cproduct (b) = %$f\n", products);
products = cproduct (bl);

printf ("cproduct (b) = $f\n", products);
products = cproduct (c);
printf ("cproduct (c) = %$f\n", products);
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Outputl

cproduct (a) = complex(-18.000000,-1.000000)
cproduct (b) = complex(720.000000,0.000000)
cproduct (b) = complex(720.000000,0.000000)
cproduct (c) = complex(0.000000,0.000000)
Example2

cproduct

Calculate the products of the elements of each row of two-dimensional complex arrays with different data

types and dimensions.

#include <numeric.h>

int main () {
double complex a[2][3] = {complex(1l,2),2,3,
4,5,6};
array double complex b[3][4] = {1,2,3,4,
5,6,7,8,

1,2,3,4};

array double complex cproductvl[2], cproductv2[3]

cproduct (a, cproductvl) ;

’

complex (120.000000,0.000000)

complex (1680.000000,0.000000)

printf ("cproduct (a, cproductvl) = $f\n", cproductvl);
cproduct (b, cproductv?) ;
printf ("cproduct (b, cproductv2) = %$f\n", cproductv2);
}
Output2
cproduct (a, cproductvl) = complex(6.000000,12.000000)
cproduct (b, cproductv2) = complex (24.000000,0.000000)
See Also

product(), camprod(), mean(), median(), sum(), camsum().

References
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cquadratic

Synopsis
#include <numeric.h>
int cquadratic(double a, double 5, double ¢, double complex & x/, double complex & x2);

Purpose
Solve for the solutions of the cquadratic equation ax? + bx + ¢ = 0.

Return Value
This function returns the number of solutions for the quadratic equation ax? + bx + ¢ = 0.

Parameters
a The coefficient a of az2 + bx + ¢ = 0.

b The coefficient a of az2 + bx + ¢ = 0.

¢ The coefficient a of az? + bx + ¢ = 0.

xI The first solution of the quadratic equation az? + bz + ¢ = 0, expressed in complex number .

x2 The second solution of the quadratic equation az? + bx + ¢ = 0, expressed in complex number.

Description

This function calculates the solutions of the quadratic equation az? + bx + ¢ = 0. The solutions in complex
number are passed back to the calling function through the fourth and fifth arguments of the function by
reference. If the discriminant b2 — 4ac is zero, there is one solution and the function returns 1. Otherwise,
there are two solutions and the function returns 2.

Example

/* File: cquadratic.ch =/

finclude <numeric.h>

int main () {
/* ¥y = X*xX —5x +6 */
double a=1, b=-5, c = 6;
double complex x1, x2;

quadratic(a, b, ¢, x1, x2);
printf ("Solutions for xx*x-5x+6=0 are %.2f and %.2f\n", x1, x2);

c = 7.25;
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cquadratic(a, b, c, x1, x2);
printf ("Solutions for xx*x-5x+7.25=0 are %.2f and %.2f\n", x1, x2);

}
Output

Solutions for xxx-5x+6=0 are complex(3.00,0.00) and complex(2.00,0.00)
Solutions for xx*x-5x+7.25=0 are complex(2.50,1.00) and complex(2.50,-1.00)

See Also
quadratic(), vertex().
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Cross

Synopsis
#include <numeric.h>
array double cross(array double a[&], array double b[&])[3];

Purpose
Calculate the cross product of two vectors.

Return Value
This function returns the cross product of vectors a and b.

Parameters
a An input array which contains the first vector.
b An input array which contains the second vector.

Description

The function cross() returns the cross product of vectors a and b. The number of elements of each vector
shall be 3.

Example

#include <numeric.h>

int main() {
array double a[3] = {1, 2, 3};
array double b[ ] = {1, 2, 3};

2

2
array double c[3] {2, 3, 4};
array double crossprod[3]

’

crossprod = cross(a, b);

printf ("cross(a,b) = %$f\n", crossprod);
crossprod = cross(a, c);
printf ("cross(a,c) = %$f\n", crossprod);
}
Output

cross(a,b) = 0.000000 0.000000 0.000000

cross(a,c) = —-1.000000 2.000000 -1.000000

See Also
dot().

References
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csum

Synopsis
#include <numeric.h>
double complex csum(array double complex &a, ... /*[array double complex v[:]]*/);

Syntax
csum(a)
csum(a, v)

Purpose

Calculate the sum of all elements of an array and the sums of each row of a two-dimensional complex array.

Return Value
This function returns the sum of all elements of the complex array.

Parameters

a The input complex array.
v The output array which contains the sums of each row of array.

Description

The function calculates the sum of all elements in a complex array of any dimension. If the array is a two-
dimensional matrix, the function can calculate the sum of each row. The input array can be any arithmetic
data type and of any dimension.

Examplel
Calculate the sum of all elements of a complex arrays of different data types.

#include <numeric.h>
int main() {

complex double a[3] = {complex(l,2), complex(2,3)};
complex double b[2][3] = {1,2,3,4,5,6};

int b1[2][3] = {1,2,3,4,5,6};

double c[2][3]1[5];

c[0][0][0] = 10;

c[0][0][1] = 20;

double complex sums;

sums = csum(a) ;
printf ("csum(a) = %$f\n", sums);
sums = csum(b);
printf ("csum(b) = $f\n", sums);
sums = csum(bl);
printf ("csum(b) = %f\n", sums);
sums = csum(c);
printf ("csum(c) = %$f\n", sums);
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Outputl

csum(a) = complex(3.000000,5.000000)
csum (b) = complex (21.000000,0.000000)
csum (b) = complex (21.000000,0.000000)
csum(c) = complex (30.000000,0.000000)
Example2

Calculate the sums of each elements of the complex arrays

#include <numeric.h>

int main() {
double complex a[2][3] = {complex(1,2),2,3,
4,5,6};
array double complex b[3][4] = {1,2,3,4,
5,6,7,8,
1,2,3,4};
array int bl1[3]1[4] = {1,2,3,4,
5,6,7,8,
1,2,3,4}%;
array double complex csumvl[2], csumv2[3];
csum(a, csumvl);
printf ("csum(a, csumvl) = %.3f\n", csumvl);
csum (b, csumv2);
printf ("csum (b, csumv2) = %.3f\n", csumv2);
csum(bl, csumv2);
printf ("csum(bl, csumv2) = $.3f\n", csumv2);

}

Output2

csum(a, csumvl) = complex(6.000,2.000)
csum (b, csumv2) = complex(10.000,0.000)
csum (bl, csumv2) = complex(10.000,0.000)
See Also

sum(), cuamsum(), trace(), product().

References

complex (15.000,0.000)

complex (26.000,0.000)

complex (26.000,0.000)
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ctrace

ctrace

Synopsis
#include <numeric.h>
double complex ctrace(array double complex a[&][&]);

Purpose
Calculate the sum of diagonal elements of a complex matrix.

Return Value
This function returns the sum.

Parameters

a Input two-dimensional complex array.

Description

This function calculates the sum of the diagonal elements of the complex matrix.

Algorithm
For a matrix a, the trace is defined as

n
trace = Z a;;
i=1

Example

#include <numeric.h>
int main() |
array double complex al[2][2] = {complex(2,3), -4,
3, -7};
array double complex a2[3][2] = {complex(2,3), -4,
3, -7,
1, 1};
array double b[2][2] = {2, -4,
3, —7};
double complex t;

t = ctrace(a);

printf ("ctrace(a) = %$f\n", t);

t = ctrace(a2);

printf ("ctrace(a2) = %f\n", t);

t = ctrace(b);

printf ("ctrace(b) = %$f\n", t);
}

Output

ctrace(a) = complex(-5.000000,3.000000)
ctrace (a2) = complex(-5.000000,3.000000)
ctrace(b) = complex(-5.000000,0.000000)
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See Also
trace(), sum(), mean(), median().

References
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ctriangularmatrix

Synopsis
#include <numeric.h>
array complex double ctriangularmatrix(string_t pos, array double complex a[&][&], ... /* [int k]

NI

Syntax
ctriangularmatrix(pos, a)
ctriangularmatrix(pos, a, k)

Purpose
Get the upper or lower triangular part of a complex matrix.

Return Value
This function returns the upper or lower triangular part of a complex matrix.

Parameters

pos Input string indicating which part of the matrix to be returned.
a Input 2-dimensional array.
k Input integer. A matrix is returned on and below the kth diagonal of the input matrix.

Description

This function gets the triangular matrix on and below the kth diagonal of matrix a. For pos of “upper” the
function returns the upper complex triangular part of the matrix, and for pos of “lower” the function returns
the lower complex part of the matrix. k indicates the offset of the triangular matrix to the lower kth diagonal
of the matrix.

Example
#include <numeric.h>

int main() {
array double complex al4][3] = {

~

w b
~ 0~

oy 00O U1 N
~ 0~

SO oy W

— N~
~

int n = 4, m=3, k;
array double complex t[n][m];

t = ctriangularmatrix ("upper",a);
printf ("ctriangularmatrix (\"upper\", t) =\n%$5.3f\n", t);
k = 0;

t = ctriangularmatrix ("upper",a,k);
printf ("ctriangularmatrix (\"upper\", t, 0) =\n%5.3f\n", t);
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k =1;
t ctriangularmatrix ("upper",a,k);
printf ("ctriangularmatrix (\"upper\", t, 1) =\n%5.3f\n", t);

k = -1;
t = ctriangularmatrix ("upper",a,k);
printf ("ctriangularmatrix (\"upper\", t, -1) =\n%5.3f\n", t);

t = ctriangularmatrix("lower",a);
printf ("ctriangularmatrix (\"lower\", t) =\n%5.3f\n", t);

k = 0;
t = ctriangularmatrix("lower",a,k);
printf ("ctriangularmatrix (\"lower\", t, 0) =\n%5.3f\n", t);

k = 1;
t = ctriangularmatrix("lower",a,k);
printf ("ctriangularmatrix (\"lower\", t, 1) =\n%5.3f\n", t);

k = -1;

t = ctriangularmatrix("lower",a,k);

printf ("ctriangularmatrix (\"lower\", t, -1) =\n%5.3f\n", t);
}

Output

ctriangularmatrix ("upper", t) =

complex (1.000,0.000) complex(2.000,0.000) complex(3.000,0.000)
complex (0.000,0.000) complex(5.000,0.000) complex(6.000,0.000)
complex (0.000,0.000) complex(0.000,0.000) complex(9.000,0.000)
complex (0.000,0.000) complex(0.000,0.000) complex(0.000,0.000)
ctriangularmatrix ("upper", t, 0) =

complex (1.000,0.000) complex(2.000,0.000) complex(3.000,0.000)
complex (0.000,0.000) complex(5.000,0.000) complex(6.000,0.000)
complex (0.000,0.000) complex(0.000,0.000) complex(9.000,0.000)
complex (0.000,0.000) complex(0.000,0.000) complex(0.000,0.000)
ctriangularmatrix ("upper", t, 1) =

complex (0.000,0.000) complex(2.000,0.000) complex(3.000,0.000)
complex (0.000,0.000) complex(0.000,0.000) complex(6.000,0.000)
complex (0.000,0.000) complex(0.000,0.000) complex(0.000,0.000)
complex (0.000,0.000) complex(0.000,0.000) complex(0.000,0.000)
ctriangularmatrix ("upper", t, -1) =

complex (1.000,0.000) complex(2.000,0.000) complex(3.000,0.000)
complex (4.000,0.000) complex(5.000,0.000) complex(6.000,0.000)
complex (0.000,0.000) complex(8.000,0.000) complex(9.000,0.000)
complex (0.000,0.000) complex(0.000,0.000) complex(4.000,0.000)
ctriangularmatrix ("lower", t) =

complex (1.000,0.000) complex(0.000,0.000) complex(0.000,0.000)
complex (4.000,0.000) complex(5.000,0.000) complex(0.000,0.000)
complex (7.000,0.000) complex(8.000,0.000) complex(9.000,0.000)
complex (3.000,0.000) complex(6.000,0.000) complex(4.000,0.000)

ctriangularmatrix ("lower", t, 0) =
complex (1.000,0.000) complex(0.000,0.000) complex(0.000,0.000)
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complex (4.000,0.000) complex(5.000,0.000) complex(0.000,0.000)
complex (7.000,0.000) complex(8.000,0.000) complex(9.000,0.000)
complex (3.000,0.000) complex(6.000,0.000) complex(4.000,0.000)

ctriangularmatrix ("lower", t, 1) =

complex (1.000,0.000) complex(2.000,0.000) complex(0.000,0.000)
complex (4.000,0.000) complex(5.000,0.000) complex(6.000,0.000)
complex (7.000,0.000) complex(8.000,0.000) complex(9.000,0.000)
complex (3.000,0.000) complex(6.000,0.000) complex(4.000,0.000)
ctriangularmatrix ("lower", t, -1) =

complex (0.000,0.000) complex(0.000,0.000) complex(0.000,0.000)
complex (4.000,0.000) complex(0.000,0.000) complex(0.000,0.000)
complex (7.000,0.000) complex(8.000,0.000) complex(0.000,0.000)
complex (3.000,0.000) complex(6.000,0.000) complex(4.000,0.000)
See Also

triangularmatrix(), diagonal(), cdiagonal()
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cumprod

Synopsis
#include <numeric.h>
int cumprod(array double complex &y, array double complex &x);

Syntax
cumprod(y, x)

Purpose
Calculate cumulative product of elements in an array.

Return Value
This function returns O on success and -1 on failure.

Parameters

x Input array with dimension less than three. It contains data to be calculated.
y Output array of same dimension as x. It contains the result of cumulative product.

Description

This function computes the cumulative product of the input array x. If the input x is a vector, it calculates
the cumulative product of the elements of x. If the input x is a two-dimensional matrix, it calculates the
cumulative product over each row. If the input x is a three-dimensional array, it calculates the cumulative
product over the the first dimension. It is invalid for calculation of cumulative product for arrays with more
than three dimensions.

Algorithm

For a vector x = [x1, x2, - - -, T, cumulative productive vector y = [y1,y2, - - -, Yn] is defined by
Yi = T kX %+ % Ty 1=1,2,---,n

Example

Calculation of cumulative products of arrays of different dimensions.

#include <numeric.h>
int main() |
array double x[6]={1,2,3,4,5,6}, yI[6];
array double complex zx[2] [3]={complex(1,1),2,3,complex(2,2),5,6}, zy[2][3];
array double x1[2][3][4]1={{1,2,3,4,
5,6,7,8,
5,6,7,8},
{10,11,12,13,
10,11,12,13,
14,15,16,17}};
array double y1[2][3][4];
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cumprod (y, x) ;
printf ("x=%£f", x);
printf ("y=%£f",vy);
printf ("\n");

cumprod (zy, zx) ;

printf ("zx=%5.2f", zx

)

printf ("zy=%5.2f",zy);

printf ("\n");
cumprod (yl,x1);

printf ("x1=%f",x1);
printf ("y1=%f",yl);

Output

x=1.000000 2.000000 3.000000

y=1.000000 2.000000 6€.000000 24.000000 120.000000 720.000000

zx=complex( 1.00, 1.00)

compl

complex( 2.00, 2.00) complex(

zy=complex( 1.00, 1.00)

complex( 2.00, 2.00) complex(10.00,10.00)

compl

4.000000 5.000000 6.000000

ex( 2.00, 0.00) complex( 3.00,

5.00, 0.00) complex( 6.00,
ex( 2.00, 2.00) complex( 6.00,
complex (60.00,60.00)

x1=1.000000 2.000000 3.000000 4.000000
5.000000 6.000000 7.000000 8.000000
5.000000 6.000000 7.000000 8.000000

10.000000 11.000000 12.
10.000000 11.000000 12.

14.000000 15.000000 16.

y1=1.000000 2.000000 6.
5.000000 30.000000 210.

5.000000 30.000000 210.

000000
000000
000000
000000
000000
000000

13.000000
13.000000
17.000000
24.000000
1680.000000
1680.000000

10.000000 110.000000 1320.000000 17160.000000
10.000000 110.000000 1320.000000 17160.000000
14.000000 210.000000 3360.000000 57120.000000

See Also

cumsum(), product(), cproduct(), sum(), csum().
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cumsum

Synopsis
#include <numeric.h>
int cumsum(array double complex &y, array double complex &x);

Syntax
cumsum(y, x)

Purpose
Calculate cumulative sum of elements in an array.

Return Value
This function returns O on success and -1 on failure.

Parameters

x Input array whose dimension are no more than three. It contains data to be calculated.
y Output array of same dimensional as x. It contains data the result of cumulative sum.

Description

This function computes the cumulative sum of the input array x. If the input x is a vector, it calculates the
cumulative sum of the elements of x. If the input x is a two-dimensional matrix, it calculates the cumulative
sum over each row. If the input x is a three-dimensional array, it calculates the cumulative sum over the first
dimension. It is invalid for calculation of cumulative sum for arrays with more than three dimensions.

Algorithm

For a vector x = [x1, x2, - - -, T, cumulative sum vector y = [y1, Y2, - - -, Yn] is defined by
yi=xitae+--+wx, 1=12--n

Example

Calculation of cumulative sum of arrays of different dimensions.

#include <numeric.h>
int main() {
array double x[6]={1,2,3,4,5,6}, y[6];
array double complex zx[2][3]={complex(1l,1),2,3,complex(2,2),5,6}, zy[2][3];
array double x1[2][3]1[4]1={{1,2,3,4,
5,6,7,8,
5,6,7,8},
{10,11,12,13,
10,11,12,13,
14,15,16,17}};
array double y1[2][3]1[4];
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cumsum (y
printf ("
printf ("
printf ("

b

><
Il
oo oo ~—

~

K
Il

— m m*
<X

=

cumsum (zy,

printf ("zx %5 2f", zx) ;
("zy=%5.2f", zy);

printf ("\n");

cumsum (y1l, x1);

printf ("x1=%f",x1);

printf ("yl=%f",vyl);

Output

x=1.000000 2.000000 3.000000 4.000000 5.000000 6.000000
y=1.000000 3.000000 6.000000 10.000000 15.000000 21.000000

zx=complex( 1.00, 1.00) complex( 2.00, 0.00) complex( 3.00, 0.00)
complex( 2.00, 2.00) complex( 5.00, 0.00) complex( 6.00, 0.00)
zy=complex( 1.00, 1.00) complex( 3.00, 1.00) complex( 6.00, 1.00)
complex( 2.00, 2.00) complex( 7.00, 2.00) complex(13.00, 2.00)

x1=1.000000 2.000000 3.000000 4.000000
5.000000 6.000000 7.000000 8.000000
5.000000 6.000000 7.000000 8.000000

10.000000 11.000000 12.000000 13.000000
10.000000 11.000000 12.000000 13.000000
14.000000 15.000000 16.000000 17.000000
y1=1.000000 3.000000 6.000000 10.000000
5.000000 11.000000 18.000000 26.000000
5.000000 11.000000 18.000000 26.000000

10.000000 21.000000 33.000000 46.000000

10.000000 21.000000 33.000000 46.000000
14.000000 29.000000 45.000000 62.000000

See Also
cumprod(), product(), cproduct(), sum(), csum().
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curvefit

Synopsis

#include <numeric.h>

int curvefit(double a[&], double x[&], double y[&], void (*funcs)(double, double [ ]), ...
/*[double sig[ ], int ia[ ], double covar|:][:], double *chisq ]*/);

Syntax

curvefit(a, x, y, funcs)

curvefit(a, x, y, funcs, sig)
curvefit(a, x, y, funcs, sig, ia)
curvefit(a, x, y, funcs, sig, ia, covar)

curvefit(a, x, y, funcs, sig, ia, covar, chisq)

Purpose
Fit a set of data points x and y to a linear combination of specified functions of x.

Return Value
This function returns O on success and -1 on failure.

Parameters

a An output array which contains coefficients for curve fitting.

x An input array which contains variable values of data set.

y An input array which contains function values of data set.

funcs The routine given by the user that passes the values of base functions evaluated at x.

sig An input array which contains individual standard (measurement error) deviations of data set. It can be
set to 1 if unknown.

ia Aninput array. Those components of nonzero entries shall be fitted, and those components of zero entries
shall be held at their input values.

covar The covariance matrix of fitting results, describing the fit of data to the model. See algorithm for
definition.

chisq Chi-square of fitting.

Description

Given a set of data points in arrays x and y with individual standard deviations in array sig, use x? min-
imization to fit for some or all of the coefficients in array a of a function that depends linearly on, y =
a; * funcs;(x). The fitted coefficients are passed by array a. The program can also pass x? and covariance
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matrix covar. If the values for array argument ia are constants, the corresponding components of the covari-
ance matrix will be zero. The user supplies a routine funcs(x,func) that passes the function values evaluated
at x by the array func.

Algorithm
The general form of the fitting formula is

y(x) = > arfi(x)
k=1

where fi(x), ..., far(x) are arbitrary fixed function of x, called base functions. f(z) can be a nonlinear
function of x. The coefficients aj, are determined by minimizing chi-square which is defined as

= i (Z/z‘ ~ il akfk(xi)>2

i=1 i

where o; is the standard deviation of the ith data point. If the standard deviations are unknown, they can be
set to the constant value o = 1. By defining a n X m matrix « with element (k, j) as

N
akj ::ji: j}(xilgk(xi)
i=1

)

The element (k, j) of the covariance matrix can be expressed as

covery; = [a] ,;jl

Example 1
Fitting of the data points generated by f(z) = 4 cos(x) + 3 sin(z) 4 2e* + 1 with uniform random deviation
to the base functions cos(z), sin(x), e” and 1. This example uses curvefit(a, x, y, funcs) only.

#include <stdio.h>
#include <numeric.h>
#define NPT 100
#define SPREAD 0.1
#define NTERM 4

void funcs (double x, double funcl[]) {
func[0]=cos (x);
func[l]=sin(x);
func[2]=exp (x);
func[3]1=1.0;
}
int main (void) {
int i, 3;
array double a[NTERM],x[NPT],y[NPT],sig[NPT],u[NPT];
linspace(x, 0, 10);

urand (u) ;
y = 4%cos(x) + 3%sin(x) +2xexp(x) +(array double [NPT])1.0 + SPREADx*u;
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curvefit (a, x,y, funcs);
printf ("\n%1lls\n", "parameters") ;
for (i=0; i<NTERM; i++)
printf (" al[%1ld] = $f\n", i,alil);
}

Outputl

parameters

al[0] = 3.990255
] 2.994660
] = 2.000000
] 1.051525

Example 2

Fitting of the data points generated by f(z) = 4 cos(x) + 3 sin(z) 4 2e* + 1 with uniform random deviation
to the base functions of cos(z), sin(x), e* and 1. This example uses all the options of arguments of function
curvefit(). The values of 3 and 1 for coefficients a[2] and a[0] are fixed, respectively.

#include <stdio.h>
#include <numeric.h>

#define NPT 100
#define SPREAD 0.1
#define NTERM 4

void funcs (double x, double funcl[]) {
func[0]=cos (x);
func[l]=sin (x);
func[2]=exp (x);
func[3]=1.0;

int main(void) {
int i, 3;
array int ia[NTERM];
array double a[NTERM],x[NPT],y[NPT],sig[NPT],covar [NTERM] [NTERM],u[NPT];
double chisg;

linspace(x, 0, 10);

urand (u) ;

y = 4%cos(x) + 3%sin(x) +2xexp(x) +(array double [NPT])1.0 + SPREADx*u;
sig=(array double[NPT]) (SPREAD) ;

ia[0] = 0; ia[1l]

=1
al0] = 4; al[l]l] = 3;

; ial2] = 0; ]
al2] = 2; al3] = 1;

curvefit (a, x,y, funcs, sig,ia, covar, &chisq);
printf ("\n%1lls %21s\n", "parameter", "uncertainty");
for (i=0; i<NTERM; i++)
printf (" al[%1d] = %8.6f %12.6f\n",i,a[i],sqgrt(covar([i][i]));
printf ("chi-square = $12f\n",chisq);
printf ("full covariance matrix\n");
printf ("$12f", covar);

}
Output 2

parameter uncertainty
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.000000

.994009 .015044

.000000 .000000
al3] 1.052622 0.010357

chi-square = 7.538080

full covariance matrix

.000000 0.000000

.000000 0.000226

.000000 0.000000

.000000 -0.000041

.000000

o O O

0
1
2

[ )]
NN

(0]
(1] =
(2]

.000000 0.000000
.000000 -0.000041
.000000 0.000000
.000000 0.000107

O O O O
O O O O

See Also
polyfit(), std().

References

William H. Press, Saul A. Teukolsky, William T. Vetterling and Brian P. Flannerya, Numeric Recipes in C,
Second Edition, Cambridge University Press, 1997.

474



110:0000 — <numeric.h> deconv

deconv

Synopsis

#include <numeric.h>

int deconv(array double complex u[&], array double complex v[&], array double complex g[&], ...
/* [array double complex r[&]] */);

Syntax
deconv(u, v, q)
deconv(u, v, g, )

Purpose
One-dimensional Discrete Fourier Transform (DFT) based deconvolution.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

u A one-dimensional array of size n. It contains data used for deconvolution.

v A one-dimensional array of size m. It contains data used for deconvolution.

g A one-dimensional array of size (n —m + 1). It contains the result of deconvolution of u and v.

r A one-dimensional array of size n. It contains the remainder item if user specified.

Description

The input arrays u and v can be of any supported arithmetic data type and sizes n and m. Conversion of the
data to double complex type is performed internally. If both « and v are real data type, the deconvolution
result is a one-dimensional real array ¢ of size (n + m — 1) and the remaining item is a real array r if
specified. If either one of u and v is a complex type, then the result array ¢ and remained item r will be a
complex data type.

If u and v are vectors of polynomial coefficients, deconvolution of u and v is equivalent to the division the

two polynomials.

Algorithm
According to the theorem of convolution, if X (f) and Y (f) are Fourier transforms of z(¢) and y(t), that is,

a(t) <= X(f) and  y(t) <= Y(f)
then

zxy < X(fY(f)
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The theorem of convolution of discrete convolution is described as,
if X4(f) and Yy(f) are discrete Fourier transforms of sequences x[n7] and y[nT], that is,

tInT] <= Xo(f)  and  ynT] < Ya(f)
then
z[nT]* y[nT] <= Xy (f)Ya(f)

where T is the sample interval and n is an index used in the summation.

In function deconv(), the convolution result « is given and one sequence of convolution data v is known.
Based on the theorem of discrete convolution, DFT can be used to compute discrete deconvolution. The
procedure is first to compute the DFT of u[nT] and v[nT] and then use the theorem to compute

q[nT] + r[nT) = Fy  {Ua(£))/ g Va(f)]

where Uy(f) and Vy(f) are DFT of sequences u[nT] and v[nT], respectively. In the algorithm the long
division of two polynomial is used to get the result. The quotient is the convolution sequence g[n7"] and the
remainder is 7[nT].

Example
There are two polynomial U and V whose coefficients u and v are [6, 19, 32, 35, 58, 71, 42] and [6, 7] respec-
tively. The deconvolution of u and v is equivalent to the division of polynomial U by polynomial V.

U = 6xt5+19%t° +32xt* +45 %3 + 58 %12 + T1 x t + 42
V = 6%xt+7

then U/V equals

Q=1t"+2xt ' + 35>+ 45> + 5%t +6

#include <stdio.h>
#include <numeric.h>

#define N 7 /* u array size «/
#define M 2 /* response function dimension x/
#define N2 N-M+1

int main() {
int i,Jj,n,m;
array double u[N] = {6,19,32,45,58,71,42},
v[M] = {6,7};
array double g[N2], r[N];

printf ("u=%f\n",u);
printf ("v=%f\n",v);

deconv(u,v,q); /* real v, not specify remaind result =*/
deconv(u,v,q,r); /+ real v, specified remaind result =/

printf ("g=%
printf ("r=%
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Output

u=6.000000 19.000000 32.000000 45.000000 58.000000 71.000000 42.000000
v=6.000000 7.000000
g=1.000000 2.000000 3.000000 4.000000 5.000000 6.000000

r=0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 -0.000000

See Also
conv(), conv2(), filter().

References
Nussbaumer, H. J, Fast Fourier Transform and Convolution Algorithms, New York: Springer-Verlay, 1982.
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derivative

Synopsis
#include <numeric.h>
double derivative(double (*func)(double), double x, ... /* [double &err], [double i] */);

Syntax

derivative(func, x)
derivative(func, x, &err)
derivative(func, x, &err, h)

Purpose
Calculate numerical derivative of a function at a given point.

Return Value
This function returns a derivative value of function func at point x in double data type.

Parameters

func The function taking derivative.
x A point at which the derivative is evaluated.
err An estimated error in the derivative will return as err if this argument is passed.

h An initial estimated step size. It does not have to be small, but it should be an increment in x over which
func changes substantially. If the user does not specify this value, the value of 0.02 * x or 0.0001 (if x
< 0.0001) is used by default.

Description

The function taken derivative, func, is specified as a pointer to a function that takes a double as an argument
and returns a double value at x. The returned value is the derivative of the function at point x. The optional
argument err contains the estimate of the error in the calculation of derivative. It helps the user to estimate
the result. If the optional argument # is given, calculation of the derivative uses the initial step size of A.
Otherwise it uses the default value.

Algorithm
The symmetrized form of the definition of the derivate is defined as the limit

fx+h) = flx—h)
2h

f'(z) =

when i — 0. For this formula, the truncation and roundoff errors are e; ~ h2f"” and e, ~ ef|f(z)/hl,
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respectively. The optimal choice of h is

erf
h~ %)1/3 ~ (ep) 3z,

and the relative error is

(er +e) /I f'| ~ ()P (f"Y3) f ~ (e5)?

Example
Calculate the derivative of function z sin(z) at point z = 2.5

d

e sin(x)|y=2.5 = {sin(z) — z cos(z) }|z=2.5 = —1.404387
X

#include <stdio.h>

#include <math.h>

#include <numeric.h>

double func (double x) {

return xxsin(x);

int main() {
double yprime, func(double), x, h, err;

x = 2.5;
yprime = derivative (func, x);
/* derivative of func = xxsin(x) 1s sin(x)+x*cos (x) =*/
printf ("yprime = $f\n", sin(x)+x*xcos(x));
printf ("derivative (func, x) = $f\n", yprime);
yprime = derivative (func, x, &err);
printf ("derivative (func, x, é&err) = %f, err = %$f\n", yprime, err);
h = 0.1; // default h = 0.001
yprime = derivative (func, x, &err, h);
printf ("derivative (func, x, &err, h) = %f, err = %$f\n", yprime, err);
}
Output
yprime = -1.404387
derivative (func, x) = -1.404387
derivative (func, x, &err) = -1.404387, err = 0.000000
derivative (func, x, &err, h) = -1.404387, err = 0.000000
see also

derivatives(), integrall(), integral2(), integral3(), integration2(), integration3().
References
Ridder, C. J. F.,, Advances in Engineering Software, 1982, vol. 4, no. 2, pp. 75-76. [2].

479



110:0000 — <numeric.h> derivatives

derivatives

Synopsis
#include <numeric.h>
array double derivatives(double (*func)(double), double x[&], ... /* [double &err], [double h] */)[:];

Syntax

derivative(func, x)
derivative(func, x, &err)
derivative(func, x, &err, h)

Purpose
Calculate derivatives of a function numerically at multiple points.

Return Value
This function returns an array of derivative values of function func at points x[&].

Parameters

func Function its derivatives are calculated.
x A series of points in which derivatives are calculated.
err An estimated error in the derivative which will return as err if the user specified.

h An initial estimated step size. It does not have to be small, but rather should be an increment in x over
which func changes substantially. If the user do not specify this value, the value of 0.02 x z or 0.0001
(if x < 0.0001) is used by default.

Description

The function taking derivative, func, is specified as a pointer to a function that takes an array of double
data as an argument and returns an array double values at x[&]. The values of x can be of any real type.
Conversion of the data to double is performed internally. The return value is an array of derivatives of the
function at points specified by array x. If the optional argument 4 is specified, which shall be double data
type, the derivative uses initial step size of 4. Otherwise it uses the default value. Optional argument err
shall be a double data and it means the estimate of the error in the derivate. This helps the user to estimate
the result.

Algorithm

Using a for-loop to evaluate the derivative values specified in array x and in the loop using the same algo-
rithm as derivative().
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Example
Take the derivatives of function

f(x) = z xsin(zx) * cos(x)

at 36 different positions meanly spaced between 0 and 27.
Analytically, the first derivative of this function is

f'(z) = 0.5 x sin(2x) + x cos(2z)

#include <stdio.h>
#include <math.h>
#include <chplot.h>
#include <numeric.h>

#define N 36

double func (double x) {
return xxsin(x)xcos(x);

int main() {

array double x[N], y[N], yprime[N];

double err, h;

int 1i;

class CPlot plot;

linspace(x, 0, 2xM_PI);

printf (" X derivative () value Cal. value\n");
// /+ Specify the initial step h and return estimate error =*/

// yprime =derivatives (func, x, &err,0.8);
yprime =derivatives (func, x); /* use default step value and do not return err x/

fevalarray (y, func, x) ;

for (i=0; 1i<2; i++)

printf("$12.6f %$12.6f $12.6f\n",x[i],yprime[i],
(0.5%sin (2*xx[1])+x[1]*cos (2*x[1])));
printf("  -———-—— \n") ;
for (i=34; 1<36; i++)
printf ("$12.6f $12.6f %$12.6f\n",x[1],yprime[i],
(0.5*sin(2+xx[1])+x[1]*cos (2*x[1])));

plot.label (PLOT_AXIS_X,"x");
plot.label (PLOT_AXIS_Y,"f(x) & d(f(x))/dx");
plot.data2D (x,V);
plot.data2D (x,yprime);
plot.legend("f(x)",0);
plot.legend("d(f(x))/dx",1);
plot.plotting();

}

Output
x derivative () value Cal. value
0.000000 0.000000 0.000000
0.179520 0.343760 0.343760
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6.103666 5.538781 5.538781
6.283186 6.283187 6.283187
8 T
func(x)
d(f(x))/dx
6L i
4 F i
3 — .
g0 < 7
~ 7 /
2t / 1
4 F i
% L L L L L L

see also

derivative(), integrall(), integral2(), integral3(), integration2(), integration3().
References
Ridder, C. J. F.,, Advances in Engineering Software, 1982, vol. 4, no. 2, pp. 75-76.
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determinant

determinant

Synopsis
#include <numeric.h>

double determinant(array double a[&][&]);

Purpose

Calculate the determinant of a matrix.

Return Value

This function returns the determinant of matrix a.

Parameters

a The input matrix.

Description

The function determinant() returns the determinant of matrix a. If the input matrix is not a square matrix,

the function will return NaN.

Example

Calculate the determinant of matrices with different data type.

#include <numeric.h>

int main() {
array double a[2][2] = {2, 4,
3, 7};
/x a2 is an ill-detition matrix
array double az2[2][2] = {2, 4,
2.001,
/* a3 is singular =*/
array double a3[2][2] = {2, 4,
4, 8};
array float b[2][2] = {2, 4,
3, 7};
array double c[3]1[3] = {-1,5,6,
3,-6,1,
6,8, 9}
array double d[3][3] = {2,1,-2,
4,-1,2,
2,-1,1}
double det;
det = determinant (a);
printf ("determinant (a) = %g\n",
det = determinant (a2);
printf ("determinant (a2) = %g\n",
det = determinant (a3);
printf ("determinant (a3) = %g\n",
det = determinant (b);
printf ("determinant (b) = %g\n",

*/

4.0001};

; /% n-by-n matrix */

; /* n-by-n matrix =/

det) ;
det) ;
det) ;

det) ;
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det = determinant (c);
printf ("determinant (c) =
det = determinant (d);

printf ("determinant (d) =

}

Output

determinant (a) = 2
determinant (a2) = -0.0038
determinant (a3) = -0
determinant (b) = 2
determinant (¢) = 317
determinant (d) = 6

See Also

cdeterminant(), inverse(), diagonal(), ludecomp(), rcondnum().

References

%g\l’l",

$g\n",

det) ;

det) ;

determinant

E. Anderson, et al, LAPACK Users’ Guide, Society for Industrial and Applied Mathematics, Philadelphia,

1992.
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diagonal

Synopsis
#include <numeric.h>
array double diagonal(array double a[&][&], ... /* [int k] */)[:];

Syntax
diagonal(a);
diagonal(q, k);

Purpose
Form a vector with diagonals of a matrix.

Return Value
This function returns a column vector formed from the elements of the kth diagonal of the matrix a. By
default, k is O.

Parameters

a An input matrix.
k An input integer indicating which element the vector is formed from.

Description
The function diagonal() produces a colum vector formed from the elements of the kth diagonal of the matrix

a.

Examplel

#include <numeric.h>
int main() {

array double a[3][3] = {1, 2, 3,
4, 5, 6,
T, 8, 9};

int n =3, k = 1;
array double d[n], d2[n-(abs(k))];

d = diagonal (a);
printf ("diagonal (a) = %$f\n", d);

d2 = diagonal(a, k);

printf ("diagonal (a, 1) = %f\n", d2);
k = -1;
d2 = diagonal (a, k);
printf ("diagonal (a, -1) = $f\n", d2);
}
Outputl
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diagonal(a) = 1.000000 5.000000 9.000000

diagonal(a, 1) = 2.000000 6.000000
diagonal(a, -1) = 4.000000 8.000000
Example2
#include <numeric.h>
int main() {
array double a[4]1[3] = {1, 2, 3,
4, 5, 6,
7’ 8/ 9/
4, 4, 4};
int m=4, n = 3, kl =1, k2 = -1;
array double d[min(m, n)];
array double dl[min(m, n-k1)];
array double d2[min(m+k2, n)];
d = diagonal (a);
printf ("diagonal (a) = $f\n", d);
dl = diagonal (a, k1);
printf ("diagonal(a, 1) = %f\n", dl);
d2 = diagonal (a, k2);
printf ("diagonal (a, -1) = %$f\n", d2);

}

Output2

diagonal(a) = 1.000000 5.000000 9.000000

diagonal(a, 1) = 2.000000 6.000000
diagonal(a, -1) = 4.000000 8.000000 4.000000
Example3
#include <numeric.h>
int main () {
array double a[3]1[4] = {1, 2, 3, 4,
5, 6, 7, 8,
9, 4, 4, 4};
int m=3, n =4, k1 =1, k2 = -1;
array double d[min(m, n)];
array double dl[min(m, n-k1)];
array double d2[min (m+k2, n)];
d = diagonal (a);
printf ("diagonal (a) = %$f\n", d);
dl = diagonal (a, k1);
printf ("diagonal (a, 1) = %f\n", dl);
d2 = diagonal (a, k2);
printf ("diagonal (a, -1) = $f\n", d2);
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Output3

diagonal(a) = 1.000000 6.000000 4.000000

diagonal(a, 1) = 2.000000 7.000000 4.000000
diagonal(a, -1) = 5.000000 4.000000

See Also

diagonalmatrix().

cdiagonal(), cdiagonalmatrix().

References
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diagonalmatrix

Synopsis
#include <numeric.h>
array double diagonalmatrix(array double v[&], ... /* [int k] */)[:][:];

Syntax
diagonalmatrix(v)
diagonalmatrix(v, k)

Purpose
Form a diagonal matrix.

Return Value
This function returns a square matrix with specified diagonal elements.

Parameters

v An input vector.
k An input integer indicating specified diagonal elements of the matrix.

Description

The function diagonalmatrix() returns a square matrix of order n + abs(k) , with the elements of v on the
kth diagonal. k¥ = O represents the main diagonal, £ > 0 above the main diagonal, and ¥ < 0 below the
main diagonal.

Example

#include <numeric.h>

int main() {
array double v[3] = {1,2,3};
int n = 3, k;
array double aln][n];

a = diagonalmatrix(v);
printf ("diagonal matrix a =\n%f\n", a);

k = 0;

a = diagonalmatrix(v,k);

printf ("diagonalmatrix(a, 0) =\n%f\n", a);

k =1;

array double a2[nt+abs (k)] [n+tabs(k)];

a2 = diagonalmatrix(v,k);

printf ("diagonalmatrix (a2, 1) =\n%f\n", a2);
k = -1;

array double a3[n+abs (k)] [n+abs(k)];

a3 = diagonalmatrix (v, k);
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printf ("diagonalmatrix (a3, -1) =\n%$f\n", a3);

Output

diagonal matrix a =

1.000000 0.000000 0.000000
0.000000 2.000000 0.000000
0.000000 0.000000 3.000000

diagonalmatrix(a, 0) =

1.000000 0.000000 0.000000
0.000000 2.000000 0.000000
0.000000 0.000000 3.000000

diagonalmatrix (a2, 1) =

0.000000 1.000000 0.000000 0.000000
0.000000 0.000000 2.000000 0.000000
0.000000 0.000000 0.000000 3.000000
0.000000 0.000000 0.000000 0.000000
diagonalmatrix (a3, -1) =

0.000000 0.000000 0.000000 0.000000
1.000000 0.000000 0.000000 0.000000
0.000000 2.000000 0.000000 0.000000
0.000000 0.000000 3.000000 0.000000

See Also
cdiagonalmatrix(), diagonal() cdiagonal().

References
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difference

Synopsis
#include <numeric.h>
array double difference(array double a[&])[:];

Purpose
Calculate differences between the adjacent elements of an array.

Return Value
This function returns the array of differences of adjacent elements of array a.

Parameters

a The input array.

Description
The function difference() calculates the differences of adjacent elements of an array. The input array can be
of any arithmetic data types.

Example
Calculate the differences of the adjacent elements of the arrays with different data types.

#include <numeric.h>

#define N 6

int main() {
array double a[N] = {1, 2, 10, 4, 5, 6};
array float f[N] = {1, 2, 10, 4, 5, 6};
array double d[N-1];

d = difference(a);
printf ("difference(a) = %$f\n", d);
d = difference (f);

printf ("difference (f)

$f\n", d);
}

Output

difference (a) 1.000000 8.000000 -6.000000 1.000000 1.000000

difference(f) = 1.000000 8.000000 -6.000000 1.000000 1.000000

See Also
derivative(), derivatives(), sum(), product().

References
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dot

Synopsis
#include <numeric.h>
double dot(array double a[&], array double b[&]);

Purpose
Calculate the dot product of a vector.

Return Value
This function returns the dot product of two vectors.

Parameters
a An input one-dimensional array.
b Another input one-dimensional array.

Description

The function calculates the dot product of two vectors. The number of elements of two vectors should be
the same. Otherwise the function returns NaN.

Example

#include <numeric.h>

int main() {
array double al[4] = {1, 2, 3, 4};
array double b[ 1 = {1, 2, 3, 4};
double dotprod;
dotprod = dot (a, b);
printf ("dot (a,b) = %$f\n", dotprod);

}
Output

dot (a,b) = 30.000000

See Also
cross().

References
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eigen

Synopsis

#include <numeric.h>

int eigen(... /* array double [complex] a[:][:], array double [complex] evalues]:],
array double [complex] evecrors[:][:], string_t mode] */);

Syntax

eigen(a, evalues); eigen(a, evalues, evectors); eigen(a, evalues, evectors, mode);
Purpose

Find eigenvalues and eigenvectors.

Return Value
This function returns O on success and -1 on failure.

Parameters

a Input square matrix for which the eigenvalues and eigenvectors are calculated.
evalues Output one-dimensional array which contains the calculated eigenvalues.
evectors Output square matrix which contains the calculated eigenvectors.

mode The optional string_t mode used to specify if using a preliminary balancing step before the calculation
of eigenvalues and eigenvectors.

Description

This function calculates the eigenvalues and eigenvectors of n-by-n matrix a so that axv = Axv, where A and
v are the vector of eigenvalues and eigenvectors, respectively. The computed eigenvectors are normalized
so that the norm of each eigenvector equals 1. mode is used to specify if a preliminary balancing step
before the calculation is performed or not. Generally, balancing improves the condition of the input matrix,
enabling more accurate computation of the eigenvalues and eigenvectors. But, it also may lead to incorrect

eigenvectors in special cases. By default, a preliminary balancing step is taken.

Examplel

This example calculates the eigenvalues and eigenvectors of a non-symmetrical matrix. The eigenvalues of
this matrix is real number. The formula a * v — evalues * v is calculated to verify the results.

#include <numeric.h>
#define N 5

int main() {

array double a[5][5] = {2, 30, 100, 1000, 10000,
0.3, 1, 10, 100, 1000,
0.04, 0.1, 1, 10, 100,
0.001, o0.01, 0.1, 1, 10,

0.0002, 0.003, 0.01, 0.1, 1%;
array double evalues|[N];
array double evectors[N] [N];
array double *v, vv[N]|[N];
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int i, status;

eigen(a, evalues, evectors);
printf ("eigennvalues of a =\n%e\n", evalues);
printf ("eigenvectors of a =\n%e\n", evectors);

eigen(a, evalues, evectors, "nobalance");
printf ("no balance: eigennvalues of a =\n%e\n", evalues);
printf ("no balance: eigenvectors of a =\n%e\n", evectors);

vv = transpose (evectors);
for (i=0; i<N; 1i++) {
v = (array double [:]) (double ([N])&vv[i][0];
printf ("Axv-evalues[i]*v = $f\n", axv-evalues[i]*V);
}
}
Outputl

eigennvalues of a =
7.327477e+00 -1.508424e+00 1.809473e-01 -1.555781le-15 2.032652e-16

eigenvectors of a =

-9.959858e-01 -9.945522e-01 -9.966546e-01 -7.564396e-14 4.879875e-14
-8.892060e-02 1.028639e-01 -5.396722e-02 -9.891903e-15 -2.815928e-14
-1.025131e-02 1.687971e-02 -6.047655e-02 9.948856e-01 8.268104e-01
-6.173564e-04 -2.900250e-04 1.047629e-02 -1.010080e-01 5.588107e-01
-9.959858e-05 -9.945522e-05 -9.966546e-05 1.519397e-04 -6.414918e-02

no balance: eigennvalues of a =
7.327477e+00 1.809473e-01 -1.508424e+00 1.227397e-15 -4.649855e-16

no balance: eigenvectors of a =

.959858e-01 9.966546e-01 -9.945522e-01 1.586027e-13 -2.911653e-16
.892060e-02 5.396722e-02 1.028639%9e-01 2.746367e-15 -1.029631e-14
.025131e-02 6.047655e-02 1.687971e-02 9.842796e-01 9.714797e-01
.173564e-04 -1.047629e-02 -2.900250e-04 -1.764452e-01 -2.367118e-01
.959858e-05 9.966546e-05 -9.945522e-05 7.801720e-03 1.395638e-02

O o~ 00 W

Axv-evalues[i]*v -0.000000 0.000000 0.000000 0.000000 -0.000000
Axv—-evalues[i]xv = 0.000000 0.000000 0.000000 0.000000 -0.000000

0.000000 0.000000 0.000000 0.000000 0.000000

Axv—-evalues[1]*Vv

Axv-evalues[i]*v 0.000000 0.000000 0.000000 0.000000 0.000000

Axv-evalues[i]*v -0.000000 0.000000 0.000000 0.000000 -0.000000

Example2
The eigenvalues and eigenvectors of symmetrical and non-symmetrical matrices are calculated. The sym-
metrical matrix has real eigenvalues and a non-symmetrical matrix has real or complex eigenvalues.

/* File: eigen_1.ch

Find eigenvalues and eigenvectors x/
#include <numeric.h>
int main() {
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}

/* eigenvalues of a symmtrical matrix are always real numbers =/
array double a[3][3] = {0.8, 0.2, 0.1,
0.2, 0.7, 0.3,
0.1, 0.3, 0.6};
/+ eigenvalues of a non-symmtrical matrix can be either real numbers or
complex numbers =/
/* this non-symmtrical matrix has real eigenvalues x*/
array double a2[3][3] = {0.8, 0.2, 0.1,
0.1, 0.7, 0.3,
0.1, 0.1, 0.6};
/* this non-symmtrical matrix has complex eigenvalues and eigenvectorsx/

array double a3[3]1[3] = {3, 9, 23,
2, 2, 1,
=7, 1, -9};

array double evalues[3],evectors[3][3];
array double complex zevalues[3], zevectors[3]I[3];

eigen(a, evalues);

printf ("evalues =\n%f\n", evalues);
eigen (a2, evalues);

printf ("evalues =\n%f\n", evalues);
eigen (a2, zevalues, evectors);

printf ("zevalues =\n%f\n", zevalues);
printf ("evectors =\n%f\n", evectors);
eigen (a3, evalues);

printf ("evalues =\n%f\n", evalues);
eigen (a3, zevalues, zevectors);
printf ("evalues =\n%f\n", zevalues);
printf ("evectors =\n%f\n", zevectors);

Output2

evalues =
1.108807 0.652624 0.338569

evalues =
1.000000 0.600000 0.500000

zevalues =

complex (1.000000,0.000000) complex(0.600000,0.000000) complex(0.500000,0.000000)

evectors =

-0.744845 -0.707107 0.408248
-0.579324 0.707107 -0.816497
-0.331042 0.000000 0.408248

evalues

NaN NaN 3.241729

evalues =
complex (-3.620864,10.647303) complex(-3.620864,-10.647303) complex(3.241729,0.000000)

evectors =

complex (0.854461,0.000000) complex(0.854461,0.000000) complex(0.604364,0.000000)

eigen

complex (-0.024440,-0.125397) complex(-0.024440,0.125397) complex(0.744064,0.000000)
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complex (-0.236405,0.444621) complex(-0.236405,-0.444621) complex(-0.284803,0.000000)

Example3
The eigenvalues and eigenvectors of real and complex matrices are calculated in this example.

#include <numeric.h>

int main() {
array double complex a[3][3] = {0.8, 0.2, 0.1,
0.1, 0.7, 0.3,
0.1, 0.1, 0.6};
array double complex a2[3][3] = {complex(0.8,-1), 0.2, 0.1,

0.1, 0.7, 0.3,
0.1, 0.1, 0.6};
/* this non-symmtrical matrix has complex eigenvalues and eigenvectorsx/
array double complex a3[3][3] = {3, 9, 23,
2, 2, 1,
-7, 1, -9};

array double complex evalues|[3];
array double complex evectors([3][3];

eigen(a, evalues, evectors);
printf ("eigenvalues of a =\n%f\n", evalues);
printf ("eigenvectors of a =\n%f\n", evectors);

eigen (a2, evalues, evectors);

printf ("eigenvalues of a =\n%f\n", evalues);
printf ("eigenvectors of a =\n%f\n", evectors);
eigen (a3, evalues, evectors);

printf ("eigenvalues of a =\n%f\n", evalues);

printf ("eigenvectors of a =\n%f\n", evectors);

}
Output3

eigenvalues of a =
complex (1.000000,0.000000) complex(0.600000,0.000000) complex(0.500000,0.000000)

eigenvectors of a =

complex (0.744845,0.000000) complex(-0.707107,0.000000) complex(-0.408248,0.000000)
complex (0.579324,0.000000) complex(0.707107,0.000000) complex(0.816497,0.000000)
complex (0.331042,0.000000) complex (0.000000,0.000000) complex(-0.408248,0.000000)

eigenvalues of a =
complex (0.796911,-0.968453) complex(0.832118,-0.037024) complex(0.470970,0.005477)

eigenvectors of a =
complex (0.989164,0.000000) complex(0.003912,-0.225655) complex(-0.025122,-0.090331)

complex (-0.019749,0.106886) complex(0.891481,0.000000) complex(0.794571,0.000000)
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complex (0.008946,0.098280) complex(0.391299,-0.034802) complex(-0.598227,0.044616)

eigenvalues of a =
complex (-3.620864,10.647303) complex(-3.620864,-10.647303) complex(3.241729,-0.000000)

eigenvectors of a =
complex (0.854461,0.000000) complex(0.854461,0.000000) complex(0.604364,0.000000)
complex (-0.024440,-0.125397) complex(-0.024440,0.125397) complex(0.744064,0.000000)

complex (-0.236405,0.444621) complex (-0.236405,-0.444621) complex(-0.284803,-0.000000)
See Also

balance(), choldecomp(), hessdecomp().

References

E. Anderson, et al, LAPACK Users’ Guide, Society for Industrial and Applied Mathematics, Philadelphia,
1992.
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eigensystem

Synopsis

#include <numeric.h>

int eigensystem(array double complex evalues[&], array double complex evectors[&][&],
array double complex a[&][&], ... /* [string_t mode] */);

Syntax

eigensystem(evalues, NULL, a); eigensystem(evalues, evectors, a);

Purpose

Find eigenvalues and eigenvectors. This function is obsolte. Use function eigen().

Return Value
This function returns 0 on success and -1 on failure.

Parameters

evalues Output one-dimensional array which contains the calculated eigenvalues.
evectors Output square matrix which contains the calculated eigenvectors.
a Input square matrix for which the eigenvalues and eigenvectors are calculated.

mode The optional string_t mode used to specify if using a preliminary balancing step before the calculation
of eigenvalues and eigenvectors.

Description

This function calculates the eigenvalues and eigenvectors of n-by-n matrix a so that axv = Axv, where A and
v are the vector of eigenvalues and eigenvectors, respectively. The computed eigenvectors are normalized
so that the norm of each eigenvector equals 1. mode is used to specify if a preliminary balancing step
before the calculation is performed or not. Generally, balancing improves the condition of the input matrix,
enabling more accurate computation of the eigenvalues and eigenvectors. But, it also may lead to incorrect
eigenvectors in special cases. By default, a preliminary balancing step is taken.

See Also
eigen().

References

E. Anderson, et al, LAPACK Users’ Guide, Society for Industrial and Applied Mathematics, Philadelphia,
1992.
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expm

Synopsis
#include <numeric.h>
int expm(array double complex y/& /[ &], array double complex x/& /[ & ]);

Syntax
expm(y, x)

Purpose
Computes the matrix exponential.

Return Value
This function returns O on success and -1 on failure.

Parameters

x Input square matrix. It contains data to be calculated.
y Output square matrix which contains data of the result of x exponential.

Description

This function computes the matrix exponential of the input matrix x using a scaling and squaring algorithm
with a Pade approximation. If any of the eigenvalues of input matrix x are positive, the output matrix y is a
real matrix. If x has nonpositive eigenvalues, the results y shall be a complex matrix.

Example
Calculation of exponentials of real and complex matrix.

#include <numeric.h>

int main() {
array double x[3]1[3]={1,2,3,
3,4,5,
6,7,8};
array double complex zx[3][3]={complex(l,1),complex(2,2),0,
3,complex(4,1),complex(2,5),
0,0,0};

array double complex zy[3][3];
array double yI[3][3];

expm(y, x);
printf ("x = \n%f",x);
printf ("y = \n%f",y);
printf ("\n");

expm(zy, zx) ;

printf ("zx \n%5.1f", zx);
printf("zy = \n%5.1f",zy);
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Output

.000000 2.000000 3.000000

.000000 4.000000 5.000000

.000000 7.000000 8.000000

y =

157372.953093 200034.605129 242697.257164
290995.910241 369883.552084 448769.193928
491431.845963 624654.472518 757878.099072

o W X

ZX =

complex ( 1.0, 1.0) complex( 2.0, 2.0)
complex( 3.0, 0.0) complex( 4.0, 1.0)
complex( 0.0, 0.0) complex( 0.0, 0.0)
zy =

complex (-44.9, 56.8) complex(-87.5, 70.9)
complex (-12.5,118.7) complex(-57.4,175.5)
complex ( 0.0, 0.0) complex( 0.0, 0.0)

See Also
logm(), funm(), cfunm(), sqrtm().

References

complex( 0.0,
complex( 2.0,
complex( 0.0,

complex (-101.5,-18.9)

complex (-155.5,
complex( 1.0,

67.8)
0.0)

expm

G. H. Golub, C. F. Van Loan, Matrix Computations Third edition, The Johns Hopkins University Press,

1996
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factorial

Synopsis
#include <numeric.h>
unsigned long long factorial(unsigned int 7);

Purpose
Calculate factorial of an unsigned integer.

Return Value
This function returns factorial of integer n.

Parameters

n Input unsigned integer.

Description
The function factorial calculates the product of all the integers from 1 to n. The factorial is defined as

f=nl
Example

#include <numeric.h>
int main() {
unsigned long long f;

f = factorial(3);

printf ("factorial (3) = %$1lul\n", factorial(3));
}

Output

factorial(3) = 6

See Also
combination().

References
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fevalarray

Synopsis

#include <numeric.h>

int fevalarray(array double &y, double (*func)(double x), array double &x, ... /* [array int &mask,
double value] */);

Syntax
fevalarray(y, func, x)
fevalarray(y, func, x, mask, value)

Purpose
Array function evaluation.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

y An output array which contains the result of function evaluation.
x An input array at which the function values will be evaluated.
func A pointer to function given by the user.

mask An input array of integer. If the value of an element of array mask is 1, the function evaluation will
be applied to that element. If the value of an element of array is 0, the value from the optional fifth
argument value will be used for that element.

value The default value used to replace the function evaluation when the entry of mask is 0.

Description
This function evaluates a user function applied to each element of the input array x. The input array can be
of any arithmetic data type and dimension.

Example
Evaluation of function f(x) = z? for arrays of different dimensions.

#include <numeric.h>
#define N 4
#define M 5

double func (double x) {
return x*x;

}

int main() {

array double y1[N], x1 [N];
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array float y2([N][M], x2[N][M]; /* diff data types,
array int maskl[N] = {1, 0, 1, O0};

linspace(x1l, 1, N);
fevalarray(yl, func, x1);
printf("yl = %f\n", y1l);

linspace (x1, 1, N);
fevalarray(yl, func, x1, maskl, -1);
printf ("yl = %f\n", vy1l);

linspace (x2, 1, N=xM);

fevalarray(y2, func, x2);

printf ("y2 = %$f\n", y2);
}

Output

yl 1.000000 4.000000 9.000000 16.000000

yl = 1.000000 -1.000000 9.000000 -1.000000

y2 = 1.000000 4.000000 9.000000 16.000000 25.000000
36.000000 49.000000 64.000000 81.000000 100.000000

121.000000 144.000000 169.000000 196.000000 225.000000
256.000000 289.000000 324.000000 361.000000 400.000000

See Also
cfevalarray(), streval().

References
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fft

fft

Synopsis
#include <numeric.h>

int fft(array double complex &y, array double complex &x, ... /* [int n [int dim[&]]] */);

Syntax

fft(y, x)

fft(y, x, n)
fft(y, x, dim);

Purpose
N-dimensional Fast Fourier Transform (FFT) calculation.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

y Result of FFT, the same dimension and size array as x.

x An n-dimensional array of data used for FFT.

n Optional argument, user specified FFT points for one-dimensional data.

dim A one-dimensional array of optional arguments with int type. It contains user specified FFT points.

Each element corresponds to data in that dimension. For example, there is a three-dimensional data

x[m][n][l]. The FFT points of the array is specified by m,n, . Then the array dim is given values of

dim[0] = m,dim[1] = n and dim[2] = .

Description

The multi-dimensional (maximum dimension is three) array x can be of any supported arithmetic data type

and size. Conversion of the data to double complex is performed internally. Array y with the same dimension

as array x contains the result of the fast Fourier transform. The optional argument n of int type is used to

specify the number of points for FFT of one-dimensional data For multi-dimensional data, The optional

array argument dim of int type. contains the value for user specified FFT points. The dimensions of the

input array x are contained in array dim. If no optional argument is passed, the number of FFT points is

obtained from the input array x.

Algorithm

Mixed-radix Fast Fourier Transform algorithm developed by R. C. Singleton (Stanford Research Institute,
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Sept, 1968). A discrete Fourier transform is defined by

N-1 ..
. —2mign
7=0

and the inverse discrete Fourier transform is defined by

2mign

N-1
Z(n):ZX(j)exp( )7(n20717"'7N_1);
7=0

satisfying the condition of Z(j) = NX(j),(j = 0,1,---, N — 1). Function fft() evaluates these sums
using fast Fourier transform technique. It is not required that /N be a power of 2. One-, two-, and three-
dimensional transforms can be performed.

Example 1
This example illustrates the use of the FFT. There is a signal

9e %% +>0
t) = =
1(#) {0 t<0

Analytically, the Fourier transform of function f(t) is given by

9
94 jw

F(w)

This example illustrates an approach to estimate the Fourier transform of less common signals because the
sample frequency is limited. In this example, total 256 points of signal are sampled in 4 seconds. So the
sample rate is 256/4 = 64Hz.

#include <stdio.h>
#include <math.h>
#include <chplot.h>
#include <numeric.h>

#define N 256 /* total sample points */
fdefine M 4 /* sample time, 4 seconds */
int main() {

int i;

array double t[N], f[N], E[N/2], W[N/2+1],y[2][N/2+1];
array double complex F[N], Fp[N/2+1], Fa[N/2+1];
double Ts, Ws;

linspace(t, 0, M);
f = 9xexp (-9xt);

Ts = t[1] - t[0];
Ws = 2+*M_PI/Ts;
fft(F, f);

linspace (W,0,N/2);

W = WxWs/Nj;

for (i=0; 1i<N/2+1; i++) {
Fpli] = F[i]+Ts;
Fal[i] = 9.0/ (9+W[i]+complex(0,1));
y[0][i] = abs(Fpl[il]);
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y[1]1[i] = abs(Falil);
}
plotxy (W,y, "FFT example", "Frequency, Rad/s","|F(w) |, dB");

Output
1.2 T
FFT result
Analytical result
\
\
1F B
0.8 ‘ B
\\
@ \
= \
T 06 \ E
z \
\
\
\
04 \ 1
02| \\\\\\ i
S~
0 Il Il Il Il
0 50 100 150 200 250
Frequency, Rad/s
Example 2

This example shows the one-dimensional fft usage. When the optional argument n is specified, it takes n
points FFT. If it is not specified, a total number of elements of x is taken to FFT by default.

#include <stdio.h>
#include <math.h>
#include <numeric.h>

#define N 16
#define M 4

int main () {
int i, Jj,k, retval;
array double x1[N];
array double complex y1[N],y2[M],x2[N],x3[M];
int n = M;

linspace(x1l, 0, 1);

fft (yvl,x1);

ifft(x2,vy1l);

printf ("FFT number of points by default\n");

printf ("Original data FFT result FFT + iFFT result\n");
for (i=0; i<N; i++)

printf ("$5.3f %5.3f %5.3f\n",x1[i],y1[1i],x2[1]);

printf ("FFT number of points is specified by n=%d\n",n);
fft(y2,x1,n);

ifft (x3,y2,n);

printf ("\n\nOriginal data FFT result FFT 4+ iFFT result\n");
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for (i=0; i<M;
printf ("$5.3f
}

Output

i++)
$5.3f

%5.3f\n", x1[1i],y2[1],x3[i]);

FFT number of points by default

Original data FFT result FFT + iFFT result
0.000 complex(8.000,0.000) complex (-0.000,-0.000)
0.067 complex(-0.533,-2.681) complex (0.067,0.000)
0.133 complex(-0.533,-1.288) complex (0.133,-0.000)
0.200 complex(-0.533,-0.798) complex (0.200,0.000)
0.267 complex(-0.533,-0.533) complex (0.267,0.000)
0.333 complex(-0.533,-0.356) complex (0.333,0.000)
0.400 complex(-0.533,-0.221) complex (0.400,-0.000)
0.467 complex(-0.533,-0.106) complex (0.467,0.000)
0.533 complex(-0.533,0.000) complex (0.533,0.000)
0.600 complex(-0.533,0.106) complex (0.600,0.000)
0.667 complex(-0.533,0.221) complex (0.667,0.000)
0.733 complex(-0.533,0.356) complex (0.733,0.000)
0.800 complex(-0.533,0.533) complex (0.800,0.000)
0.867 complex(-0.533,0.798) complex (0.867,0.000)
0.933 complex(-0.533,1.288) complex (0.933,0.000)
1.000 complex(-0.533,2.681) complex (1.000,-0.000)
FFT number of points is specified by n=4

Original data FFT result FFT + iFFT result

0.000 complex(0.400,0.000) complex (0.000,0.000)

0.067 complex(-0.133,-0.133) complex (0.067,0.000)
0.133 complex(-0.133,0.000) complex (0.133,0.000)
0.200 complex(-0.133,0.133) complex (0.200,0.000)

(
(
(
(

Example 3

fft

This example shows the multi-dimensional fft usage. When the optional array argument dim is specified,
the value for each element is used to specify the number of elements for each dimension of the array for

performing FFT. If it is not specified, a total number of elements of x is taken to FFT by default.

#include <stdio.h>
#include <math.h>
#include <numeric.h>

#define N1 4
#define N2 3
#define M 3

int main() {
int i, 3, %k, retval;

array double complex x1[N1][N2],yl[N1][N2],x3[N1][N2];

array double complex y[M][M],x2[M][M];
int dim([2];

linspace (x1, 0, 1);
dim[0]=M;dim[1]=M;
fft(y,x1,dim);
dim[0]=M;dim[1]=M;
ifft(x2,y,dim);

printf ("Input data =\n");
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printf ("%5.3f",x1);

printf ("\nFFT result data =\n");

printf ("$5.3£f",v);

printf ("\nFFT + iFFT result data =\n");
printf ("$5.3£f",x2);

fft (yl,x1);
ifft(x3,y1);

printf ("\n\nInput data =\n");
printf ("$5.3f",x1);
printf ("\nFFT result data =\n");
printf ("$5.3€",y1);
printf ("\nFFT + iFFT result data =\n");
printf ("$5.3f",x3);
}

Output

Input data =

complex (0.000,0.000) complex(0.091,0.000) complex(0.182,0.000)
complex (0.273,0.000) complex(0.364,0.000) complex(0.455,0.000)
complex (0.545,0.000) complex(0.636,0.000) complex(0.727,0.000)
complex (0.818,0.000) complex(0.909,0.000) complex(1.000,0.000)

FFT result data =

complex (3.273,0.000) complex(-0.409,-0.236) complex(-0.409,0.236)
complex (=1.227,-0.709) complex (0.000,0.000) complex(0.000,0.000)
complex (-1.227,0.709) complex (0.000,-0.000) complex(0.000,-0.000)

FFT + iFFT result data =

complex (0.000,0.000) complex(0.091,0.000) complex(0.182,0.000)
complex (0.273,0.000) complex(0.364,0.000) complex(0.455,0.000)
complex (0.545,0.000) complex(0.636,0.000) complex(0.727,0.000)

Input data =

complex (0.000,0.000) complex(0.091,0.000) complex(0.182,0.000)
complex (0.273,0.000) complex(0.364,0.000) complex(0.455,0.000)
complex (0.545,0.000) complex(0.636,0.000) complex(0.727,0.000)
complex (0.818,0.000) complex(0.909,0.000) complex(1.000,0.000)

FFT result data =

complex (6.000,0.000) complex(-0.545,-0.315) complex(-0.545,0.315)
complex (-1.636,-1.636) complex(0.000,-0.000) complex(0.000,-0.000)
complex (-1.636,0.000) complex(-0.000,-0.000) complex(-0.000,0.000)
complex (-1.636,1.636) complex(0.000,0.000) complex(0.000,0.000)

FFT + iFFT result data =

complex (-0.000,0.000) complex(0.091,0.000) complex(0.182,0.000)
complex (0.273,0.000) complex(0.364,0.000) complex(0.455,0.000)
complex (0.545,0.000) complex(0.636,0.000) complex(0.727,0.000)
complex (0.818,0.000) complex(0.909,0.000) complex(1.000,0.000)

See Also
ifft().
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References
R. C. Singleton, An Algorithm for Computing the Mixed Radix F. F. T., IEEE Trans, Audio Electroacoust.,

AU-1(1969) 93-107.
MJ Oleson, Netlib Repository at UTK and ORNL , go/fft-olesen.tar.gz, http://www.netlib.org.
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filter

Synopsis
#include <numeric.h>
int filter(array double complex v[&], array double complex u[&],
array double complex x[&], array double complex y[&], ...
/* [array double complex zi[&], [array double complex zf]{ &]] */);

Syntax
filter(v, u, x, y)
filter(v, u, x, y, zi, 7f)

Purpose
Filters the data in vector x with a filter represented by vectors u and v to create the filtered data y. The filter
is a direct form II transposed implementation of the standard difference equation:

yn) = wvoxz(n)+ovrxx(n—1)+ ...+ vy *xx(n—nb—1)

—up xy(n—1) — ... — upg *y(n —na — 1)

The input-output description of this filtering operation in the z-transform domain is a rational transfer func-
tion

gt vz b gzt

Vi) =
=) L+uiz7t 4 +upggz7me!

X(2)

Return Value
This function returns 0 on success and -1 on failure.

Parameters

v A vector of size nb. It contains the numerator of polynomial coefficients of the filter.

u A vector of size na. It contains the denominator of polynomial coefficients of the filter.
x A vector of size V. It contains the raw data.

y A vector of size N. It contains the filtered data.

zi A vector of size (max(na, nb) — 1). It contains initial delays of the filter.

7f A vector of size max(na, nb). It contains the final delays of the filter.

Description

The numerator coefficients with zeros of the system transfer function v, denominator coefficients with poles
of the system transfer function u, and vector x of input data can be of any supported arithmetic data type and
size. Conversion of the data to double complex is performed internally. The vector y which is the same size
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as x contains the result of filtered output. The optional arguments zi and zf are used to set the initial values of
delays and get the final delays of the filter. They shall be double complex data type. The leading coefficient
of denominator 1y must be non-zero, as the other coefficients are divided by uy.

Algorithm
The block diagram of the direct form II transposed implementation is shown in Figure 1.

x(m)

y(m)

u(na) e (1)

O 11.1: Direct form II transposed implementation

The operation of filter at sample m is given by the time domain difference equations

y(m) = wvoxr(m)+ zo(m — 1)
zo(m) = wviz(m)—ury(m) + z1(m — 1)
Zn—3(m) = vp_ox(M) — up—2y(m) + zp—2(m — 1)
Zn—2(m) = vp_12(m) — up—1y(m)
where n = max(na,nb) and m = 0,1, ---, N. Initial delay state zo(0), zo(1), - - -, z0(n — 2) are contained

in vector zi. Final delay states z(y_1)(0), z(nv—1)(1), andzy_1)(n — 1) are kept in vector zf.

Example 1
This example shows the usage of function of filter(), specification of the initial delays zi and the final delays
7f are passed back to the calling function.

#include <stdio.h>
#include <numeric.h>

#define N1 6 /* x array size x/
#define N2 1 /+* B term coefficient number =/
#define N3 4 /+ A term coefficient number =/

int main ()
{
int i,Jj,n,m;
array double complex x[N1],v[N2],u[N3],zi[N3-1],zf[N3-1];
array double x1[N1],v1[N2],ul[N3],y1[N1];
array double complex yI[N1l];
for (i=0;i<N1;i++) {

real (x[1])=1i+1;
imag(x[i])=1-1;
x1[i] = i+1;
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(1=0; 1<N3; i++) {
real (uf[i])=1i+1;
imag(u[i])=1i+1;
ul[i] = 1i+1;

for

}

for (i=0;i<N2;i++) {
v[i]l=i+1;

v1i[i] = 1i+1;

}
for (i1i=0;i<N3-1;1i++) {

zi[i]=1;

filter(v,u,x,y,zi,zf); /% User specified initial delays =/

printf ("u=%6.3f\n",u);

printf ("v=%6.3f\n",v);

printf ("x=%6.3f\n", x);

printf ("y=%6.3f\n",vy);

printf ("zi=%6.3f\n",zi);

printf ("z£f=%6.3f\n", zf);

filter(vl,ul,x1,yl); /* User did not specify initial delays =*/

printf ("ul=%6.3f\n",ul);

printf ("v1l=%6.3f\n",vl);

printf ("x1=%6.3f\n",x1);

printf ("y1=%6.3f\n",y1l);

return 0;
}
Output
u=complex( 1.000, 1.000) complex( 2.000, 2.000) complex( 3.000, 3.000)
complex( 4.000, 4.000)
v=complex ( 1.000, 0.000)
x=complex( 1.000,-1.000) complex( 2.000, 0.000) complex( 3.000, 1.000)
complex( 4.000, 2.000) complex( 5.000, 3.000) complex( 6.000, 4.000)
y=complex( 1.000,-1.000) complex( 0.000, 1.000) complex( 0.000, 0.000)
complex (-1.000, 0.000) complex( 6.000,-5.000) complex(-4.000, 9.000)
zi=complex( 1.000, 0.000) complex( 1.000, 0.000) complex( 1.000, 0.000)

zf=complex (-6.000,-3.000) complex(-12.000,-7.000) complex(16.000,-36.000)

ul= 1.000 2.000 3.000 4.000
vl= 1.000
x1l= 1.000 2.000 3.000 4.000 5.000 6.000
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yl= 1.000 0.000 0.000 0.000 5.000 -4.000

Example 2
This example shows how to use the FFT algorithm to find the spectrum of signals which is buried in noises
and use the filter algorithm to filter unwanted signals.

#include <stdio.h>
#include <math.h>
#include <chplot.h>
#include <numeric.h>

fdefine N 512

int main() |
array double t[N], x[N], yI[N], Pyy[N/2], f£[N/2], ul7], vI[7];
array double complex Y[N];
int i;
class CPlot plot;

/+ The filter arguments u[i] and v[i] are designed according to the characteristic
of filter specified. In this example program, we use the designed filter to
filter the raw data. =/

ufl0]=1;ull]=-5.66792131;u([2]=13.48109005;u[3]1=-17.22250511;

ul4]1=12.46418230;u[5]=-4.84534157;u[6]1=0.79051978;

v[0]=0.00598202; v[1]=-0.02219918; v[2]=0.02645738; vI[3]1=0;

v[4]=-0.02645738;v[5]=0.02219918;v[6]=-0.00598202;

linspace (t,0,N-1);

t = t/N;
for (i=0; 1i<N; i++) {
x[1] = sin(2+«M_PI+5*t[1i]) + sin(2+«M_PI*15+t[i]) + sin(2+«M_PI*t[i]%30);

x[1]=x[1i]+3* (urand (NULL)-0.5);

filter(v,u,x,vy);

plotxy (t,x,"Time domain original signal","Time (second)","Magnitude ");
plotxy(t,y,"Time domain filtered signal","Time (second)","Magnitude ");
ffe (Y, x);
for (i=0; i<N/2; i++)

Pyyl[i] = abs(Y[i]);

linspace (£f,0,N/2);
plotxy (f,Pyy, "Frequency domain original signal","frequency (Hz)","Magnitude (db)");

ffe (Y, y);
for (i=0; 1i<256; i++)
Pyyl[i] = abs(Y[i]);

linspace (f,0,255);
plotxy (f,Pyy, "Frequency domain filtered signal", "frequency (Hz)","Magnitude (db)");

Output

This figure shows singals in the time domain. The figure on the left hand side is the original signals with
three sinusoidal components at frequency of 5, 15, 30 Hz which are buried in white noises. The figure on
the right hand side is signals after a sixth order IIR filter with a passband of 10 to 20 Hz. We hope to keep
the 15 Hz sinusoidal signals and get rid of the 5 and 30 Hz sinusoids and other white noise using a filter with

coefficients u# and v given in the program.
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The signals in the frequency domain are obtained by a fast Fourier transform algorthm using function

fft(). This figure shows the original and filtered signals in the frequency domain. The figure on the left hand

side shows the original signals with three separate main frequency spectrums and some noise frequency.

After filtering, the signals, as shown on the right hand side of the figure , contain mainly a frequency of 15

Hz and a few noise components.
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See Also
filter2().
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filter2

Synopsis

#include <numeric.h>

int filter2(array double complex y[&][&], array double complex u[&][&], array double complex x[&][&],
... I* [string_t method] */);

Syntax
filter2(y, u, x)
filter2(y, u, x, method);

Purpose
Two-dimensional Discrete Fourier Transform based FIR filter.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

y Two-dimensional array of filtered data.
u Two-dimensional array of size nu x mu of FIR filter.
x Two-dimensional array of size nx X ma of raw data.

method A string which describes the filter output method.

Description
Filter the data x with the 2-D FIR filter in the matrix u. By default, the result y is computed using 2-D
convolution with the same size as x. If option method is specified, y is computed via 2-D convolution with
size specified by “method”:
”same” - (default) returns the central part of the convolution that is the same size as x.
”valid” - returns only those parts of the convolution that are computed without the zero-padded edges,

the size of y is (nx — nu + 1) x (mx — mu + 1). The size of x must be bigger than the size of u.
’full” - returns the full 2-D convolution, that is the size of y is (nz + nu — 1) x (mx + mu — 1).

Algorithm
This function calls conv2(), the two-dimensional convolution function, to implement the filtering operation.

See conv2().

Example
In image processing, Sobel filter often used to smoothing image. Convoluting the original two-dimensional
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image data with Sobel mask

The image can be smoothed.

#include <math.h>
#include <chplot.h>
#include <numeric.h>

int main () {
int i, 3;

array double u([3][3]1={{1,2,1},1{2,4,2},{1,2,1}};
array double x[16],yI[16],z1[256],2z[16][16],Z2[18][18],21[256];

linspace (x,0,16);
linspace(y,0,16);
for (i=3; 1i<13; 1i++)
for (3=3; j<13; Jj++) {
z1l[ix1l6+3]=1;
z[1][3] = 1;
}
plotxyz (x,y,zl);
filter2(z,u,z,"full");
for(i = 0; 1i<16; i++)
for (3=0; Jj<16; J++)

Z1[i%16+3] = Z[i+1]1[j+1];

plotxyz(x,y,21);

Original image

Output
1
0.8
20.6
04 F
0.2
0
See Also

filter(), conv2().
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findvalue

findvalue()

Synopsis
#include <numeric.h>
int findvalue(array int y/ &/, array double complex &x);

Syntax
findvalue(y, x)

Purpose
Obtain indices of nonzero elements of an array.

Return Value

This function returns the number of nonzero elements of an array.

Parameters

y A vector the size of the total number of elements of array x. It contains the indices of nonzero elements

of array x.

x Any-dimensional input array which contains the original data.

Description

The original data array x can be of any supported arithmetic data type and extent sizes. The total number

of nonzero elements is returned by the function call of findvalue(). Vector y is of integer data type with

the total number of elements of x. It contains the indices of nonzero elements of array x. The remaining

elements of y contain a value of —1. If x is an array of complex data type, a zero element has a value of zero

for both its real and imaginary parts.

Example

#include <numeric.h>
int main() |
array double x1[5]={0,43.4,-7,-2.478,7};
]

array double x[4][2]={1,3,
2.45,8.56,
-3,5,
6,8};
array double complex zx[3][2]={complex(1l,1),0,

3,complex(4,1),

complex(1,0),complex(0,1)};

array int zyl[6], y1[5]1,yI[8];
int 1i,3;

j=findvalue (y1l,x1);
printf ("x1 = \n%f",x1);

printf ("Total %d of x1 are not eq. 0. They are located at yl = \n", Jj);

for (i=0; i<j; i++) printf("sd ",y1l[il);
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printf ("\n");
j=findvalue (y, x<2.0);

printf ("x = \n%f",x);
printf ("Total %d of x are less than 2.0. They are located at y = \n",3J);
for (i=0; i<j; 1i++) printf("sd ",yI[il]);

printf ("\n");
j=findvalue (zy, zx);

printf ("zx = \n%f", zx);
printf ("Total %d of zx are not eq. 0. They are located at zy = \n",3j);
for (i=0; i<3j; i++) printf ("%d ",zyI[il);

printf ("\n");
}

Output

x1l =

0.000000 43.400000 -7.000000 -2.478000 7.000000

Total 4 of x1 are not eqg. 0. They are located at yl =
1 2 3 4

x =

1.000000 3.000000

2.450000 8.560000

-3.000000 5.000000

6.000000 8.000000

Total 2 of x are less than 2.0. They are located at y =
0 4

zZX =

complex (1.000000,1.000000) complex(0.000000,0.000000)
complex (3.000000,0.000000) complex(4.000000,1.000000)
complex (1.000000,0.000000) complex(0.000000,1.000000)
Total 5 of zx are not eq. 0. They are located at zy =
0 2 3 4 5
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fliplr()

Synopsis
#include <numeric.h>
int fliplr(array double complex y/& ]/ &], array double complex x/ &/ &]);

Syntax
fliplr(y, x)

Purpose
Flip matrix in left/right direction.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

x Two-dimensional matrix which contains the original data.

y Two-dimensional matrix of the same data type and size as x, which contains the flipped result of input

matrix x.

Description
This function flips matrix x in the left/right direction with rows being preserved and columns flipped.

Example

#include <numeric.h>
int main() {
array double x[2][4]={1,3, 2.45,8.56,
3,5, 6,8};
array double complex zx[2][3]={complex(1,1),0,3,
complex (4,1), 6,0};
array double complex zy[2][3];
array double y[2][4];

fliplr(y,x)

printf ("x = \n%f",x);
printf("y = \n%f",y);
printf ("\n");

fliplr(zy, zx);

prlntf("zx = \n%5.1f", zx);

printf (" = \n%5 lf" y);
}

Output

518



110: 0000 — <numeric.h>

x =
1.000000
3.000000
vy =

8
8.000000

zX =
complex (
complex (
zy =
complex (
complex (

See Also

3.
5.

.560000 2.
6.

000000
000000

450000
000000

0, 1
0, 1
0, O
0, O

flipud(), rot90().

.450000 8.
.000000 8.

.000000 1.
.000000 3.

complex (
complex (

complex (
complex (

560000
000000

000000
000000

complex (
complex (

complex (
complex (
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flipud()

Synopsis
#include <numeric.h>
int flipud(array double complex y/& /[ & ], array double complex x/ & /[ & ));

Syntax
flipud(y, x)

Purpose
Flip matrix in up/down direction.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

x Two-dimensional matrix which contains the original data.

y Two-dimensional matrix of the same data type and size as x, which contains the flipped result of input
matrix x.

Description
This function flips matrix x in the up/down direction with columns being preserved and rows flipped.

Example

#include <numeric.h>
int main() {
array double x[4][2]={1,3,
2.45,8.56,
3,5,
6,8};
array double complex zx[3][2]={complex(1l,1),0,
3,complex(4,1),
6,0};
array double complex zy[3][2];
array double y[4]1[2];

flipud(y, x)
printf ("x = \nof" X) ;
printf ("y = \nof" y)i
printf ("\n")

flipud(zy, zx) ;
printf("zx = \n%5.1f", zx);
printf("zy = \n%5.1f",zy);
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Output

x =

1.000000 3.000000

2.450000 8.560000

3.000000 5.000000

6.000000 8.000000

y =

6.000000 8.000000

3.000000 5.000000

2.450000 8.560000

1.000000 3.000000

zZX =

complex( 1.0, 1.0) complex( 0.0, 0.0)
complex( 3.0, 0.0) complex( 4.0, 1.0)
complex( 6.0, 0.0) complex( 0.0, 0.0)
zy =

complex ( 6.0, 0.0) complex( 0.0, 0.0)
complex( 3.0, 0.0) complex( 4.0, 1.0)

complex( 1.0, 1.0) complex( 0.0, 0.0)

See Also
fliplr(), rot90().
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fminimum

Synopsis

#include <numeric.h>

int fminimum (double *fminval, double *xmin, double (*func)(double), double x0, double xf, ...
/* [ double rel_tol, double abs_tol] */);

Syntax

fminimum(fininval, xmin, func, x0, xf)
fminimum(fininval, xmin, func, x0, xf, rel_tol)
fminimum(fininval, xmin, func, x0, xf, rel_tolm, abs_tol)

Purpose
Find the minimum value of a one-dimensional function and its corresponding position for the minimum
value.

Return Value
This function returns O on success and -1 on failure.

Parameters
fminval A pointer to the variable which passes the calculated minimum value of the function.

xmin A pointer to the variable which contains the calculated position with the minimum value of the func-
tion.

func The function given by user for minimization.

x0 The beginning-point of the interval on which a minimum value is searched for.
xf The end-point of the interval on which a minimum value is searched for.
rel_tol The relative tolerance of the calculation.

abs_tol The absolute tolerance of the calculation.

Description

Determines a point between x0 and xf at which the real function func assumes a minimum value. The
function func given by the user has an argument for the x value input. The argument fminval passes the
calculated minimum value of the function. The argument xmin contains the position where the minimum
value of the function is found. The tolerance is defined as a function of x: |z|rel_tol + abs_tol, where rel_tol
is the relative precision and abs_tol is the absolute precision which should not be chosen equal to zero. The
default value for rel_tol and abs_tol is 1075,

Limitations
In the interval at which the function assumes a minimum value, it is assumed that for some point « either (a)
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func is strictly monotonically decreasing on [a,u) and strictly monotonically increasing on [u,b] or (b) these
two intervals may be replaced by [a,u] and (u,b] respectively.

Example
1 1

(x—0.3)240.01 (z—0.9)2+0.04
[0,0.8], [0.4,1] and [0,1] with the default value for tolerance. For interval [0,1] this function can only find

the local minimum at 0.892716. This example also finds the minimum of the function at the interval [0,0.8]

Find the minimum of the function f(z) = — — 6 at intervals [-1,0],

with the given tolerance rel_tol and abs_tol equal to 0.01.

#include <numeric.h>
#include <stdio.h>

double func (double x) {
double vy;
y = 1/((x-0.3)*(x-0.3)+0.01) + 1/((x-0.9)%(x-0.9)+0.04) - 6;
return -y;

int main () {
double x0, xf, rel_tol, abs_tol;
double func (double);
double xmin, fminval;
int status;
string_t title = "f =-1/((x-0.3)*(x-0.3)+0.01) - 1/((x-0.9)*(x-0.9)+0.04) + 6 ";

fplotxy (func, -1, 1, 50, title, "x", "y");

x0 = -1; xf = 0; /% fminimum is at 0.0 x/

status = fminimum(&fminval, &xmin, func, x0, xf);
printf ("Interval = [%3.2f, %3.2f]\n", x0, xf);
printf ("status = %d\n", status);

printf ("xmin = $f\n", xmin);

printf ("m = $f\n\n", fminval);

x0 = 0; xf = 0.8; /* fminimum is around 0.3 */

status = fminimum(&fminval, &xmin, func, x0, xf);
printf ("Interval = [%3.2f, %3.2f]\n", x0, xf);
printf ("status = %d\n", status);

printf ("xmin = $f\n", xmin);

printf ("m = $f\n\n", fminval);

rel_tol = 1E-2; /x default tolerance is 1E-6 =/

abs_tol 1E-2; /x default tolerance is 1lE-6 x/

x0 = 0; xf = 0.8; /* fminimum is around 0.6 =*/

status = fminimum(&fminval, &xmin, func, x0, xf,rel_tol,abs_tol);
printf ("Interval = [%3.2f, %3.2f]\n", x0, xf);

printf ("status = %d\n", status);
printf ("xmin = %f

printf ("m = $f\n\n", fminval);

n", xmin);

x0 = 0.4; xf /+ fminimum is at 0.4 x/
status = fminimum(&fminval, &xmin, func, x0, xf);
printf ("Interval [%$3.2f, %3.2f]\n", x0, =xf);
printf ("status = %d\n", status);

printf ("xmin = $f\n", xmin);

printf ("m = $f\n\n", fminval);

|
3

ol o~ N
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x0 = 0; xf

printf("m =

Output

Interval = [-1.00,

status = 0
xmin = 0.000000
m = -5.176471

Interval = [0.00,
status = 0

xmin = 0.300375
m = -96.501409

Interval =
status = 0
xmin = 0.305573
m = -96.232705

[0.00,

Interval = [0.40,

status = 0

xmin = 0.400000
m = —-47.448276
Interval = [0.00,
status = 0

xmin = 0.892717
m = —-21.734573
See Also

= %$f\n",
$f\n\n",

20

= 1; /% Only local minimum at 0.892716 is found =*/
status = fminimum(&fminval,

printf ("Interval
printf ("status = %d\n",
printf ("xmin

&xmin, func, x0, xf);

%$3.2f1\n", x0, xf);
status);

fminval) ;

f =-1/((x-0.3)*(x-0.3)+0.01) - 1/((x-0.9)*(x-0.9)+0.04) + 6

-20

-60 |

-80

-100

0.00]

0.80]

0.80]

1.00]

1.00]

-0.5 0 0.5 1
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fminimums().

References
H. T. Lau, A Numerical Library in C for Scientists and Engineers, CRC Press, Inc. 1995.
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fminimums

Synopsis

#include <numeric.h>

int fminimums(double *fininval, double xmin[&], double (*func)(int, double[ ]), double x0[&], ...
/*[ double rel_tol, double abs_tol, int numfuneval] */);

Syntax

fminimums(fiminimumval, xmin, func, x0)
fminimums(fiminimumval, xmin, func, x0, rel_tol)
fminimums(fininimumval, xmin, func, x0, rel_tol, abs_tol)

fminimums(fminimumval, xmin, func, x0, rel_tol, abs_tol, numfuneval)

Purpose
Find the minimum position and value of an n-dimensional function.

Return Value
This function returns one of the following values: Parameters

0 On successful.

-1 The process is broken off because at the end of an iteration step the number of calls of func exceeded the
value of numfuneval.

-2 The process is broken off because the condition of the problem is too bad.
-3 Function not supported.

Parameters

fminval A pointer to the variable which contains the calculated minimum value of the function.

xmin A pointer to the array which contains the calculated positions with the minimum value of the function.
Jfunc An n-dimensional function given by the user for minimization.

x0 An input array of approximation for variables x where the function gives the minimum value.

rel_tol The relative tolerance of the calculation.

abs_tol The absolute tolerance of the calculation.

numfunceval The maximum number of function evaluation allowed.

Description

Given an n-dimensional function and an array which contains initial estimate by the user as input, this
function calculates the array of the position at which the function has a minimum value. The number of
dimension is taken from input array x internally. The function func should deliver the value of the function
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to be minimized, at the points given by x. The tolerance is defined as a function of x as |z|rel_tol + abs_tol,
where rel_tol is the relative precision and abs_tol is the absolute precision which should not be chosen equal
to zero. The argument numfunceval is the maximum number of function evaluations allowed. The default
values for rel_tol, abs_tol and numfuneval are 107%,1076, and 250, respectively.

Example

Find the minimum value of two dimension function 100(z1 — z3)? + (1.0 — x¢)? with the initial guess of

o = —1.2and z1 = 1.0.

#include <numeric.h>
#include <stdio.h>
#define N 2

double func (double x[]) {

int

double temp;
temp=x[1]-x[0]*x[0];
return 100+tempxtemp+ (1.0-x[0])*(1.0-x[0]);

main () {

double func (double x[]);

double fminval,xmin[N],x0[N],rel_tol, abs_tol;
int numfuneval, status;

x0[0] = -1.2;

x0[1]1=1.0;

/+ Plot a 2 dimensional graph of the function
for which the minimum will be found =*/
double funcp (double x, V)
{
double temp;
temp=y—-x*Xx;
return 100*tempxtemp+ (1.0-x)*(1.0-x);
}

fplotxyz (funcp, 0.9, 1.1, 0.9, 1.1, 22,22,"100% (x-y*y) *x (x-y*xy)+(1.0-x)*(1.0-x)",

"X", llyll, llzll) ;

status = fminimums (&fminval, xmin, func,x0);
printf ("status = %d\n", status);
printf ("fminval = %$f\n", fminval);

printf ("xmin[0] $f\n", xmin[0]);
11)3;

printf ("xmin[1] = %$f\n", xmin[1]

rel tol = 1.0e-3; /* not default value */
abs_tol = 1.0e-3; /* not default value x/

numfuneval = 250; /* not default value =/
status = fminimums (&fminval, xmin, func,x0,rel_tol, abs_tol,numfuneval);
printf ("status = %d\n", status);
printf ("fminval = %$f\n", fminval);
printf ("xmin[0] = %$f\n", xmin[0]);
printf ("xmin[1] = %f\n", xmin[1]);
}
Output
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status = 0

fminval = 0.000000
xmin[0] = 1.000000
xmin[1] = 1.000000
status = 0

fminval = 0.000000
xmin[0] = 0.999999
xmin[l] = 1.000028
See Also
fminimum().
References

H. T. Lau, A Numerical Library in C for Scientists and Engineers, CRC Press, Inc. 1995.

[N

ORPNWAUION®OO

100*(x-y"2)"2+(1.0-X)"2
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fsolve

Synopsis
#include <numeric.h>
int fsolve (double x[:], void(*func)(double x[ ], double y[ ]), double x0[:]);

Purpose
Find a zero position of a nonlinear system of equations.

Return Value
This function returns O on success and -1 on failure.

Parameters

x An n-dimensional array which contains the calculated zero position.
x0 An n-dimensional array which contains the initial guess for a zero position.
func A pointer to the function given by the user.

Description

Function fsolve() finds a zero position of function func(x) provided by the user. The user function has two
arguments, the first one for input and the second one for output. The input argument is an n-dimensional
array, and the function values calculated will be delivered by the second array argument of the same dimen-
sion as output. The number of dimension is taken from the function given by the user internally.

Algorithm

The multidimensional nonlinear system of equations is solved by a multidimensional secant method: Broy-
den’s method. Since the Jacobian matrix which is needed for solution of the equations is approximated by
Quisi-Newton method inside the function, the user does not need to provide analytic formula for derivatives
of equations. Broyden’s method converges superlinearly once you get close enough to the root.

Example
Solve the following nonlinear system of two equations

fo = —(@g+ai-20)=0
fi = e 013 _20=0

with the initial guesses of zero point at zo = 2.0, and 21 = 0.5.

/* Driver for routine fsolve: for 2 dimentional equationx/
#include <stdio.h>

#include <numeric.h>

#include <chplot.h>

#define N 2

#define NP 22
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void func (double x[], double f[]) {
fl0]=-(x[0]*x[0]+x[1]*x[1]-2.0);
flll=exp(x[0]-1.0)+x[1]*x[1]*x[1]-2.0;

int main () {
double x[N], xO0[N], f[N];
double x1[NP], x2[NP], f1[NPxNP], f2[NPxNP];
int i, j,status, datasetnum=0;
class CPlot plot;

linspace (x1, 0, 2);
linspace (x2, 0, 2);

for (i=0; i<NP; i++) {
for (3J=0; Jj<NP; J++) {
fL[NPxi+j] = —(x1[1]*x1[i]+x2[j]*x2[J] - 2.0);
f2[NPxi+j] = exp(x1[i]-1.0) + x2[j]1*x2[F]*x2[]]1-2.0;

}

plot.data3D (x1, x2, fl);

plot.data3D (x1, x2, f2);

plot.plotType (PLOT_PLOTTYPE_LINES, datasetnum);
plot.legend("f1", datasetnum);

datasetnum++;

plot.plotType (PLOT_PLOTTYPE_LINES, datasetnum);
plot.legend ("f2", datasetnum);

plot.label (PLOT_AXIS_X, "x");

plot.label (PLOT_AXIS_Y, "y");

plot.label (PLOT_AXIS_Z, "z");

plot.title("fl = 2.0 - x*x -y*xy, f2 = exp(x-1.0)+y*y*xy-2.0");
plot.ticsLevel (0);

plot.colorBox (PLOT_OFF) ;

plot.plotting();

x0[0]=2.0;
x0[1]=0.5;
status=fsolve (x, func, x0);

func (x, £);

printf ("status = %d\n", status);
if (status==-1)
fprintf (stderr, "Convergence problems.\n");
printf ("%$7s %3s %$12s\n", "Index","x","f");
for (i=0;1i<2;1i++)
printf ("$5d %12.6f %12.6f\n",1i,x[1]1,£f[1]);

Output
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f1=2.0 - x*x -y*y, f2 = exp(x-1.0)+y*y*y-2.0

status = 0
Index X f
0 1.000016 -0.000020
1 0.999994 -0.000002

See Also
fzero().

References

William H. Press, Saul A. Teukolsky, William T. Vetterling and Brian P. Flannery, Numeric Recipes in C,
Second Edition, Cambridge University Press, 1997.
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funm

Synopsis
#include <numeric.h>
int funm(array double y/ & /[ &/, double (*func)(double ), array double x/ & [/ &]);

Syntax
funm(y, func, x)

Purpose
Evaluate general real matrix function.

Return Value
This function returns 0 on success and -1 on failure.

Parameters

x Input square matrix. It contains data to be evaluated.
func A function routine given by the user.
y Output square matrix which contains data of the calculated function values.

Description

This function evaluates the matrix version of the function specified by argument func. In this function, The
input matrix x shall be double data type and the specified function prototype shall be double func(double ).
The output matrix y could be real or complex data type as required.

Example
A real matrix evaluation.

#include <numeric.h>
double mylog(double x) {
return log(x);

}

int main() {
array double x[3][3]1={1,2,3,
3,4,5,
6,7,8};

array double y[3]1[3];

expm(y, x) ;

printf ("x = \n%f",x);
printf("y = \n%f",y);
funm(x,mylog,v);
printf ("x = \n%f",x);
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Output

.000000 2.000000 3.000000

.000000 4.000000 5.000000

.000000 7.000000 8.000000

y =

157372.953093 200034.605129 242697.257164
290995.910241 369883.552084 448769.193928
491431.845963 624654.472518 757878.099072

o W X

.000000 2.000000 3.000000
.000000 4.000000 5.000000
.000000 7.000000 8.000000

o W X

See Also
expm(), logm(), cfunm(), sqrtm().

References

funm

G. H. Golub, C. F. Van Loan, Matrix Computations Third edition, The Johns Hopkins University Press,

1996
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fzero

Synopsis

#include <numeric.h>

int fzero(double *x, double(*func)(double x), ... /* [double x0] | [double x02[2]*/);

Purpose
Find a zero position of a nonlinear function with one variable.

Return Value
This function returns O on success and -1 on failure.

Parameters

x Output of the calculated zero position.
func A pointer to the function given by the user.
x0 Input of the initial guess for zero position.

x02 Input of a vector of length 2 and double type. The function shall be bracketed in the interval of [x02[0],
x02[1]] so that the sign of func(x02[0]) differs from the sign of func(x02[1]). Otherwise, an error
occurs.

Description

Function fzero() finds a zero position of function func(x) provided by the user. The input argument of
function func() is x value.

Algorithm

If x0 is given, the algorithm of one-dimensional zero finding is based on the algorithm for finding zero of
the multi-dimensional nonlinear system of equations. Based on fsolve(), the number of dimension is set to 1
for fzero(). See algorithm for fsolve(). If x02 is given, a bisection method is used to find the zero position.

Example
Find zero of function f = x? — 2 with initial guess 2 = 2.0.

#include <stdio.h>
#include <chplot.h>
#include <numeric.h>

double func (double x) {
return x*x-2.0;

}

int main() {
double x, x0, f, x02[2];
int 1i,status;
double func (double);
fplotxy (func, -3, 3, 50, "f = xxx-2", "x", "y");

x0=-2.0;
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status=fzero (&x, func, x0); // x0 is a scalar
f=func (x);
if (status<0)
printf ("fzero() failed.\n");
printf (" %6s %$12s\n","x","f");
printf ("$10.6f %12.6f\n",x,f);

x02[0]=-2.0;
x02[1]=0;
status=fzero (&x, func, x02); // x02 is an array
f=func (x);
if (status<0)
printf ("fzero() failed.\n");
printf (" %6s %$12s\n","x","f");
printf ("$10.6f %$12.6f\n",x,f);

Output
f=x*x-2
7 /
\ /
6,\ /
\ /
500\ /
\\ //
4 \\ //
3 .
. \ /
2|
1L
0
-1+
2 I I —~— — I I )
-3 2 1 0 1 2 3
X
X f
1.414213 -0.000000
X f
-1.414213 -0.000000
See Also
fsolve().
References

William H. Press, Saul A. Teukolsky, William T. Vetterling and Brian P. Flannery, Numeric Recipes in C,
Second Edition, Cambridge University Press, 1997.
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ged()

Synopsis
#include <numeric.h>
int ged(array int &u, array int &v, array int &g, ... /* [array int ¢/ &/, array int d[ & ]]*/);

Syntax
ged(u, v, g)
ged(u, v, g, ¢, d)

Purpose
Obtain the greatest common divisor of the corresponding elements of two arrays of integer type.

Return Value
This function returns 0 on success and -1 on failure.

Parameters
u Any-dimensional array which contains non-negative integer elements for the greatest common divisor
calculation.

v An array the same dimension and size as u. It contains another non-negative integer elements for the
greatest common divisor calculation.

g An output array the same dimension and size as u. It contains the result of the greatest common divisor
calculation of u and v.

¢ An output array the same dimension and size as u.
d An output array the same dimension and size as u.

Description

This function calculates the greatest common divisor of corresponding elements u and v. The arrays u and
v shall be the same size and contain non-negative integer data. The output array g is a positive integer array
of the same size as u. The optional output arrays ¢ and d are of the same size as u and satisfy the equation
u.xc+v.xd=g.

Example

#include <numeric.h>

int main() {
array int ul[2
array int v[2
array int g[2
gcd(u,v,g,c,d
printf ("g=%d",qg);

1031 = {1,2,7,15,3,4};
1031 = {2,4,8,3,8,3};
103]1,cl2][3],d[2][3];
)

’
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printf ("c=%d",c);
printf ("d=%d",d);
printf ("u.*ct+v.xd = d",u.*c+v.=xd);

}
Output

See Also
Iem().

References
Knuth, Donald Ervin, The art of computer programming, Vol
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. 2, Addison-Wesley Pub. Co., 1973.
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getnum

Synopsis
#include <numeric.h>
double getnum(string_t msg, double d);

Purpose
Obtain a number from the console through standard input stream stdin.

Return Value
This function returns the default number or input number from the console.

Parameters
msg Message printed out in the standard output stream stdout.

d Default number.

Description
This function returns the default 