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Preface

Ch is a C compatible cross-platform scripting language environment. Ch is also a C virtual machine and a
superset of C interpreter with salient features from C++, other languages, and software packages. Descrip-
tions of functions and classes of Ch are given in this reference guide. The header files in the distribution of
the Ch language environment are listed in Table[Il Functions not explained in this reference manual follow
the interpretation of ISO and de facto standards such as ISO C and POSIX standards.

Typographical Conventions

The following list defines and illustrates typographical conventions used as visual cues for specific elements
of the text throughout this document.

Interface components are window titles, button and icon names, menu names and selections, and
other options that appear on the monitor screen or display. They are presented in boldface. A sequence
of pointing and clicking with the mouse is presented by a sequence of boldface words.

Example: Click OK

Example: The sequence Start- >Programs- >Ch7.0- >Ch indicates that you first select Start. Then
select submenu Programs by pointing the mouse on Programs, followed by Ch7.0. Finally, select
Ch.

Keycaps, the labeling that appears on the keys of a keyboard, are enclosed in angle brackets. The label
of a keycap is presented in typewriter-like typeface.

Example: Press <Ent er >

Key combination is a series of keys to be pressed simultaneously (unless otherwise indicated) to
perform a single function. The label of the keycaps is presented in typewriter-like typeface.

Example: Press <Ct r | ><Al t ><Ent er >

Commands presented in lowercase boldface are for reference only and are not intended to be typed
at that particular point in the discussion.

Example: “Use the install command to install...”

In contrast, commands presented in the typewriter-like typeface are intended to be typed as part of an
instruction.

Example: “Type i nst al | to install the software in the current directory.”

Command Syntax lines consist of a command and all its possible parameters. Commands are dis-
played in lowercase bold; variable parameters (those for which you substitute a value) are displayed

il



Table 1: Library summary.

Header file Description POSIX Ch
aio.h Asynchronous input and output X X
arpa/inet.h Internet operations X
array.h Computational arrays X
assert.h Diagnostics X X
chplot.h 2D and 3D plotting X
chshell.h Ch Shell functions X
complex.h Complex numbers X
cpio.h Cpio archive values X
crypt.h Encryption functions X
ctype.h Character handling X X
dirent.h Format of directory entries X X
difen.h Dynamically loaded functions X
errno.h Error numbers X X
fentl.h Interprocess communication functions X X
fenv.h Floating-point environment X
float.h platform-dependent floating-point limits X X
glob.h Pathname pattern-matching types X
grp.h Group structure X X
inttypes.h Fixed size integral types X
iostream.h input and output stream in C++ style X
is0646.h Alternative spellings X
libintl.h Message catalogs for internationalization X
limits.h platform-dependent integral limits X X
locale.h Locale functions X X
malloc.h Dynamic memory management functions X
math.h Mathematical functions X X
mqueue.h Message queues X X
netconfig.h ~ Network configuration database X
netdb.h Network database operations X
netdir.h Name-to-address mapping for transport protocols X
netinet/in.h  Internet Protocol family X
new.h Memory allocation error handling in C++ style X
numeric.h Numerical analysis X
poll.h Definitions for the poll() function X
pthread.h Threads X
pwd.h Password structure X X
re_comp.h regular-expression-matching functions for re_comp() X
readline.h Readline function X
regex.h regular-expression-matching types X
sched.h execution scheduling X X
semaphore.h  Semaphore functions X X
setjmp.h Non-local jumps X X
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Table 1: Library summary (continued).

Header file Description C POSIX Ch
signal.h Signal handling X X X
stdarg.h Variable argument lists X X X
stdbool.h Boolean numbers X X
stddef.h Miscellaneous functions and macros X X X
stdint.h Integer types X X X
stdio.h Input and output X X X
stdlib.h Utility functions X X X
string.h String functions X X X
stropts.h streams interface X
sys/acct.h Process accounting X
sys/fentl.h Control file X
sys/file.h Accessing the file struct array X
sys/ioctl.h Control device X
sys/ipc.h Interprocess communication access structure X
sys/lock.h Locking processes X
sys/mman.h Memory management declarations X X
sys/msg.h Message queue structures X
sys/procset.h  Set processes X
sys/resource.h  XSI resource operations X
sys/sem.h Semaphore facility X
sys/shm.h Shared memory facility X
sys/socket.h Internet Protocol family X
sys/stat.h File structure function X X
sys/time.h Time types X
sys/times.h File access and modification times structure X X
sys/types.h Data types X X
sys/uio.h Vector I/O operations X
sys/un.h Unix-domain sockets X
sys/utsname.h ~ System name structure X X
sys/wait.h Evaluating exit statuses X X
syslog.h System error logging X
tar.h Extended tar definitions X
termios.h Define values for termios X X
tgmath.h Type-generic mathematical functions X X
time.h Time and date functions X X X
tiuser.h Transport layer interface X
unistd.h System and process functions X X
utime.h Access and modification times structure X X
wait.h Wiait for child process to stop or terminate X
wchar.h Multibyte I/O and string functions X X
wctype.h Multibyte character class tests X X

Note: the symbol ‘X’ indicates that the library is supported by the standard.
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in lowercase italics; constant parameters are displayed in lowercase bold. The brackets indicate items
that are optional.

Example: |s [-aAbcCdfFgilL mnopgrRstux1] [file...]

Command lines consist of a command and may include one or more of the command’s possible
parameters. Command lines are presented in the typewriter-like typeface.

Example: | s / home/ user nane

Screen text is a text that appears on the screen of your display or external monitor. It can be a system

message, for example, or it can be a text that you are instructed to type as part of a command (referred
to as a command line). Screen text is presented in the typewriter-like typeface.

Example: The following message appears on your screen

usage: rmJ[-fiRr] file ...

I's [-aAbcCdf Fgi | Lmmopqr Rst ux1] [file ... ]

Function prototype consists of return type, function name, and arguments with data type and param-
eters. Keywords of the Ch language, typedefed names, and function names are presented in boldface.
Parameters of the function arguments are presented in italic. The brackets indicate items that are
optional.

Example: double derivative(double (*func)(double), doublex, ... [double *err, double h));

Source code of programs is presented in the typewriter-like typeface.

Example: The program hello.ch with code

int main() {
printf("Hello, world!\n");
}

will produce the output Hel | o, wor | d! on the screen.

Variables are symbols for which you substitute a value. They are presented in italics.

Example: module n (where n represents the memory module number)

System Variables and System Filenames are presented in boldface.

Example: startup file /home/username/.chrc or .chrc in directory / hone/ user name in Unix and
C:\ >_chrcor _chrcin directory C:\ > in Windows.

Identifiers declared in a program are presented in typewriter-like typeface when they are used inside
a text.

Example: variable var is declared in the program.

Directories are presented in typewriter-like typeface when they are used inside a text.

Example: Ch is installed in the directory / usr/ | ocal / ch in Unix and C: / Ch in Windows.

Environment Variables are the system level variables. They are presented in boldface.

Example: Environment variable PATH contains the directory /usr/ch.



Other Relevant Documentations

The core Ch documentation set consists of the following titles. These documentation come with the CD and
are installed in CHHOME/docs, where CHHOME is the Ch home directory.

The Ch Language Environment — Installation and System Administration Guide, version 7.0, SoftIn-
tegration, Inc., 2011.

This document covers system installation and configuration, as well as setup of Ch for Web servers.

The Ch Language Environment, — User’s Guide, version 7.0, SoftIntegration, Inc., 2011.

This document presents language features of Ch for various applications.

The Ch Language Environment, — Reference Guide, version 7.0, SoftIntegration, Inc., 2011.

This document gives detailed references of functions, classes and commands along with sample source
code.

The Ch Language Environment, — SDK User’s Guide, version 7.0, SoftIntegration, Inc., 2011.

This document presents Software Development Kit for interfacing with C/C++ functions in static or
dynamical libraries.

The Ch Language Environment CGI Toolkit User’s Guide, version 3.5, SoftIntegration, Inc., 2003.

This document describes Common Gateway Interface in CGI classes with detailed references for each
member function of the classes.
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Chapter 1

Diagnostic Test — <assert.h>

The header assert.h defines the assert macro and refers to another macro,
NDEBUG

which is not defined by assert.h. If NDEBUG is defined as a macro at the point in the source file where
assert.h is included, the assert macro is defined simply as

# define assert (ignore) ((void)0)
The assert macro is redefined according to the current state of NDEBUG each time that assert.h is included.

Macros
The following macros are defined by the asserth header file.

Macro Description
assert Inserts diagnostic tests into program.
Portability

This header has no known portability problem.
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assert

Synopsis
#include <assert.h>
void assert(scalar expression);

Purpose
Insert diagnostic tests into program.

Return Value
The assert macro returns no value.

Parameters
expression argument.

Description

The assert macro puts diagnostic tests into programs; it expands to a void expression. When it is executed,
if expression (which shall have a scalar type) is false (that is, compares equal to 0), the assert macro writes
information about the particular call that failed (including the text of the arguement, the name of the source
file, the source line number, and the name of the enclosing function — the latter are respectively the values
of the preprocessing macro __FILE__and __LINE__and of the identifier __func__) on the standard output. It
then calls the abort function.

Example

/* a exanple for assert(). The programw ||
abort while i < 0 and display error nessage. */
#i ncl ude <assert. h>

int main() {

int i;
for(i =5; ; i--)
{
printf("i=%l\n", i);
assert(i >= 0);
}
}
Output
i=5
i=4
i=3
i= 2
i=1
i=0
i=-1
Assertion failed: i >= 0, file assert_func.c, line 10, function main()
See Also
abort()



Chapter 2

2D and 3D plotting <chplot.h>

The high-level plotting features described in this chapter is available only in Ch Professional Edition. The
header file chplot.h contains the definition of the plotting CPIlot class, defined macros used with CPlot, and
definitions of high-level plotting functions that are based on CPlot class .

The plotting class CPlot allows for high-level creation and manipulation of plots within the Ch language en-
vironment. CPIlot can be used directly within many types of Ch programs, including applications, function
files, and CGI programs. Plots can be generated from data arrays or files, and can be displayed on a screen,
saved in a large number of different file formats, or generated as a stdout stream in png or gif file format on
the Web.

The high-level plotting functions fplotxy(), fplotxyz(), plotxy(), plotxyf(), plotxyz(), and plotxyzf() are
designed to be easy to use and allow plots to be created quickly. These functions can be used in conjunction
with the CPlot member functions to create more sophisticated plots.

CPlot Class

The CPlot class can be used to produce two dimensional (2D) and three dimensional (3D) plots through a
Ch program. Member functions of the CPlot class generate actual plots using a plotting engine. Gnuplot is
used internally as the plotting engine for display in this release of the Ch language environment.

Public Data

None.

Public Member Functions

Function Description

CPlot() Class constructor. Creates and initializes a new instance of the class.
“CPlot() Class destructor. Frees memory associated with a instance of the class.
arrow() Add an arrow to a plot.

autoScale() Enable or disable autoscaling of plot axes.

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

axisRange() Set the range for a plot axis.
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axes()

bar Size()
border()
border Offsets()

boundingBoxOrigin()

boxBorder()
boxFill()
boxWidth()

changeViewAngle()

circle)
color Box()

contour L abel()
contour L evels()
contour M ode()
coor dSystem()
data()

data2D()
data2DCurve()
data3D()
data3DCurve()
data3DSurface()
dataFile)
dataSetNum()
deleteData()
deletePlots()

dimension()
displayTime()
enhanceText()
fillStyle()

font()
fontScale()
func2D()
func3D()
funcp2D()
funcp3D()
getGrid()

getL abel ()
getOutputType()
getSubplot()
getTitle()
grid0

isUsed()

label()

legend()
legendL ocation()
legendOption()
line()

Specify the axes for a data set.

Set the size of error bars.

Enable or disable drawing of a border around the plot.

Set plot offsets of the plot border.

Obsolete, use CPlot::origin().

Enable or disable drawing of a border for a plot of box type.

Obsolete, use fillStyle(). Fill a box or filled curve with a solid color or pattern.

Set the width for a box.

Change the view angles for a 3D plot.

Add a circle to a 2D plot.

Enable or disable the drawing of a color box for 3D surface plots.
Enable or disable contour labels for 3D surface plots.

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

Set the contour display mode for 3D surface plots.

Set the coordinate system for a 3D plot.

Add 2D, 3D, or multi-dimensional data to an instance of the CPlot class.
Add one or more 2D data sets to an instance of the CPlot class.

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

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

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

Add a set of data for 3D surface to an instance of the CPlat class.

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

Obtain the current data set number in an instance of the CPlot class.
Remove data from a previously used instance of the CPlat class.
Remove any data from a previously used instance of the CPlot class
and reinitialize option to default values.

Set plot dimension to 2D or 3D.

Display the current time and date on the plot.

Use enhanced text for special symbols.

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

Set the font name and size used in all texts in the plot.

Set the font scale factor used in all texts in the plot.

Add a set of 2D data using a function to an instance of the CPlot class.
Add a set of 3D data using a function to an instance of the CPlot class.

Add a set of 2D data using a function with a parameter to an instance of the CPlot class.
Add a set of 3D data using a function with a parameter to an instance of the CPlot class.

Get the grid information the plot.

Get the label of an axis.

Get the output type of a plot.

Get a pointer to an element of a subplot.
Get the title of the plot.

Enable or disable display of a grid.

Test if an instance of the CPlot class has been used.
Set axis labels.

Add a legend for a data set.

Specify the plot legend location.

Set options for legends of a plot.

Add a line to a plot.
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lineType() Set the line type, width, and color for lines, impulses, steps, etc.
margins() Set plot margins.

mathCoord() Set proper attributes for the math coordinates.

origin() Set the location of the origin for the bounding box of the plot.
outputType() Set the plot output type.

plotType() Set the plot type.

plotting() Produce a plot from an instance of the CPlot class.

point() Add a point to a plot.

pointType() Set the point type, size, and color.

polar Plot() Set a 2D plot to use the polar coordinate system.

polygon() Add a polygon to a plot.

rectangle() Add a rectangle to a 2D plot.

removeHiddenLing() Enable or disable hidden line removal for 3D plots.
scaleType() Set the axis scale type for a plot.

showM esh() Enable or disable display of mesh of a 3D plot.

size() Scale the plot itself relative to the size of the output file or canvas.
size3D() Change the size of a 3D plot.

sizeOutput() Change the size of the output file.

sizeRatio() Change the aspect ratio of a plot.

smooth() Smooth plotting curves by interpolation and approximation of data.
subplot() Create a group of subplots.

text() Add a text string to a plot.

tics() Enable or disable display of axis tics.

ticsDay() Set axis tic-mark labels to days of the week.

ticsDirection() Set the direction in which axis tic-marks are drawn.
ticsFormat() Set the number format for tic labels.

ticsL abel() Set location and text label for arbitrary axis labels.

ticsLevel() Set the z-axis offset for drawing of tics in 3D plots.

ticsL ocation() Specify the location of axis tic marks to be on the border or the axis.
ticsMirror() Enable or disable display of axis tics on the opposite axis.
ticsMonth() Set axis tic-mark labels to months.

ticsPosition() Add tic-marks at the specified positions to an axis.

ticsRange() Specify the range for a series of tics on an axis.

title() Set the plot title.

M acros

The following macros are defined for the CPlot class.

Macro

Description

PLOT_ANGLE_DEG
PLOT_ANGLE_RAD
PLOT_AXISX
PLOT_AXIS_X2
PLOT_AXISXY
PLOT_AXISXYZ

Select units in degree for angular values.
Select units in radian for angular values.
Select the x axis only.

Select the x2 axis on the top only.

Select the x and y axes.

Select the x, y, and z axes.
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PLOT_AXISY Select the y axis only.

PLOT_AXIS.Y?2 Select the y2 axis on the right only.
PLOT_AXISZ Select the z axis only.
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.
PLOT_BOXFILL_EMPTY Do not fill a box.

PLOT_BOXFILL_SOLID Fill a box with a solid color.
PLOT_BOXFILL_TRANSPARENT_SOLID Fill a box with a transparent solid color.
PLOT_BOXFILL_PATTERN Fill a box with a pattern.
PLOT_BOXFILL_TRANSPARENT_PATTERN Fill a box with a transparent pattern.
PLOT_CONTOUR_BASE Draw contour lines for a surface plot on the x-y plane.
PLOT_CONTOUR_SURFACE Draw contour lines for a surface plot on the surface.
PLOT_COORD_CARTESIAN Use a Cartesian coordinate system for a 3D plot.
PLOT_COORD_CYLINDRICAL Use a cylindrical coordinate system in a 3D plot.
PLOT_COORD_SPHERICAL Use a spherical coordinate system in a 3D plot.
PLOT_FILLSTYLE_EMPTY Do not fill a box.

PLOT_FILLSTYLE_SOLID Fill a box with a solid color.
PLOT_FILLSTYLE_TRANSPARENT_SOLID Fill a box with a transparent solid color.
PLOT_FILLSTYLE_PATTERN Fill a box with a pattern.
PLOT_FILLSTYLE_TRANSPARENT_PATTERN Fill a box with a transparent pattern.
PLOT_OFF Flag to disable an option.

PLOT_ON Flag to enable an option.
PLOT_OUTPUTTYPE_DISPLAY Display the plot on a screen.
PLOT_OUTPUTTYPE_FILE Output the plot to a file.
PLOT_OUTPUTTYPE_STREAM Output the plot as a stdout stream.

PLOT_PLOTTYPE_.BOXERRORBARS  Itis a combination of the PLOT_PLOTTYPE_BOXESand
PLOT_PLOTTYPE_YERRORBARSplot types.
PLOT_PLOTTYPE_BOXES Draw a box centered about the given x coordinate.
PLOT_PLOTTYPE_BOXXYERRORBARS A combination of PLOT_PLOTTYPE_BOXES and
PLOT_PLOTTYPE_XYERRORBARSplot types.
PLOT_PLOTTYPE_CANDLESTICKS Display box-and-whisker plots of financial or statistical data.

PLOT_PLOTTYPE_DOTS Use dots to mark each data point.
PLOT_PLOTTYPE_FILLEDCURVES Fill an area bounded in a side by a curve with a solid color or pattern.
PLOT_PLOTTYPE_FINANCEBARS Display finanacial data.
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).
PLOT_PLOTTYPE_HISTEPS The point x1 is represented 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).
PLOT_PLOTTYPE_IMPULSES Display vertical lines from the x-axis (for 2D plots) or
the x-y plane (for 3D plots) to the data points.
PLOT_PLOTTYPE_LINES Data points are connected with a line.
PLOT_PLOTTYPE_LINESPOINTS Markers are displayed at each data point and connected
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PLOT_PLOTTYPE_POINTS
PLOT_PLOTTYPE_STEPS

PLOT_PLOTTYPE_SURFACES

PLOT_PLOTTYPE_VECTORS
PLOT_PLOTTYPE_XERRORBARS
PLOT_PLOTTYPE_XERRORLINES
PLOT_PLOTTYPE_XYERRORBARS
PLOT_PLOTTYPE_XYERRORLINES
PLOT_PLOTTYPE_YERRORBARS
PLOT_PLOTTYPE_YERRORLINES
PLOT_SCALETYPE_LINEAR
PLOT_SCALETYPE_LOG
PLOT_TEXT_CENTER
PLOT_TEXT_LEFT
PLOT_TEXT_RIGHT

PLOT_TICS.IN

PLOT_TICS.OUT

with a line.

Markers are displayed at each data point.

Adjacent points are connected with two line segments,
one from (x1,y1) to (x2,y1), and a second from (x2,y1)
to (x2,y2).

Data points are connected and smoothed

as a surface. For 3D plot only.

Display vectors.

Display dots with horizontal error bars.

Display linepoints with horizontal error lines.

Display dots with horizontal and vertical error bars.
Display linepoints with horizontal and vertical error lines.
Display points with vertical error bars.

Display linepoints with vertical error lines.

Use a linear scale for a specified axis.

Use a logarithmic scale for a specified axis.

Center text at a specified point.

Left justify text at a specified point.

Right justify text at a specified point.

Draw axis tic-marks inward.

Draw axis tic-marks outward.

Functions

The following functions are implemented using the CPlot class.

Function Description

fplotxy() Plot a 2D function of X in a specified range or initialize an instance of the CPlot
class.

fplotxyz() Plot a 3D function of X and Y in a specified range or initialize an instance of the
CPlot class.

plotxy() Plot a 2D data set or initialize an instance of the CPlot class.

plotxyf() Plot 2D data from a file or initialize an instance of the CPlot class.

plotxyz() Plot a 3D data set or initialize an instance of the CPlot class.

plotxyzf() Plot 3D data from a file or initialize an instance of the CPlot class.

References

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/.

Copyright Notice of Gnuplot

/*[
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—

¥k ok ok ok ok ok 3k 3k 3k R % ok ok ok ok ok 3k % k% k% ok Ok ok 3k 3k

/

Copyright 1986 - 1993, 1998 Thomas W IIlianms, Colin Kelley

Perm ssion to use, copy, and distribute this software and its
docunentation for any purpose with or w thout fee is hereby granted,
provided that the above copyright notice appear in all copies and
that both that copyright notice and this perm ssion notice appear

in supporting docunentation

Perm ssion to nodify the software is granted, but not the right to
distribute the conplete nodified source code. Modifications are to
be distributed as patches to the released version. Permission to
distribute binaries produced by conpiling nodified sources is granted
provi ded you
1. distribute the corresponding source nodifications fromthe
rel eased version in the formof a patch file along with the binaries
2. add special version identification to distinguish your version
in addition to the base rel ease version nunber
3. provide your nane and address as the primary contact for the
support of your nodified version, and
4. retain our contact information in regard to use of the base
sof tware
Perm ssion to distribute the rel eased version of the source code
al ong with correspondi ng source nodifications in the formof a patch
file is granted with sane provisions 2 through 4 for binary
di stributions.

This software is provided "as is" wi thout express or inplied warranty
to the extent permtted by applicable I aw
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CPlot::arrow

Synopsis

#include <chplot.h>

void arrow(double x_head, double y_head, double z_head, double x_tail, doubley_tail, 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, ztail) 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 i on 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}
{si ze <l engt h>, <angl e>{, <backangl e>}}
{filled | enpty | nofilled}
{front | back}
{ {linestyle | Is <line_style>}
| {linetype | It <line_type>}
{linewidth | Iw<line_width} } } }
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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 ‘si ze <l engt h>, <angl e>* or
‘size <l ength>, <angl e>, <backangl e>‘, where * <l engt h>' defines length of each branch
of the arrow head and ‘jangle; the angle (in degrees) they make with the arrow. ' <Lengt h>' is in x-
axis units; this can be changed by ‘first, ‘second‘, ‘graph‘, ‘screen‘, or ‘character before the jlength;;
see ‘coordinates‘ for details. ‘;Backangle;‘ only takes effect when ‘filled® or ‘empty‘ is also used. Then,
‘ <backangl e>* is the angle (in degrees) the back branches make with the arrow (in the same direction
as ' <angl e>"). 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_1.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPl ot plot;

lindata(0, 360, x);
y = sin(x*M_PI/180);
pl ot.arrow(185, 0.02, 225, 0.1);
plot.text("test text", PLOT_TEXT_LEFT, 225, 0.1);
pl ot . dat a2D( x, Vy);
plot.plotting();
}

Output

10
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Example 2
Compare with the output for examples in CPlot::data3D() and CPlot::data3DSurface().

/* File: arrow_2.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
doubl e x[20], y[30], z[600];
int i,j;
class CPlot plot;

lindata(-3, 3, X);
lindata(-4, 4, y);
for(i=0; i<20; i++) {
for(j=0; j<30; j++) {
z[30* i+ ] = 3*(L1-x[i])*(1-x[i])*exp(-(x[i]*x[1])-Cy[j]+1)*(y[i]+1))
- 10*%(x[i]/5 - x[i]*x[i]*x[i]-pow(y[j],5))*exp(-x[i]*x[i]-y[il*y[il)
- 1 3*exp(- (xX[1]+1)*(x[1]1+1)-y[jl1*y[il);

pl ot.data3D(x, vy, z);

plot.arrow0, 2, 8, 2, 3, 12);

pl ot.text ("peak", PLOT_TEXT_LEFT, 2.1, 3.15, 12.6);
plot.plotting();

Output

11
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Example 3

/* File:

arrow_3.ch */

#i ncl ude <nat h. h>
#i ncl ude <chpl ot. h>

int main() {
doubl e conpl ex z[12];

char
int

option[64];
i

class CPl ot plot;

for

}

pl ot.
pl ot .
pl ot.
pl ot.
pl ot .

}
Output

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

real (z[i]) = (5+sin(150*i *M PI/180)) *cos(30*i *M_PI/180)
imag(z[i]) = (5+sin(150*i*M_PI/180))*sin(30*i *M_PI/180);
sprintf(option, "linetype 1 linewi dth %", i+1);
plot.arrow(real (z[i]), img(z[i]), O, O, O, O, option)

axi sRange( PLOT_AXI S_XY, -6, 6); /* one point cannot do autorange */
pl ot Type( PLOT_PLOTTYPE_PO NTS, 0);

sizeRatio(-1);
plotting();

12

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

CPlot::arrow

*/
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Example 4
See an example on page [149]for CPlot:plotType() on how opt i on 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_AXISY Select the y axis only.
PLOT_AXIS Y2 Select the y2 axis only.
PLOT_AXIS.Z Select the z axis only.
PLOT_AXISXY Select the x and y axes.
PLOT_AXIS XYZ Select the x, y, and z axes.

13
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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 */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPlot plot;

lindata(0, 360, x);
y = sin(x*M_PI/180);
pl ot . aut oScal e(PLOT_AXI S_Y, PLOT_OFF);
pl ot . dat a2D( x, y);
plot.plotting();
}

Output

10

10 ! ! ! ! ! ! !
0 50 100 150 200 250 300 350 400

CPlot::axis

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

14
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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_AXISY Select the y axis only.
PLOT_AXIS Y2 Select the y2 axis only.
PLOT_AXISXY 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.

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 | i net ype 0.

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().

/* File: axis.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPl ot plot;

lindata(0, 360, Xx);

y = sin(x*M_PI/180); /1 Y-axis data.
pl ot . axi sRange( PLOT_AXI S_X, -30, 390);
plot.ticsRange(PLOT_AXI S_X, 30, -30, 390);

15
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pl ot. axi sRange(PLOT_AXIS_ Y, -1, 1);

pl ot.ticsRange(PLOT_AXI S_Y, .25,
pl ot. axi s(PLOT_AXI S_X, PLOT_OFF);
pl ot . dat a2D( x, y);
plot.plotting();

}

Output

-1, 1),

CPlot::axis

05 /

-0.25

-0.75

BV

-30 0 30 60 90

Example 2
Compare with the output from Example 1.

/* File: axis_2.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;

120 150 180
X

array doubl e x[ nunmpoi nts], y[nunpoints];

int |linetype=1, |inew dth=3;
char linecolor[]="green";
class CPl ot plot;

lindata(0, 360, Xx);
y = sin(x*M_PI/180);
pl ot . axi sRange( PLOT_AXI S_X, - 30,

210 240 270 300

330

/1 Y-axis data.

390) ;

pl ot.ticsRange( PLOT_AXI S_X, 30, -30, 390);
pl ot. axi sRange( PLOT_AXI S Y, -1, 1);

pl ot.ticsRange(PLOT_AXI S Y, .25,
pl ot. axi s(PLOT_AXI S_XY, linetype,
pl ot. dat a2D( x, Yy);

plot.plotting();
return O;

}
Output

-1, 1);
l'i newi dth,

16
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See Also
CPlot::lineType().

240 270 300 330 360 390

CPlot::axisRange

CPlot::axisRange

Synopsis
#include <chplot.h>
void axisRange(int axis, double minimum, double maximum,

Syntax
axisRange(axis, minimum, maximum)
axisRange(axis, minimum, maximum, incr)

Purpose
Specify the range for 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.
PLOT_AXIS Y2 Select the y2 axis only.
PLOT_AXIS.Z Select the z axis only.
PLOT_AXISXY Select the x and y axes.
PLOT_AXIS XYZ Select the x, y, and z axes.

minimum The axis minimum.

17
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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

pl ot . axi sRange(axis, mn, nax, incr);
is obsolete. Use

pl ot . axi sRange(axis, mn, max);
pl ot.ticsRange(axis, incr);

or
pl ot.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 */
#i ncl ude <math. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPl ot plot;

lindata(0, 360, x);

y = sin(x*M_PI/180); /1 Y-axis data.
pl ot . axi sRange( PLOT_AXI S_X, -30, 390);

pl ot.ticsRange(PLOT_AXI S_X, 30);

pl ot. axi sRange( PLOT_AXI S Y, -2, 2);

pl ot.ticsRange(PLOT_AXI S_Y, 0.25);

pl ot. dat a2D(x, y);

plot.plotting();

}
Output

18
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Example 2
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CPlot::axisRange

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 */

#i ncl ude <chpl ot. h>
#i ncl ude <mat h. h>

int main() {

doubl e x[30], y[30], z[900];

doubl e r;
int i, j;

class CPl ot plot;

| i ndat a(-10, 10,

X

)

lindata(-10, 10, vy);
for(i=0; i<30; i++) {
for(j=0; j<30;
ro=sart(x[i]1*x[i]+y[j1*y[j]);

z[ 30%i +j
}
}

]

pl ot . dat a3D(x, v,
pl ot . axi sRange( PLOT_AXI S_XY,
plot.title("3D Mesh Wthout Vertical lines at Corners");

plot.plotting();
}

Output

1) A

=sin(r)/r;

z);

-12,

12);

19
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Example 3
X axis range is reversed.

/* File: axisRange_3.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunpoi nts], y[nunpoints];
class CPl ot plot;

l'i ndat a(-360, 30, Xx);
y = sin(x*M_PI/180); /'l Y-axis data.
pl ot . axi sRange( PLOT_AXI S_X, 50, -400);
pl ot.ticsRange(PLOT_AXI S_X, -30);
pl ot.data2D(x, y);
plot.plotting();
}

Output
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See Also
CPlot::ticsRange(), CPlot::autoScale(), CPlot::ticsL abel ().

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
numis 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 " X1y 1" 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 " X2y 1" 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_AXISLY 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_AXISXYZ Select the x, y, and z axes.

Example 1

21
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/* File: axes.ch */
#i ncl ude <chpl ot. h>
#i ncl ude <mat h. h>

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

}
doubl e func2(double x) {

return x*x;

}

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

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

plot. | abel (PLOT_AXIS_X, "x (radians)");
pl ot. | abel (PLOT_AXI S Y, "sin(x)");
pl ot. | abel (PLOT_AXI S_Y2, "x*x");

pl ot . axi sRange( PLOT_AXI S_X, x0, xf);
plot.ticsMrror(PLOT_AXIS X, PLOT_ON);
pl ot. axi sRange( PLOT_AXI S_X2, x0, xf);
pl ot.ticsRange(PLOT_AXIS Y, 0.5);

pl ot . bor der (PLOT_BORDER_ALL, PLOT_ON);
plot.ticsMrror(PLOT_AXIS Y2, PLOT_ON);
plot.ticsDirection(PLOT_TICS_QUT);
plot.tics(PLOT_AXIS Y2, PLOT_ON);

pl ot.ticsRange(PLOT_AXI S_Y2, 5);
plot.grid(PLOT_ON, "x vy y2");

pl ot. func2D(x0, xf, num funcl);
plot.legend("sin(x)", 0);

pl ot. func2D(x0, xf, num func2);

pl ot.l egend("x*x", 1);

pl ot.axes(1, "x2y2");

plot.plotting();

sin(x)
X*X

Output
sin(x) and x*x
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Example 2
See an example on page [133] 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 bar Size(double size);

Syntax
bar Size(size)

Purpose
Set the size of error bars.

Return Value
None.

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

See an example on page/[133]for the plot type PLOT _PLOTTYPE_XYERRORBARSin 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.

23
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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 */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunpoi nts],
class CPlot plot;

y[ nunpoi nt s] ;

lindata(0, 360, Xx);
y = sin(x*M_PI/180);

pl ot. data2D(x, y);
/lor plot.border(PLOT_BORDER TOP | PLOT_BORDER RI GHT, PLOT_OFF);
pl ot . bor der (PLOT_BORDER_TOP, PLOT_OFF);
pl ot. bor der (PLOT_BORDER_RI GHT, PLOT_OFF);
plot.ticsMrror(PLOT_AXI S_XY, PLOT_OFF);
plot.plotting();

}

Output
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Example 2
Compare with the example output in CPlot::polar Plot().

/* File: border_2.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 360;
array doubl e theta[ nunpoi nts], r[nunpoints];
class CPlot plot;

lindata(0, 2*M.PI, theta);

r = sin(theta);

pl ot. data2D(theta, r);

pl ot. | abel (PLOT_AXI S_XY, NULL);
pl ot. sizeRatio(1);

pl ot. border (PLOT_BORDER_ALL, PLOT_OFF);
plot.tics(PLOT_AXI S XY, PLOT_OFF);

pl ot. axi s(PLOT_AXI S_XY, PLOT_OCFF);
plot.plotting();

[/l Y-axis data.

}
Output

See Also
CPlot::ticsMirror ().

CPlot::border Offsets

CPlot::border Offsets

Synopsis
#include <chplot.h>
void border Offsets(double left, doubleright, 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

25
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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 top 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: borderOfsets.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPlot plot;

lindata(0, 360, Xx);

y = sin(x*M_PI/180);

pl ot. dat a2D(x, y);

pl ot. border Of f sets(30, 30, .5, .25);
plot.plotting();

Output
15
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See Also

CPlot::autoScale(), CPlot::axisRange(), CPlot::ticsL abel(), CPlot::margins().
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CPlot::boxBorder

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

Syntax

boxBorder (num)
boxBor der (num, linetype)

Purpose
Enable or disable drawing of a border for a plot of box type.

Return Value
None.

Parameters
num The data set of plot type of box or filled curve to be bounded with a border. If numis -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 */
#i ncl ude <mat h. h>

#i ncl ude <chpl ot. h>

#i ncl ude <numeric. h>

#define N 4
#define M 2
int main() {
int i, j, Kk, nunpoints = 4, linetype, |inew dth, patternnuml;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPl ot plot;
doubl e begi n;

begin = 0.01;

for(j=0; j<M j++) {
for(i=0; i<N, i++) {
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| i ndat a(begi n, begi n+180-0. 01, x);
y = sin(x*M_PI/180);
for(k=0; k<nunpoints; k++) {

yLk] += sign(y[k])*1;

}
pl ot . dat a2D(x, y);
linetype = i+1;
linewidth = 2;
pl ot . pl ot Type( PLOT_PLOTTYPE_BOXES, i+j*N);
plot.lineType(i+j*N, linetype, linew dth);
pl ot . boxW dt h(30) ;
i f(i==1)
plot.fillStyle(i+j*N, PLOT_FILLSTYLE SOLID);
else if(i==2) {
plot.fillStyle(i+j*N, PLOT_FILLSTYLE SOLID, 0.25);
pl ot . boxBorder (i +j*N, 1);
}
else if(i==3) {
pl ot . boxBorder (i +j *N);
plot.fillStyle(i+j*N, PLOT_FILLSTYLE PATTERN, patternnum;
}
begin += 180;
}
}
pl ot . axi sRange( PLOT_AXI S_X, -60, N*M180+60);
pl ot.ticsRange(PLOT_AXI S_X, 180, 0, N*M180);
pl ot . axi sRange(PLOT_AXIS_ Y, -2.5, 2.5);
plot.plotting();

return O;
}
Output
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X
See Also

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

CPlot::boxFill

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

Syntax

boxFill(num, PLOT_BOXFILL_EMPTY)

boxFill(num, PLOT_BOXFILL_SOLID)

boxFill(num, PLOT_BOXFILL_SOLID, densi ty)

boxFill(num, PLOT_BOXFILL_TRANSPARENT SOLID, densi t y)
boxFill(num, PLOT_BOXFILL_PATTERN)

boxFill(num, PLOT_BOXFILL_PATTERN, patternnum)

boxFill(num, PLOT_BOXFILL_TRANSPARENT_PATTERN, patter nnum)

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 numis -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 densi t y 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 densi t y 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 O is fully transparent, density 1 is fully opaque.

patternnum The parameter pat t er nnumoption 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,
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starting from patt er nnum much as the line type cycles for multiple line plots. The available
patterns in Windows are shown below.

pattern fill
0o 1 23 4 5 6 7 858 9

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_FILLEDCURVESspecified 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

pl ot . out put Type( PLOT_OUTPUTTYPE FI LE, "png truecolor”, "fil enane. 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 27 for CPlot:boxBorder ().

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

CPlot::boxWidth

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

Syntax
boxWidth(width)
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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 Wi dt h 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 wi dt h 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

pl ot . boxwi dt h(-2);

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

plot.dataFil e(datafile, "using 1:2:3:4:(-2)");
To set the box width to an absolute value of 30, use
pl ot . boxW dt h(2);

Example
See an example on page 27 for CPlot:boxBor der ().

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

CPlot::changeViewAngle

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

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.

zrot 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_rot = 60° and z_rot = 30°.

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

/* File: changeVi ewAngl e.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
array doubl e x[20], y[20], z[400];
int i, j;
class CPl ot plot;

lindata(-2, 2, x);
lindata(-2, 2, y);
for (i=0; i<20; i++) {
for(j=0; j<20; j++) {
} z[1*20+)] = x[i]*exp(-x[i]*x[i]-y[j1*y[il);
}
pl ot.data3D(x, vy, z);
pl ot. changeVi ewAngl e(45, 15);

plot.plotting();
}

Output
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Example
/* File: changeVi ewAngl e_2.ch */

#i ncl ude <chpl ot. h>
#i ncl ude <mat h. h>

int main() {

array doubl e x[20], y[20], z[400];

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

lindata(-2, 2, x);

lindata(-2, 2, y);

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

z[i*20+4]] = x[i]*exp(-x[i]*x[i]-y[i]*y[il);

}

pl ot.data3D(x, y, z);
pl ot . changeVi ewAngl e( 0, 0);

pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, dat aset nun ;

pl ot. cont our Mode( PLOT_CONTOUR_BASE) ;

pl ot . showivesh( PLOT_CFF) ;
plot.title("Contour plot");
plot.plotting();

Output
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Contour plot

See Also

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

CPlot::circle

15

0.5

-0.5

-1.5

CPlot::circle

Synopsis
#include <chplot.h>
int circle(double x_center, doubley_center, doubler);

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.
I 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 Yy 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 6 and yis r.
Example 1

/* File: circle.ch */
#i ncl ude <chpl ot. h>

int main() {
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double x_center = 2.5, y_center = 1.0, r = 3;
class CPl ot plot;

plot.circle(x_center, y_center, r);

pl ot.sizeRatio(-1);

pl ot . axi sRange(PLOT_AXIS_ Y, -2.5, 4.5);
plot.plotting();

}
Output
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Example 2

/* File: circle_2.ch */
#i ncl ude <chpl ot. h>
#i ncl ude <mat h. h>

int main() {
double x_center = MPI/3, y_center = 2.0, r = 1.5;
class CPlot plot;

pl ot. pol ar Pl ot (PLOT_ANGLE_RAD); /* Pol ar coordi nate system */
pl ot. | abel (PLOT_AXI S_X, "x");
pl ot. | abel (PLOT_AXIS Y, "y");
plot.circle(x_center, y_center, r);
pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, 0);
plot.lineType(0, 3, 4);
pl ot.sizeRatio(-1);
pl ot . axi sRange( PLOT_AXI S_X, -1, 3);
pl ot. axi sRange( PLOT_AXI S Y, 0, 4);
pl ot . bor der (PLOT_BORDER ALL, PLOT_ON);
pl ot.ticsLocati on(PLOT_AXI S_XY, "border");
plot.ticsMrror(PLOT_AXIS_XY, PLOT_ON);
plot.plotting();

}

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

CPlot::color Box

Synopsis
#include <chplot.h>
void color Box(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.

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

/* File: colorBox.ch */
#i ncl ude <chpl ot. h>
#i ncl ude <mat h. h>
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#i ncl ude <nuneric. h>

int main() {
doubl e x[30], y[30], z[900];
doubl e r;
int i, j;
class CPlot plot;

lindata(-10, 10, x);
lindata(-10, 10, y);
for(i=0; i<30; i++) {
for(j=0; j<30; j++) {
ro=sqrt(xpi]*x[i]+y[j1*y[il);
z[30*i+j] = sin(r)/r;
}
}
pl ot.data3D(x, vy, z);
pl ot . col or Box( PLOT_CFF) ;
plot.plotting();

}
Output
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See Also

CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSurface(), CPlot::contour M ode(),
CPlot::plotType().

CPlot::contour L abel

Synopsis
#include <chplot.h>
void contour L abel(int flag);

Purpose
Set display of contour line elevation labels for 3D plots on or off.
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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::contourL evels(),
and CPlot::showM esh().

/* File: contourlLabel.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
doubl e x[20], y[30], z[600];
int datasetnum=0, i, j;
class CPl ot plot;

lindata(-3, 3, x);
lindata(-4, 4, y);
for(i=0; i<20; i++) {
for(j=0; j<30; j++) {
z[30%i+j ] = 3*(1-x[i])*(1-x[i])*exp(-(x[i]*x[i]1)-(y[il+1)*(y[i]l+1))
- 0% (x[i]/5 - x[i]*x[i]*x[i]-pow(y[j].5))*exp(-x[i]l*x[i]-y[il*y[il)
- U3 exp(-(x[i]+1)*(x[1]+1)-y[j1*y[il);

pl ot.data3D(x, vy, z);

pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, dat aset nun ;
pl ot . cont our Label (PLOT_ON);

pl ot . cont our Mode( PLOT_CONTOUR_BASE) ;
plot.plotting();

Output
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Example 2

/* File: contourlLabel 2.ch */
#i ncl ude <nat h. h>
#i ncl ude <chpl ot. h>

int main() {
doubl e x[30], y[30], Zz[900];
doubl e r;
int datasetnum=0, i, j;
class CPl ot plot;

lindata(-10, 10, x);

lindata(-10, 10, vy);

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

ro=sart(xpi]*x[i]l+y[i]*y[il);

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

pl ot.data3D(x, y, z);

pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, dat aset nun ;

pl ot . cont our Label (PLOT_ON);

pl ot. cont our Mode( PLOT_CONTOUR_BASE) ;

pl ot. col or Box( PLOT_OFF) ;
plot.plotting();

Output
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See Also
CPlot::data3D(), CPlot::contour L evels(), CPlot::contour M ode(), CPlot::legend(), CPlot::showM esh().

CPlot::contour L evels

Synopsis
#include <chplot.h>
void contour L evels(double levels[:], ... /* [int n] */);

Syntax
contour Levels(level)
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.

Example 1
Compare with the output from the example in CPlot::contour L abel ().

/* File: contourlLevels.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>
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int main() {
doubl e x[20], y[30], z[600];
doubl e I evel s[ 10];
int datasetnum=0, i, j;
class CPl ot plot;

lindata(-6, 6, levels);
lindata(-3, 3, x);
lindata(-4, 4, y);
for(i=0; i<20; i++) {
for(j=0; j<30; j++) {

CPlot::contourL evels

z[30%i+j] = 3*(L-x[i])*(L-x[i])*exp(- (x[i]1*x[i])-(y[j1+1)*(y[j]+1))
- 10%(x[i]/5 - x[i]*x[i]*x[i]-pow(y[j],5))*exp(-x[i]*x[i]-y[i]1*y[j])
- U3rexp(- (x[1]+1)*(x[1]+1)-y[j1*y[i]);

pl ot.data3D(x, y, z);

pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, dat aset num;

pl ot . cont our Label (PLOT_ON);

pl ot . cont our Mode( PLOT_CONTOUR_BASE) ;

pl ot. cont our Level s(| evel s);
pl ot. col or Box( PLOT_OFF) ;
plot.plotting();

Output

OdbNoNnso®

Example 2

/* File: contourLevels_2.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
doubl e x[30], y[30], z[900];
doubl e | evel s[6];
doubl e r;
int datasetnum=0, i, j;
class CPl ot plot;
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lindata(-10, 10, x);
lindata(-10, 10, vy);
lindata(-0.2, 0.8, levels);
for(i=0; i<30; i++) {
for(j=0; j<30; j++) {
ro=sqart(x[i]*x[i]+y[j1*y[i]);
z[30*i+j] = sin(r)/r;

pl ot.data3D(x, vy, z);

pl ot . pl ot Type( PLOT_PLOTTYPE_LI NES, dat aset nunm;
pl ot . cont our Label (PLOT_ON);

pl ot. cont our Mode( PLOT_CONTOUR_BASE) ;

pl ot. cont our Level s(I evel s);

pl ot . col or Box( PLOT_CFF) ;

plot.plotting();

Output
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See Also

CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSur face(), CPlot::contour L abel(),
CPlot::contour M ode(), CPlot::showM esh().

CPlot::contour M ode

Synopsis
#include <chplot.h>
void contour M ode(int mode);

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

Return Value
None.
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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_LI NES, the
positions of the contour levels are determined internally unless explicitly set using CPlot::contour L evels().
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: contourMde.ch */
#i ncl ude <chpl ot. h>
#i ncl ude <mat h. h>

int main() {
doubl e x[16], y[16], z[256];
doubl e r;
int i, j;
class CPl ot subplot, *spl;

lindata(-10, 10, x);
lindata(-10, 10, vy);
for(i=0; i<16; i++) {
for(j=0; j<16; j++) {
ro=sqrt(x[i]*x[i]+y[j1*y[i]);
z[16*i+j] = sin(r)/r;
}

}

subpl ot . subpl ot (2, 3);

spl = subpl ot. get Subpl ot (0, 0);

spl ->dat a3D(x, vy, z);

spl - >pl ot Type( PLOT_PLOTTYPE_LI NES, 0);
spl - >cont our Mbde( PLOT_CONTOUR_BASE) ;
spl - >r enoveHi ddenLi ne( PLOT_OFF) ;

spl - >l abel (PLOT_AXI S _XYZ, NULL);

spl - >col or Box( PLOT_CFF) ;
spl->title("PLOT_CONTOUR_BASE") ;

spl = subpl ot. get Subpl ot (0, 1);

spl ->dat a3D(x, y, z);

spl - >pl ot Type( PLOT_PLOTTYPE_LI NES, 0);
spl - >cont our Mbde( PLOT_CONTOUR_SURFACE) ;
spl - >r enoveH ddenLi ne( PLOT_OFF) ;

spl - >l abel (PLOT_AXI S _XYZ, NULL);

spl - >col or Box( PLOT_CFF) ;
spl->title("PLOT_CONTOUR_SURFACE") ;
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spl = subpl ot. get Subpl ot (0, 2);

spl ->dat a3D(x, y, z);

spl - >pl ot Type( PLOT_PLOTTYPE_LI NES, 0);

spl - >cont our Mode( PLOT_CONTOUR_BASE| PLOT_CONTOUR_SURFACE) ;
spl - >r enoveH ddenLi ne( PLOT_OFF) ;

spl - >l abel (PLOT_AXI S_XYZ, NULL);

spl - >col or Box( PLOT_OFF) ;

spl->title("PLOT_CONTOUR BASE| PLOT_CONTOUR SURFACE") ;

spl = subpl ot. get Subpl ot (1, 0);

spl - >dat a3D(x, vy, z);

spl - >cont our Mode( PLOT_CONTOUR_SURFACE) ;
spl - >l abel (PLOT_AXI S_XYZ, NULL);

spl - >col or Box( PLOT_OFF) ;
spl->title("PLOT_CONTOUR SURFACE");

spl = subpl ot. get Subpl ot (1, 1);
spl - >data3D(x, vy, z);
spl - >cont our Mbde( PLOT_CONTOUR_BASE) ;
spl - >l abel (PLOT_AXI S_XYZ, NULL);
spl - >col or Box( PLOT_CFF) ;
spl->title("PLOT_CONTOUR_BASE") ;
subpl ot. plotting();

}

Output

PLOT_CONTOUR_BASE PLOT_CONTOUR_SURHRAGET_CONTOUR_BASE|PLOT_CONTOUR_SURFACE

PLOT_CONTOUR_BASE
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See Also
CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSur face(), CPlot::contour L evels(),
CPlot::removeHiddenLing(), CPlot::showM esh().

CPlot::coordSystem

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

Syntax
coor dSystem(coord_system)
coor dSystem(coord_system, angle_unit)

Purpose
Select coordinate system for 3D plots.

Return Value
None.

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

x = rcos(h)
= 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: coordSystenR.ch */
#i ncl ude <chpl ot. h>
#i ncl ude <nat h. h>

int main() {
array double theta[37], phi[19], r[703];
class CPlot plot;

lindata(0, 2*M.PI, theta);
lindata(-MPI/2, MPI/2, phi);

r = (array double [703])1;

pl ot. dat a3D(t heta, phi, r);

pl ot . coor dSyst em( PLOT_COORD_SPHERI CAL) ;
pl ot. axi sRange( PLOT_AXI S_XY, -2.5, 2.5);
plot.plotting();

}
Output
1
0.6
0s [ 04
06 [ 0.2
04 0
z 0.2 -0.2
or -0.4
0.2 -0.6
04 0.8
o8 [ 1
1+
2
Example 3

/* File: coordSystenB.ch */
#i ncl ude <chpl ot. h>
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#i ncl ude <mat h. h>

int main() {

array doubl e thetal[37], phil[37], r1[37];
array doubl e theta2[37], phi?2[37], r2[37];
array doubl e theta3[20], phi3[20], r3[20];

class CPlot plot;

lindata(0, 2*M PI, thetal);

phil = (array double [37])0;

rl = (array double [37])1,;

theta2 = (array double [37])MPI/2;
Ii ndat a(phi 2, 0, 2*MPI, phi2);

r2 = (array double [37])1;

theta3 = (array double [20])0;
lindata(-MPI/2, MPI/2, phi3);

r3 = (array double [20])4;

pl ot. dat a3D(t hetal, phil, rl);

pl ot . dat a3D(t het a2, phi2, r2);

pl ot. dat a3D(t heta3, phi3, r3);

pl ot. point(0, 0, 0);

pl ot . coor dSyst em( PLOT_COORD_SPHERI CAL) ;
pl ot. axi sRange( PLOT_AXI S_XY, -2, 7);
plot.ticsLevel (0);

pl ot . removeH ddenLi ne( PLOT_COFF) ;
plot.plotting();

}

Output
4
3 -
2 -

; 1

0
-1
2
-3
-4

Example 4

/* File: coordSysten#.ch */

#i ncl ude <math. h>
#i ncl ude <chpl ot. h>

int main() {

int nunpoints = 36;

array doubl e r1[ nunpoints],
array doubl e r2[ nunpoi nts],

t het al[ nunpoi nts], z1[ nunpoints];
t het a2[ nunpoi nts], z2[ nunpoints];
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class CPlot plot;

lindata(0, 360, thetal);
z1l=(array doubl e [nunpoints]) 3+
sin((thetal-(array doubl e [nunpoints])90)*M Pl/180);

rl=(array doubl e [nunpoints])1;
lindata(0, 360, theta2);
z2=(array doubl e [ nunpoints])O0;
r2=(array doubl e [nunpoints])1;
pl ot. dat a3D(t hetal, z1, r1l);
pl ot. dat a3D(t heta2, z2, r2);
pl ot . coor dSyst em( PLOT_COORD_CYLI NDRI CAL, PLOT_ANGLE DEG ;
plot.line(0, O, 1, 0, 2, 1);
plot.line(90, O, 1, 90, 3, 1);
plot.line(180, 0, 1, 180, 4, 1);
plot.line(270, 0, 1, 270, 3, 1);
pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, 0);
plot.lineType(0, 1, 1);
pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, 1);
plot.lineType(l, 1, 1);
pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, 2);
plot.lineType(2, 1, 1);
pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, 3);
plot.lineType(3, 1, 1);
pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, 4);
plot.lineType(4, 1, 1);
pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, 5);
plot.lineType(5, 1, 1);
plot.plotting();

}

Output

LIS N B B N |

Example5

/* File: coordSystenb.ch */
#i ncl ude <nat h. h>
#i ncl ude <chpl ot. h>

int main() {
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int nunpoints = 36;

array double theta[36], z[20], r[720];
int i, j;

class CPlot plot;

lindata(0, 360, theta);
lindata(0, 2*MPI, z);
for(i=0; i<36; i++) {
for(j=0; j<20; j++) {
r[i*20+j] = 2+cos(z[j]):
}

pl ot. data3D(theta, z, r);

pl ot. coordSyst em( PLOT_COORD_CYLI NDRI CAL, PLOT_ANGLE DEG) ;
pl ot . axi sRange( PLOT_AXI S_XY, -4, 4);

plot.plotting();

}
Output
7
6
) 5
) 4
ol
z ar |
Sk 2
| 1
| 0
ol
.................... |
L=
See Also

CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSur face().

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 O on success and -1 on failure.

Parameters
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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.

/* File: data.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

#defi ne ROW 36
#define COL 2
int main() {
int i;
doubl e a[RON[CO];
class CPlot plot;

for(i=0; i< ROW i++) {

afi][0] i *10;

ali][1] sin(a[i][0]*M_PI/180);
}
pl ot.data(a, ROW CQL);
plot.plotting();
return O;

}
Output

05 F // \

05 - \ /A

X

Example 2 In this example, a data set for 3D plot is added.
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/* File: data_1.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

#defi ne ROW 36
#define COL 3
int main() {
int i;
doubl e a[ RON [ COL];
class CPlot plot;

for(i=0; i< ROWN i++) {
a[i][0] =i*10;
a[i][1] = sin(a[i][0]*MPI/180);
a[i][2] = cos(a[i][0]*M PI/180);
}

pl ot.data(a, ROW COL);
pl ot . di mensi on(3);

plot.plotting();
return O;

}
Output

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

/* File: data_2.ch */

/* File: data_2.cpp to process data in candl esticks.dat */
/* conpare with plotType_cs.ch */

#i ncl ude <chpl ot. h>

#defi ne ROW 10

#define COL 5

int main() {
class CPl ot plot;
doubl e a[ RON[COL], b[ROW[CO];
char filename[]="candl esticks.dat";
FI LE *stream
int i;
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stream = fopen(filenane, "r");
i f(stream == NULL) ({
fprintf(stderr, "Error: cannot open file '%’ for reading\n", filenane);
return -1;
}
/* "using 1:3:2:6:5" */
for(i = 0; i<ROW i++) {
fscanf(stream "WBTfWTWBTWITUWTWRT",
&a[i][0], &al[i][2], &a[i][1], &a[i][4], &a[i][3]);
printf("9f %f %f %Bf %f\in",
} ali][0], a[i][1], a[i][2], a[i][3], &a[i][4]);
rewi nd(strean;
/* using 1:4:4:4:4" */
for(i = 0; i<ROW i++) {
fscanf(stream "%foIfoIfUWfowIfosIf", &[i][0], &[i][1]);
bli][2] = b[i][1];
bli][3] = b[i][1];
bli][4] = b[i][1];
printf("%f %f\n", b[i][O], b[i][1]);

}

fclose(strean;

pl ot. | abel (PLOT_AXIS_X, "");

plot.|abel (PLOT_AXIS Y, "");

pl ot . bor der (PLOT_BORDER_ALL, PLOT_ON);
plot.ticsMrror(PLOT_AXI S_XY, PLOT_ON);
plot.title("box-and-whi sker plot addi ng nedi an val ue as bar");
pl ot . axi sRange( PLOT_AXI S_X, 0, 11);

pl ot . axi sRange( PLOT_AXI S Y, 0, 10);
//plot.dataFile("candl esticks.dat", "using 1:3:2:6:5");
/1plot.legend("’ candl esticks.dat’ using 1:3:2:6:5", 0);
pl ot.data(a, ROW CQ.);

pl ot.l egend("array a", 0);

pl ot. pl ot Type( PLOT_PLOTTYPE_CANDLESTI CKS, 0, "linetype 1 linew dth 2 whi skerbars");
plot.fillStyle(0, PLOT_FILLSTYLE_EMPTY);
//plot.dataFile("candl esticks.dat", "using 1:4:4:4:4");

/1plot.legend("’ candl esticks.dat’ using 1:4:4:4:4", 1);

pl ot.data(b, ROW CO.);

pl ot.l egend("array b", 1);

pl ot. pl ot Type( PLOT_PLOTTYPE_CANDLESTI CKS, 1, "linetype -1 linewidth 2");
pl ot . boxW dt h( 0. 2);

plot.plotting();

return O;

}

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
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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.

Parameters
X a one-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 Yy is plotted against X. Each
of the rows of y is a separate data set. The X and Yy 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::bor der Offsets(),
CPlot::displayTime(), CPlot::label(), CPlot::ticsL abel(), CPlot::margins(), CPlot::ticsDirection(),
CPlot::ticsFormat(), CPlot::ticsL ocation(), and CPlot::title().

/* File: data2D.ch */
#i ncl ude <mat h. h>

#i ncl ude <chpl ot. h>
#i ncl ude <nuneric. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPlot plot;

lindata(0, 360, x);
y = sin(x*M_PI/180);
pl ot. dat a2D( x, y);
plot.plotting();

}

Output
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7\ ~
/ \

/
/
0.4 / \ B
/ \

0.8

0.6

0.2

-0.4 \ / 8

0 \ / ]

-0.8

0 50 100 150 200 250 300 350 400

Example 2

/* File: data2D 2.ch */
#i ncl ude <mat h. h>

#i ncl ude <chpl ot. h>

#i ncl ude <nuneric. h>
#define CURVEL O
#define CURVE2 1

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[2][nunpoints];
int i;
class CPlot plot;

lindata(0, 360, Xx);

for(i=0; i<nunmpoints; i++) {
y[O][i] = sin(x[i]*M_PI/180);
y[1][i] = cos(x[i]*M_PI/180);

pl ot. dat a2D(x, y);

pl ot . pl ot Type( PLOT_PLOTTYPE_LI NES, CURVE1);

plot.lineType(CURVEL, 1, 20); /* set first data set to use the default |ine
type and a width of twenty tinmes the
default width */

pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, CURVE2);

plot.lineType(CURVE2, 1, 5); /* set second data set to use the default |ine

type and a width of five times the default */
plot.plotting();

Output
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0.8 B

0.6 B

0.4 g

0.2 B

04 | i

06 | o

0.8 | o

0 50 100 150 200 250 300 350 400

Example 3

/* File: data2D 3.ch */

/* Two curves have a phase shift */
#i ncl ude <mat h. h>

#i ncl ude <chpl ot. h>

#i ncl ude <nuneric. h>

int main() {
int nunpoints = 36;
array doubl e x1[ nunpoi nts], yl1[nunpoints];
array doubl e x2[ nunpoi nts];
class CPlot plot;

lindata(0, 360, x1);
yl = sin(x1*M_PI/180);
I'i ndat a(90, 450, x2);
pl ot. data2D(x1, yl);
pl ot. data2D(x2, yl);
plot.plotting();

}

Output
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08 ‘/ . \
. // \\

0.6 /

02/

\
04 / \

-0.2

-0.6

08 |

0 50 100 150

Example 4

/* File: data2D 4.ch */
#i ncl ude <chpl ot. h>

#i ncl ude <mat h. h>

#i ncl ude <nuneric. h>

int main() {
array double x1[75], y1[75];
array doubl e x2[300], y2[300];
class CPl ot plot;

lindata(-2*M P, 2*MPI, x1);
lindata(-2*MPlI, 2*MPI, x2);
yl = x1.*x1+5*si n(10*x1);

y2 = x2.*x2+5*si n(10*x2);

pl ot . dat a2D( x1, y1l1);

pl ot. data2D(x2, y2);

200

pl ot. pl ot Type( PLOT_PLOTTYPE_PQO NTS, 0);

pl ot . poi nt Type(0, 6, 1);

pl ot . pl ot Type( PLOT_PLOTTYPE_LI NES, 1):

plot.lineType(1, 2, 1);
plot.plotting();
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45

40 g

35 B

30 B

25 B

15 - B

10 g

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 a one-dimensional array of double type used for the x axis of the plot.

y a one-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 Yy 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.

Example 1

Compare with the output for examples in CPlot::arrow(), CPlot::autoScale(), CPlot::border Offsets(),
CPlot::data2D(), CPlot::displayTime(), CPlot::label(), CPlot::ticsL abel(), CPlot::margins(),
CPlot::ticsDirection(), CPlot::ticsFormat(), CPlot::ticsL ocation(), and CPlot::title().
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/* File: data2DCurve.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>
#i f ndef M_PI
#define M_PI

#endi f

3.14159265358979323846

#defi ne NUM 36

int main() {
int i;
doubl e X[ NUM, y[NUM;
class CPlot plot;

for(i=0; i< NUM i++) {
x[i] i *10;
yli] sin(x[i]*M_PI/180);
}
pl ot . dat a2DCur ve(x, y, NUM;
plot.plotting();

return O;
}
Output
1 T
08 | / \\
/ \
06 | / / \
/ \
04t / \\
02 |
> 0f
\\
-0.2
0.4 \
-0.6 |
-0.8 |
1 L
0 50 100 150 200
X
See Also

250

350

400

CPlot::data3D

CPlot::data2D(), CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSurface(), CPlot::dataFile(),

CPlot::plotting(), plotxy().

CPlot::data3D

Synopsis
#include <chplot.h>

int data3D(array double x[&], array double y[&], array double &2);

Purpose

Add one or more 3D data sets to an instance of CPlot class.
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Return Value
This function returns O on success and -1 on failure.

Parameters
X a one-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., 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, zis 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, Zis m X n;, with n, = ng - 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 Zis of the size
m X n(representing r) where n, = n, = n.. Each of the m rows of zare plotted against x and y, and corre-
spond 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 zto 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 incre-
mented and VY is cycled again. This is repeated until all the data are calculated. So, for a 10x20 grid the data
shall be ordered as follows:

xI yl zl
x1  y2 z2
xI  y3 z3
xl  yl8 zI8
xl  yl9 z19
x1  y20 z20
x2 yl 721
x2 y2 722
x2 y3 z23

x10 yl8 z198
x10 yl19 z199
x10 y20 z200
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Example 1

/*

File: data3D.ch */

#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>
#i ncl ude <numeric. h>

int

}

mai n() {

array doubl e x[360], y[360], z[360];

class CPl ot plot;

lindata(0, 360, x);

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

Output

, 0006 oooo
RPOOBRNONDD®E

LI I B B B B B

Example 2

/*

File: data3D 2.ch */

#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>
#i ncl ude <nuneric. h>

int main() {

array doubl e x[360], y[360], z[2][360];

int i;
class CPl ot plot;

lindata(0, 360, Xx);
y = sin(x*M_PI/180);
for(i=0; i<360; i++) {
z[O][i] = cos(x[i]*M_PI/180);
} z[1][i] = y[i];
pl ot.data3D(x, vy, z);

pl ot . pl ot Type( PLOT_PLOTTYPE_LI NES, 1);
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plot.lineType(l, 0, 3); /* set the second data set to
use the default line type
and a line width three
times the default */
plot.plotting();

}
Output
1 v'l\:\\
08 \ -
0h [ |~
z 0.2
0 +
0.2 F
04
06
-0.8 |
1k
......... 1
0
4001
Example 3

Compare with output for examples in CPlot::arrow(), CPlot::contourL abel(), CPlot::grid(),
CPlot::removeHiddenL ine(), CPlot:size3D(), CPlot::changeViewAngle(), and CPlot::ticsL evel().

/* File: data3D 3.ch */
#i ncl ude <mat h. h>

#i ncl ude <chpl ot. h>

#i ncl ude <numeric. h>

int main() {
doubl e x[20], y[30], z[600];
int i,j;
class CPl ot plot;

lindata(-3, 3, X);
lindata(-4, 4, y);
for(i=0; i<20; i++) {
for(j=0; j<30; j++) {
z[30% i+ ] = 3*(L-x[i])*(1-x[i])*exp(-(x[i]*x[i])-(y[i]+1)*(y[j]+1))
- 10*(x[i]/5 - x[i]*x[i]*x[i]-pow(y[j],5))*exp(-x[i]*x[i]-y[j]1*y[il)
} - 1 3*exp(- (x[1]+1)*(x[i]1+1)-y[j1*y[j]);
}
pl ot.data3D(x, vy, z);
plot.plotting();

}
Output
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Example 4

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

/* File: data3D_4.ch */
#i ncl ude <chpl ot. h>

#i ncl ude <mat h. h>

#i ncl ude <nuneric. h>

int main() {
doubl e x[30], y[30], z[900];
doubl e r;
int i, j;
class CPl ot plot;

lindata(-10, 10, x);

lindata(-10, 10, vy);

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

ro=sart(x[i]*x[i]l+y[j]1*y[il);

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

}
pl ot.data3D(x, y, z);

plot.plotting();
}

Output
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Example5

/* File: data3D 5.ch */
#i ncl ude <chpl ot. h>

#i ncl ude <mat h. h>

#i ncl ude <nuneric. h>

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

lindata(0, 2*MPI, x1);
lindata(MPI/2, 2*MPI+MPI/2, x2);
lindata(0, 2*MPI, vy);
for (i=0;i<50;i++) {
for (j=0;j<4;j++) {
z[j+4*i]=cos(x1[i]); /'l Z-axis data.
}
}
pl ot.data3D(x1, y, z);
pl ot. data3D(x2, y, z);
plot.plotting();
}

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

/* File: data3D_6.ch */
#i ncl ude <chpl ot. h>

#i ncl ude <mat h. h>

#i ncl ude <nuneric. h>

#defi ne NUMX 20
#def i ne NUMY 20
#defi ne NUMCURVE 2
int main() {

}

array doubl e x[ NUMX], y[NUMY], z[ NUMCURVE] [ NUMX* NUMY] ;
int i, j;
class CPlot plot;

lindata(-2, 2, x);
lindata(-2, 2, y);
for (i=0; i<NUMX; i++) {
for(j=0; j<NUW; j++) {
z[O] [1 *NUMK+j ] = x[i]*exp(-x[i]*x[i1]-y[il*y[il);
Z[ 1] [ i * NUMX+j ] Z[O] [i *NUMX+j] +2;

}

}
pl ot.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[], doubley[], double Z[], int n);

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

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

Parameters
X a one-dimensional array of size n used for the x axis of the plot.

y a one-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
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().
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/* File: data3DCurve.ch */

#i ncl ude <mat h. h>

#i ncl ude <chpl ot. h>

#i f ndef M_PI

#define M_PI 3.14159265358979323846
#endi f

#defi ne NUM 36

int main() {
int i;
doubl e X[ NUM, y[NUM, z[NUWM;
class CPlot plot;

for(i=0; i< NUM i++) {
x[i] i *10;
yli] sin(x[i]*M_PI/180);
z[i] cos(x[i]*M PI/180);
}
pl ot . dat a3DCurve(x, y, z, NUM;
plot.plotting();

return O;
}
Output
1 \ _
08 “ _
06 | /
04 |
z 0.2 /
0+
-0.2
04 +
_0_6 |-
-0.8
-1k
....... 1
0
4001
Example 2

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

/* File: data3DCurve_2.ch */

#i ncl ude <nat h. h>

#i ncl ude <chpl ot. h>

#i f ndef M_PI

#define M_PI 3.14159265358979323846
#endi f

#define NUM 360

int main() {
double X[NUM, y[NUM, z1[NUM, z2[NUM;
int i;
class CPl ot plot;
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for(i=0; i<360; i++) {

x[i] =1i;

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

pl ot. dat a3DCurve(x, y, zl, NUM;

pl ot. dat a3DCurve(x, y, z2, NUM;

pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, 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 */

plot.plotting();

return O;
}
Output
1 -~ ”?:\“ -
08 | -
os [ |
z 0.2
0 |-
-0.2
-04 |
_0_6 |-
-0.8
-1k
........ 1
0
4001
See Also

CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(), CPlot::data3DSurface(), CPlot::dataFile(),
CPlot::plotting(), plotxyz().

CPlot::data3DSurface

Synopsis
#include <chplot.h>
int data3DSurface(double x[], doubley[], doublez[], 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.
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Parameters
X a one-dimensional array of size n used for the x axis of the plot.

y a one-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 Yy 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 Zrepresent ), z, and r coordinates, respectively. In a spherical
coordinate system, arrays X, Y, and zZ represent ), ¢, 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 incre-
mented 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:

xI  yl zl
xl  y2 72
xI y3 z3
x1  yl8 zI8
xl  yl9 z19
x1  y20 z20
x2 yl 721
x2 y2 z22
x2 y3 723

x10 ylI8 z198
x10 yl19 z199
x10 y20 z200
Example 1
Compare with output for examples in CPlot:data3D(), CPlot::arrow(), CPlot::contourL abel(),

CPlot::grid(), CPlot::removeHiddenLine(), CPlot:size3D(), CPlot::changeViewAngle(), and
CPlot::ticsLevel ().
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/* File: data3DSurface_3.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

#define N 20

#define M 30

int main() {
double X[ N, y[M, z[N*M;
int i,j;
class CPlot plot;

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

x[i] =-3 +i*6/19.0; // lindata(-3, 3,

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

y[i] = -4 +i*8/29.0; // lindata(-4, 4, y)

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

CPlot::dataFile

z[Mmi+j] = 3*(1-x[i])*(L-x[i])*exp(- (x[1]*x[i])-(y[j]1+1)*(y[j]+1))
- 10*(x[i]/5 - x[i]*x[i]*x[i]-pow(y[j],5))*exp(-x[i]*x[i]-y[j]1*y[il)

- 1/ 3rexp(- (x[i]+1)*(x[i]+1)-y[i]*y[il);

}
}
pl ot . dat a3DSur face(x, y, z, N, M;

plot.plotting();
return O;

}
Output

OdhbNoNnso®

See Also

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

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

bdANbonNnso o

CPlot::dataFile
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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 0 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
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 75
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’}
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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 <ent r y> 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 r y> will default to its order in the list
of entries. For example, usi ng :: 4\ ver b is interpreted as usi ng 1: 2: 4\ verb.

If the usi ng\ ver b list has but a single entry, that <ent r y> will be used for y and the data point num-
ber is used for x; for example, usi ng 1\ ver bisidentical tousi ng 0: 1\ ver b. If the usi ng\ ver b
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.

The C Function scanf() accepts several numerical specifications CPlot requires all inputs to be double-
precision floating-point variables, so " % f " 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
"\ f" 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) "% f,%f,%f’

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

using "9%1f9%fos20[ "\ n]%f"

The meaning of this format is:

ol f i gnore a number

o f read a doubl e-precision nunber (x by default)
% 20[ "\ n] i gnore 20 non-new i ne characters

o f read a doubl e-precision nunber (y by default)

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

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

which plots the datum in column two against that in column one provided the datum in column three exceeds
ten. 1/ O is undefined; CPIlot 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
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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 usi ng 1: 2, ¢) with option
usi ng ($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

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
/* File: dataFile.ch */
#i ncl ude <stdi o. h>
#i ncl ude <chpl ot. h>
#i ncl ude <mat h. h>
int main() {
string_t file;
int i;
class CPl ot plot;
FI LE *out;

file = tnpnan(NULL);

out =f open (file,"W");
for(i=0;i<=359;i++) fprintf(out,"%
fclose(out);

plot.dataFile(file);
plot.plotting();

renove(file);

}
Output

[/ Create tenporary file.
[IWite data to file.
% \n",i,sin(i*M_PI/180));

osf /

05 |

100

150

200 250 300 350
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Examples
See an example on page for CPlot:plotType(). For comparison with data from CPlot::dataFile() and
CPlot::data(), see programs on pages [52] and for plot with candlesticks.

See Also

CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D, CPlot::data3DCurve, CPlot::data3DSurface,
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 */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int num nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPl ot plot;

lindata(0, 360, x, 36);
y = sin(x*M_PI/180);
num = pl ot. dat aSet Num() ;
printf("The nunber of data set is %\ n", num;
pl ot. dat a2D(x, y);
num = pl ot . dat aSet Num() ;
printf("The nunber of data set is %\n", num;
pl ot. data2D(x, 2*y);
num = pl ot . dat aSet Num() ;
printf("The nunber of data set is %\ n", num;
plot.plotting();
}

Output in console
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The nunber of data set is -1
The nunber of data set is O
The nunber 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::ticsL abel(),
CPlot::ling(), 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.

Description
This function frees all memory associated with previously allocated plot data, plot type, legends, plot axes,
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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::ticsL abel(),
CPlot::ling(), 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().

CPlot::displayTime

Synopsis

#include <chplot.h>

void displayTime(double x_offset, double y_offset);

Purpose
Display the current time and date.
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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

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: displayTine.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPlot plot;

lindata(0, 360, x);

y = sin(x*M_PI/180);

pl ot. di spl ayTi me( 10, 0) ;
pl ot . dat a2D( x, y);
plot.plotting();

}
Output

1 T —T

JTTT |

06 / \ 4

04 | \ p
// \\
02t/ \ |

> 0

02 /" i
\ /
\ /
04 } \ / o
06 \ q

o8| \\ / / 1

1 ! ! ! ! I ! !
0 50 100 150 200 250 300 350 400

Mon Nov 21 13:11:12 2011
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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 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

{/[fontnane] [=fontsize | *fontscale] text}

For example, { / Synbol =20 p} isa20-pointmand{/*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
enhanced text.

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

You can escape control characters using \ \ .

The string "\ \ 326" is for the symbol , / 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 , /~, multiple tokens " \'\ 140" can be
added inside a pair of  braces. For example, use the string
"{/Synmbol @\\140\\ 140\\ 140\\ 140} \\ 326} x+8" for \/x + 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
"{/Synbol =11 @\\ 140\\ 140\\ 140\\ 140\\ 140\\ 140\\ 140\\ 140}\\ 326} 2x"{/ Synmbol =6 2} +9x+14"
displays v/2x2 + 92 + 14 with 11 points for the regular text and 6 points for superscript.
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text result
Superscripts are denoted by *: 100 -2} 1072
Subscripts are denoted by _: TA_{j.k} Aj,k
Braces are not needed for single characters: enx’ et
Use @ to align sub- and superscripts: x@"2_K Xﬁ
Put the shorter of the two first: x@_0M-3/2}y’ X[)3/2y
...rather than: Xx@M-3/2}_0y’ X5y
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}  m#22/7
Everything outside braces is in the default font: P = {/Symbol r}kT’ P = pkT
Space of a given size can be inserted with &: "<junk>’ <junk>
‘<& {junk}>’ < >
Special characters (*,_,{,},@,&,\) can be escaped by \: Nx,y\}’ f{x,y}
...or \\'if within a double-quoted string: "AN{x,y\}" f{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}}’

produces the result: J.;oe'uzl e du = (71;/2)1/ 2

Note how font sizes and definitions are preserved across pairs of braces.

Figure 2.1: Syntax for the enhanced text.
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T = text (here Times-Roman) S = Symbol
(the "E" character set is accessed via a member function CPlot:
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Figure 2.2: character codes for the enhanced text.
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Example 1

/* File: enhanceText.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

#define NUM 36
int main() {
int i;
doubl e X[ NUM, y[NUM ;
class CPlot plot;
char funcname[] = "f_1(x) = x"2 sin({/Synbol p}x)";

for(i=0; i< NUM i++) {

x[i] i*(2.0)/ (NUM1);

yli] x[i]*x[i]*sin(x[i]*MPI);
}
pl ot . dat a2DCurve(x, y, NUM;
pl ot. enhanceText () ;
plot. | abel (PLOT_AXIS X, "x (it multiplies {/Synbol p})");
pl ot. | abel (PLOT_AXI S_Y, funcnane);
pl ot . | egend(funcname, O0);
pl ot. text (funcnane, PLOT_TEXT_LEFT, 0.5, -0.2, 0);
plot.text("{/Helvetica=28 n} {/Synbol p \\271 22/7}", PLOT_TEXT_LEFT, 0.5, -0.4, 0);
plot.text ("{/Synbol =18 \\362@{/=9.6 0}~ {/=12 \245}}"

"{/Helvetica e {-{/Synbol n}~2/2} d}{/Synbol 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);
pl ot.text("special character \\134 ", PLOT_TEXT_LEFT, 0.5, -1.0, 0);
pl ot.text("special character a\\134b\\\\c", PLOT_TEXT_LEFT, 0.5, -1.2, 0);

/* for display on the screen */

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

/* For postscript file use the format belowto create '{’ and '}’ */

/Il plot.text("special characters \\\\173 \\\\175", PLOT_TEXT_LEFT, 0.5, -1.6, 0);

/1 pl ot. out put Type( PLOT_QUTPUTTYPE_FI LE, "postscript eps color", "../output/enhanceText.eps");
plot.plotting();
return O;

}

Output
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0.5 T T T 2 .
—— f1(x) = x* sin(nx)
///
3 I—
\
f,(x) = X2 sin(mx)
M n =207 \
05 o 2 \ [
. J.O e du = (n/2)2 \ /
:5/ special characters* _ @ &
N: -1k special character \ —
1] \ |
= special character a\b\c
15 | \\\ f‘s‘j -
special characters { } /
\\\ /
\\ /
2+ \ / -
/
\ /
\ /
-
_25 1 1 1
0 0.5 1 1.5 2
X (it multiplies m)
See Also
CPlot::label(), CPlot::legend(), CPlot::text(), CPlot::).
CPlot::fillStyle
Synopsis

#include <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, densi ty)

fillStyle(num, PLOT_FILLSTYLE_TRANSPARENT_SOLID, densi t y)
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

num The data set of plot type of box or filled curve to be filled. If numis -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:
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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 densi t y 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 densi t y 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 O is fully transparent, density 1 is fully opaque.

patternnum The parameterpat t er nnumoption 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 pat t er nnum 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 56 7 8 9

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

pl ot . out put Type( PLOT_OUTPUTTYPE FI LE, "png truecolor”, "fil enane. png")

Postscript files only support transparent pattern-fill areas.
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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 also mat hCoor d_2. ch in CPlot::mathCoord().

/* File: fillStyle.ch
Plotting the inequality y < 8x+40 and y < 10x+30 for x fromO to 16. */
#i ncl ude <chplot.h>/* for CPlot */

doubl e func(doubl e x) {

doubl e vy;
y =8 * x + 40;
return vy;

}

doubl e func2(double x) {
doubl e vy;
y =10 * x + 30;
return vy;

}

int main() {
CPl ot plot;
int num= 0;

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

pl ot. | abel (PLOT_AXI S_X, "x");

pl ot. | abel (PLOT_AXIS Y, "y");

pl ot . axi sRange( PLOT_AXI S_Y, 20, 200);

plot.grid(PLOT_ON, "front");

pl ot.func2D(0, 16, 500, func);

pl ot. pl ot Type( PLOT_PLOTTYPE_FI LLEDCURVES, num "y1=20", "blue");
/* transparent solid blue color with density 0.6 */
plot.fillStyle(num PLOT_FILLSTYLE TRANSPARENT_SOLI D, O0.6);

pl ot. func2D(0, 16, 500, func2);

numt+;

pl ot. pl ot Type( PLOT_PLOTTYPE_FI LLEDCURVES, num "y1=20", "yellow');
/* transparent solid yellow color with density 0.6 */
plot.fillStyle(num PLOT_FILLSTYLE TRANSPARENT_SOLI D, 0.6);
plot.plotting();

return O;

}
Output
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v < 8x+40 andy < 10x+30

140 | 1

120 ¢ .

100 .

20

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

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
plot. The commonly used font names such as " Sans", "Arial", "Helvetica", "Tinmes",

"Ti mes- 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().
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/* File: font.ch */
#i ncl ude <mat h. h>

#i ncl ude <chpl ot. h>
#i ncl ude <nuneric. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
CPl ot plot;

lindata(-180, 180, x);
y = sin(x*M_PI/180);
pl ot . mat hCoord() ;
pl ot. dat a2D(x, y);
pl ot.ticsRange( PLOT_AXI S_X, 25);
/* change the default font size from10 to 8 */
pl ot.font("Sans", 8);
plot.fontScal e(1.0); /* use default font scale */
plot.plotting();
}

Output

0.8

0.6

0.4

0.2

See Also
CPlot::fontScale().

CPlot::fontScale

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

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

Return Value
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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 scal e. If the
scaling factor scal e is larger than 1, the font size will be bigger than the default one. If the scaling factor
scal e 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.

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 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.

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

Example 1

/* File: func2D.ch */
#i ncl ude<mat h. h>

#i ncl ude<chpl ot . h>
#define N 100

doubl e onega;
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doubl e func(double x) {
doubl e vy;

y = sin(onmega*x);
return vy;

}

int main() {
doubl e x0, xf;

CPl ot plot;
X0 = 0;
xf = 2*M Pl ;

plot.title("sin(w)");
pl ot . func2D(x0, xf, N,
pl ot.l egend("sin(x)",
onega = 2;

pl ot . func2D(x0, xf, N,
pl ot.l egend("sin(2x)",
plot.plotting();

}

Output

sin);
0);

func);
1);

sin(wx)

0.8

0.6 -

04

si‘n(x)
sin(2x)

-0.2

04 |

-0.6

-0.8

See Also

CPlot::func3D

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, doubleyO, double yf, int nx, int ny, double (*func)(double x, doubley));

Purpose

Add a set of data using a function for 3D surface to an instance of CPlot class.
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Return Value
This function returns O 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.
yO 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

CPlot::func3D

This function adds a set of data using a function f unc() with nx points in the range from x0 to Xf for X
and with ny points in the range from yO to yf fory to a previously declared instance of the CPIlot class.

Example 1

/* File: func3D.ch */
#i ncl ude<mat h. h>
#i ncl ude<chpl ot . h>

#define NX 50
#define NY 50

doubl e of fset;

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

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

}

int main() {
doubl e x0, xf, yO0, yf;

CPl ot plot;
x0 = 0;
xf = 2*M_PI;
yo = 0;
yf = 2*M Pl ;
of fset = 1;

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

pl ot. func3D(x0, xf, y0, yf, NX, NY, func);
of fset = 2;

pl ot. func3D(x0, xf, y0, yf, NX NY, func);
plot.plotting();
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Output

cos(x)sin(y)+offset

See Also
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);

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.
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 f unc() , NULL can
be passed to this parameter.

Description
This function adds a set of data using a function with a parameter f unc() in the range from X0 to Xf with
n points to a previously declared instance of the CPlot class.
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Example 1

/* File: funcp2D.ch */
#i ncl ude<mat h. h>
#i ncl ude<chpl ot . h>

#define N 100

doubl e func(double x, void *param ({
doubl e onega, v;

onega = *(doubl e*) param
y = sin(onega*x);
return vy;

}

int main() {
doubl e x0, xf, onega;
CPl ot plot;

x0 = 0;
xf = 2*M PI;
onega = 1;
plot.title("sin(w)");
pl ot. funcp2D(x0, xf, N, func, &omnega);
pl ot.legend("sin(x)", 0);
onega = 2;
pl ot . funcp2D(x0, xf, N, func, &omnega);
plot.legend("sin(2x)", 1);
plot.plotting();
}

Output
See CPlot::func2DJ().

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
y, 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 O on success and -1 on failure.

Parameters
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X0 the initial value for the x range of the function.

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

yO 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 f unc() , NULL can
be passed to this parameter.

Description

This function adds a set of data using a function f unc() with nx points in the range from X0 to xf for X
and with ny points in the range from yO0 to yf for y to a previously declared instance of the CPlot class.
The function has an optional parameter.

Example 1

/* File: funcp3D.ch */
#i ncl ude<mat h. h>
#i ncl ude<chpl ot . h>

#defi ne NX 50
#define NY 50

doubl e func(doubl e x, double y, void *param {
doubl e of fset, z;

of fset = *(doubl e*) param
z = cos(x)*sin(y) +offset;
return z;

}

int main() {
doubl e x0, xf, y0, yf, offset;

CPl ot plot;
x0 = 0;
xf = 2*M_PI;
yo = 0;
yf = 2*M Pl ;
of fset = 1;

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

pl ot. funcp3D(x0, xf, yO, yf, NX, NY, func, &offset);
of fset = 2;

pl ot. funcp3D(x0, xf, yO, yf, NX NY, func, &offset);
plot.plotting();
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Output

See CPlot::func3DJ().

See Also

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

CPlot::getGrid

Synopsisin Ch and C++
#include <chplot.h>
void getGrid(int *f | ag, char * opt i on);

Purpose
Get the information for the gird of a plot.

Return Value
None.

Parameters
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 f | ag and opt i on by the function call as follows.
plot.getGid(& |ag, optionptr);

See Also
CPlot::grid().

CPlot::getL abel

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

Purpose
Get the label for a plot axis.

Return Value
The label of the axis.

Parameters
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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_AXISY 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

/* File: getLabel.ch */
#i ncl ude <math. h>
#i ncl ude <chpl ot. h>

int main() {
class CPl ot plot;
string_t xlabel, ylabel, zlabel, title;

pl ot. | abel (PLOT_AXI S_X, "xl abel");

x|l abel = plot.getlLabel (PLOT_AXI S _X);
yl abel = plot. getlLabel (PLOT_AXI S Y);
zl abel = plot.getlLabel (PLOT_AXIS 27);

printf("xlabel = %\n", xlabel);
printf("yl abel %s\n", ylabel);
printf("zl abel %\ n", zlabel);
title = plot.getTitle();
printf("title = 9%\n", title);
plot.title("New Title");

title = plot.getTitle();
printf("title = 9%\n", title);

}

Output

x| abel = x| abel
yl abel =y

zl abel =z
title =

title = New Title

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

CPlot::getOutputType

Synopsis
#include <chplot.h>
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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.

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: getQutputType.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
class CPl ot plot;
plotinfo_t outputtype;

out puttype = plot. get Qut put Type();

i f(outputtype == PLOT_QUTPUTTYPE_DI SPLAY)
printf("output is displayed\n");

el se if(outputtype == PLOT_QUTPUTTYPE_STREAM
printf("output is stdout streamin");

el se if(outputtype == PLOT_OUTPUTTYPE_FI LE)
printf("output is in afile\n");

return O;

}
Output

out put is displayed

See Also
CPlot::outputType().

CPlot::getSubplot

CPlot::getSubplot

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

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 ele-
ment 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 */
#i ncl ude <chpl ot. h>
#i ncl ude <math. h>

#define NVAR 4
#define PO NTS 50
int main() {
voi d derivs(double t, double y[], double dydt[]) {
dydt[0] = -y[1];
dydt[1] =y[ O] - (1.0/t)*y[1];
dydt[2] =y[1]-(2.0/t)*y[2];
} dydt[3]=y[2]-(3.0/t)*y[3];

doubl e t0=1, tf=10, yO[ NVAR];

doubl e t[ PO NTS], y1[ NVAR] [ PO NTS];

int points;

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

array doubl e x3[360], y3[360], z3[2][360];
doubl e theta4[36], z4[20], r4[720];

doubl e r, x5[30], y5[30], z5[900];

doubl e x6[ 40], y6[60], z6[2400];

int i, j;
class CPl ot subplot, *spl;

/* plot 1 */

y0[ 0] =j O(t0);

yo[1] =) 1(t0);

yo[2] =jn(2,t0);

yo[3] = n(3,t0);

points = odesolve(t, yl, derivs, tO, tf, y0);

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

/* plot 3 */
lindata(0, 360, x3);
y3 = sin(x3*M_PI/180);
for(i=0; i<360; i++) {
z3[0][i] = cos(x3[i]*M_PI/180);
} z3[1][i] = y3[i];

/* plot 4 */
lindata(0, 360, thetad);
lindata(0, 2*MPI, z4);
for(i=0; i<36; i++) {
for(j=0; j<20; j++) {
rd[i *20+4j] = 2+cos(z4[j]);
}
}

/* plot 5 */
l'i ndata(-10, 10, x5);
lindata(-10, 10, y5);
for(i=0; i<30; i++) {
for(j=0; j<30; j++) {
ro= sqrt(x5[i]*x5[i]+y5[j]*y5[j]);
z5[30*i+j] = sin(r)/r;

}

/* plot 6 */
lindata(-3, 3, x6);
lindata(-4, 4, y6);
for(i=0; i<40; i++) {
for(j=0; j<60; j++) {
z6[60*i+j] = 3*(1-x6[i])*(1-x6[i])*
exp(-(x6[i]*x6[i])-(y6[j]+1)*(y6[j]+1))
- 10*(x6[i]/5 - x6[i]*x6[i]*x6[i]-pow(y6[j],5))*
exp(-x6[i]*x6[i]-y6[j]*y6[j])
- 1/ 3*exp(-(x6[1]+1)*(x6[i]+1)-y6[j]1*y6[j]);

}

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

spl = subpl ot. get Subpl ot (0,0); /* get subplot (0,0) */
spl->title("Line");

spl - >l abel (PLOT_AXIS_X, "t");

spl - >l abel (PLOT_AXI S_Y, "Bessel functions");

spl - >dat a2D(t, yl);

spl - >l egend("j 0", 0);

spl ->l egend("j 1", 1);

spl ->l egend("j 2", 2);

spl ->l egend("j 3", 3);

spl = subpl ot. get Subpl ot (0,1); /* get subplot (0,1) */
spl->title("Polar");

spl - >axi sRange( PLOT_AXI S_XY, -1, 1);

spl ->ti csRange( PLOT_AXI S_XY, .5, -1, 1);

spl - >dat a2D(t heta2, r2);
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spl - >pol ar Pl ot (PLOT_ANGLE_RAD) ;

spl ->si zeRatio(-1);

spl = subpl ot. get Subpl ot (0,2); /* get subplot (0,2) */

spl->title("3D curve");
spl - >dat a3D(x3, y3, z3);
spl - >col or Box( PLOT_CFF) ;

spl - >axi sRange( PLOT_AXI S_X, 0, 400);

spl ->ti csRange( PLOT_AXI S_X, 200, 0, 400);
spl - >axi sRange( PLOT_AXIS_ Y, -1, 1);
spl->ti csRange(PLOT_AXIS_Y, 1, -1, 1);
spl - >axi sRange( PLOT_AXIS 7, -1, 1);

spl ->ti csRange(PLOT_AXIS 7, 1, -1, 1);

spl = subpl ot. get Subpl ot (1,0); /* get subplot (1,0) */

spl->title("Cylindrical");

spl - >dat a3D(t het a4, z4, r4);

spl - >col or Box( PLOT_CFF) ;

spl - >coor dSyst en{ PLOT_COORD_CYLI NDRI CAL, PLOT_ANGLE_DEG);
spl - >axi sRange( PLOT_AXI S_Z, 0, 8);

spl ->ti csRange(PLOT_AXIS Z, 2, 0, 8);

spl - >axi sRange( PLOT_AXI S_XY, -4, 4);

spl ->ti csRange( PLOT_AXI S_XY, 2, -4, 4);

spl - >l abel (PLOT_AXI S_XYZ, NULL);

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

spl - >axi sRange( PLOT_AXI S_X, -10, 10);

spl ->ti csRange( PLOT_AXIS_X, 5, -10, 10);
spl - >axi sRange( PLOT_AXI S_Y, -10, 10);

spl ->ti csRange( PLOT_AXIS_ Y, 5, -10, 10);
spl - >axi sRange( PLOT_AXIS_Z, -.4, 1.2);

spl ->ti csRange(PLOT_AXIS Z, .4, -.4, 1.2);

spl - >dat a3D( x5, y5,

z5);

spl - >col or Box( PLOT_OFF) ;
spl - >l abel (PLOT_AXI S_XYZ, NULL);

spl = subpl ot.getSubplot(1,2); /* get subplot (1,2) */

spl->title("3D Mesh");
spl - >dat a3D( x6, y6, z6);
spl - >axi sRange( PLOT_AXI S_X, -3, 3);
spl ->ti csRange( PLOT_AXI S X, 2, -3, 3);
spl - >axi sRange( PLOT_AXI S_Y, -4, 4);
spl->ti csRange( PLOT_AXIS_Y, 2, -4, 4);
spl - >axi sRange( PLOT_AXIS 7, -8, 8);
spl ->ti csRange(PLOT_AXIS Z, 4, -8, 8);
spl - >col or Box( PLOT_OFF) ;
spl - >l abel (PLOT_AXI S_XYZ, NULL);
spl->ticsLevel (0.1);
subpl ot. plotting();

}

Output
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See Also

CPlot::subplot().

CPlot::getTitle

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

Purpose
Get the plot title.

Return Value
The plot title.

Parameters
None.

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

Example
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see CPlot::getL abel().

See Also
CPlot::label(), CPlot::getL abel (), 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 i on 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}{mxtics} {{no}{

mytics} {{no}{nmztics}

{{no}{mx2tics} {{no}{n}ty2tics}

{{no}{mcbtics}

{pol ar {<angl e>}}
{layerdefault | front
{ {linestyle <major_|

| back}
i nestyl e>}

| {linetype | It <major_linetype>}
{l'inewidth | Iw <nmajor_linew dth>}
{ , {linestyle | |Is <minor_linestyle>}
| {linetype | It <minor_Ilinetype>}

{l'inew dth |

| w <minor_|inew dth>} } }

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.
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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, " | ayer def aul t ", 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 */
#i ncl ude <nat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
int i;
class CPl ot plot;

lindata(0, 360, Xx);
y = sin(x*M_PI/180); /1 Y-axis data.
pl ot . axi sRange( PLOT_AXI S_X, -30, 390);
plot.ticsRange(PLOT_AXI S_X, 30, -30, 390);
pl ot. axi sRange( PLOT_AXI S Y, -1, 1);
plot.ticsRange(PLOT_AXIS Y, .25, -1, 1);
plot.grid(PLOT_ON);
pl ot. data2D(x, y);
plot.plotting();

}

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

/* File: grid_2.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
doubl e x[20], y[30], z[600];
int i,j;
class CPlot plot;

lindata(-3, 3, X);
lindata(-4, 4, y);
for(i=0; i<20; i++) {
for(j=0; j<30; j++) {
z[30*i+j] = 3*(L-x[i])*(1-x[i])*exp(-(x[i]*x[i])-(y[i]+1)*(y[j]+1))
- 10%(x[i]/5 - x[i]*x[i]*x[i]-pow(y[j],5))*exp(-x[i]*x[i]-y[j1*y[jl)
} - 1 3*exp(- (x[1]+1)*(x[i]1+1)-y[j1*y[j]);
}
pl ot.data3D(x, vy, z);
plot.grid(PLOT_ON);
plot.plotting();

}
Output
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bd AN oN SO ®

OGO ANONSO®

Example 3

An example with grids for both y and y2 axes on page 22l for CPlot:axes().

Example 4

An example with grids on the front for a filled curve on page 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 r ue if the CPlot instance has been previously used, returns f al se 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
fplotxy(), fplotxyz(), plotxy(), plotxyz(), plotxyf(), and plotxyzf().

CPlot::lab€d
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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_AXISY 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, function call pl ot . | abel ( PLOT_AXI S_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, Yy, and z axes, respectively.

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

/* File: label.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
string_t x| abel ="Degrees"”,
yl abel =" Anpl i t ude”;
class CPl ot plot;

lindata(0, 360, x);

y = sin(x*M_PI/180);

pl ot .| abel (PLOT_AXI S_X, x| abel);
pl ot. | abel (PLOT_AXI S_ Y, vyl abel);
pl ot. data2D(x, y);
plot.plotting();
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Output
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See Also
CPlot::getL abel(), CPlot::title().
CPlot::getTitle).

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.

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().
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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 | egend. Use CPlot::text() to add a legend for the data set.
Example
Compare with the output for the example in CPlot::legendL ocation().

/* File: legend.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints], y2[nunpoints];
class CPlot plot;

lindata(0, 360, Xx);
y = sin(x*M_PI/180);
y2= cos(x*M_PI/ 180);
pl ot. dat a2D(x, y);
pl ot . dat a2D( x, y2);
plot.legend("sin(x)", 0);
plot.legend("cos(x)", 1);
/* place |l egned in |ocation (370, 0.6) inside a box */
pl ot. | egendOpti on("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::legendL ocation(), CPlot::legendOption().

CPlot::legendL ocation

Synopsis
#include <chplot.h>
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CPlot::legendL ocation

void legendL ocation(double x, doubley, ... /* [double Z] */);

Syntax
legendL ocation(x, y)

legendL ocation(x, Y, 2)

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 eo—eo—o |

Example

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

/* File: |legendLocation.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunpoi nts],
class CPl ot plot;

lindata(0, 360, Xx);
y = sin(x*M_PI/180);
y2= cos(x*M_PI/ 180);
pl ot. dat a2D(x, y);
pl ot.data2D(x, y2);

y[ nunpoi nt s],

y2[ nunpoi nt s] ;
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plot.legend("sin(x)", 0);
plot.legend("cos(x)", 1);
pl ot. | egendLocati on(60, -.5);
plot.plotting();

}

Output
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See Also
CPlot::legend(), CPlot::legendOption().

CPlot::legendOption

Synopsis
#include <chplot.h>
void legendOption(char * option);

Syntax
legendOption(option)

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 i on of string type with the following values can be used to fine tune the legends
of a plot.
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{{inside | outside} | {Imargin | rmargin | tmargin | bmargin}
| {at <position>}}

{left | right | center} {top | bottom]| center}
{vertical | horizontal} {Left | Right}
{{no}reverse} {{no}invert}
{sanpl en <sanpl e_| engt h>} {spaci ng <vertical _spaci ng>}
{wi dth <wi dt h_i ncr enent >}
{hei ght <hei ght i ncrenent >}
{{no}autotitle {col umheader}}
{{no}box { {linestyle | |Is <line_style>}

| {linetype | It <line_type>}

{linewidth | Iw <line_w dth>}}}

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 <pOsSi ti onx>° 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/l c clr

b/ 1 b/c blr

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:

[/tm c/tm r/tm

t/1m t/rm
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c/lm c/rm
b/l m b/ rm

| /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 ‘be-
low* and ‘under® are synonymous with ‘bmargin‘. For compatibility, ‘below‘ or ‘under‘ without an addi-
tional l/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 <posi t i on> 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 <p0osi t i on> 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 <sanpl e_I| engt h> 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.

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 <verti cal _spaci ng>. The program will guarantee that the
vertical spacing is no smaller than the character height.

The <wi dt h_i ncr enent > 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 us-
ing 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 <hei ght _i ncr ement > 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 <hei ght _i ncr enment >/ 2.

The defaults for legends are ‘on°, ‘right‘, ‘top*, ‘vertical®, ‘Right‘, ‘noreverse‘, ‘noinvert‘, ‘samplen 4°,
‘spacing 1.25¢, and ‘nobox‘. The default <I i net ype> 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 opt i on or member function CPlot::legendL ocation(). 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
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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:

pl ot. | egendOption("2,3.5,2");
This places the legends below the graph:
pl ot. | egendOpti on("bel ow');

This places the legends in the bottom left corner, left-justifies the text, and draws a box around it in
linetype 3:

pl ot .l egendOption("l eft bottomLeft box 3");

Examples
See three examples on pages and [I55] for CPlot:plotType().
See Also

CPlot::legend(), CPlot::legendL ocation().

CPlot::line

Synopsis
#include <chplot.h>
int line(double x1, doubleyl, ... /* double x2, double y2; double z1, double x2, doubley2, double 22 */);

Syntax in Ch

line(x1, y1, X2, y2);
line(x1, y1, Z1, X2, y2, 22);

Purpose
Add a line to a plot.

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

Parameters
X1 The x coordinate of the first endpoint of the line.

y1 The y coordinate of the first endpoint of the line.
Z1 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.
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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, (X1, y1, z1) 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, Z1 and 2 are ignored. For 2D
polar and 3D cylindrical plots, the endpoints are specified in polar coordinates where X is 6, y is r, and Zis
unchanged. Again, for 2D plots, Z1 and 22 are ignored. For 3D plots with spherical coordinates X is 8, y is ¢
and Zis r.

Example 1

/* File: line.ch */
#i ncl ude <chpl ot. h>

int nain(){
double x1 =1, y1 =1, x2 = 3, y2 = 4;
class CPl ot plot;

plot.line(x1, yl, x2, y2);
pl ot.sizeRatio(-1);
pl ot. axi sRange( PLOT_AXI S_XY, 0, 5);
plot.plotting();
}

Output

Example 2
/* File: line_2.ch */

#i ncl ude <chpl ot. h>
#i ncl ude <nat h. h>

int nmain(){
doubl e thetal = 30, theta2 =60, r1 =1, r2 = 3;
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class CPlot plot;

pl ot.
pl ot .
pl ot.
pl ot .
pl ot .
pl ot.
pl ot.
pl ot .

}
Output

See Also

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

gri d(PLOT_ON);
pol ar Pl ot (PLOT_ANGLE_DEG ;
line(thetal, rl1, theta2, r2);

pl ot Type( PLOT_PLOTTYPE_LI NES, 0);

lineType(0, 1, 3);
sizeRatio(-1);

axi sRange( PLOT_AXI S_XY, -1, 4);
plotting();

CPlot::lineType

CPlot::data3DSurface(), CPlot::circle(), CPlot::outputType(), CPlot::plotType(), CPlot::point(),
CPlot::polygon(), CPlot::rectangle().

CPlot:

Synopsis

lineType

#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.
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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.

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 " bl ue" or "#0000f f " for color blue. The default line type, width, and color can be changed by the
function call

plot.lineType(num I|inetype, |inew dth, "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.

Col or Nane Hexadecimal R G B
val ues
whi te #ffffff = 255 255 255
bl ack #000000 = O 0 0
grayoO #000000 = 0 0 0
greyO #000000 = O 0 0
gray10 #lalala = 26 26 26
greyl0 #lalala = 26 26 26
gray20 #333333 = 51 51 51
grey20 #333333 = 51 51 51
gray30 #4d4d4d = 77 77 77
grey30 #4d4d4d = 77 77 77
gray40 #666666 = 102 102 102
grey40 #666666 = 102 102 102
gray50 #rf 7t 7f = 127 127 127
grey50 #rt 7t 7f = 127 127 127
gray60 #999999 = 153 153 153
grey60 #999999 = 153 153 153
gray70 #b3b3b3 = 179 179 179
grey70 #b3b3b3 = 179 179 179
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gray80 #cccecece = 204 204 204
grey80 #iccccce = 204 204 204
gray90 #ebebeb5 = 229 229 229
grey90 #ebebeb = 229 229 229
gray100 #ffffff = 255 255 255
grey100 #ffffff = 255 255 255
gray #bebebe = 190 190 190
grey #bebebe = 190 190 190
l'i ght-gray #d3d3d3 = 211 211 211
l'i ght-grey #d3d3d3 = 211 211 211
dar k- gray #a9a%a9 = 169 169 169
dar k- grey #a9a9%a9 = 169 169 169
red #ff0000 = 255 O O
l'i ght-red #f 03232 = 240 50 50
dar k-red #8b0000 = 139 O 0
yel | ow #ffff00 = 255 255 O
light-yellow #ffffed0 = 255 255 224
dar k-yel | ow #c8c800 = 200 200 O
green #00f f 00 = 0 255 0
l'i ght -green #90ee90 = 144 238 144
dar k- gr een #006400 = 0 100 0
spring-green #00Of f 7f = 0 255 127
forest-green #228b22 = 34 139 34
sea- green #2e8b57 = 46 139 87
bl ue #0000ff = 0O 0 255
l'i ght - bl ue #add8e6 = 173 216 230
dar k- bl ue #00008b = 0 0 139
m dni ght - bl ue #191970 = 25 25 112
navy #000080 = 0 0 128
medi um bl ue #0000cd = 0 0 205
royal bl ue #4169el1 = 65 105 225
skybl ue #87ceeb = 135 206 235
cyan #OOffff = 0 255 255
[ ight-cyan #eOf fff = 224 255 255
dar k- cyan #008b8b = 0 139 139
magent a #ff00ff = 255 0 255
l'i ght - magent a #f 055f0 = 240 85 240
dar k- magent a #8b008b = 139 0 139
turquoi se #40e0d0 = 64 224 208
l'i ght -turquoise #af eeee = 175 238 238
dar k-t ur quoi se #00cedl = 0 206 209
pi nk #ffcOcb = 255 192 203
l'i ght - pi nk #ffb6cl = 255 182 193
dar k- pi nk #ff 1493 = 255 20 147
cor al #ff7f 50 = 255 127 80
l'i ght - coral #f 08080 = 240 128 128
or ange-red #ff 4500 = 255 69 0
sal nmon #faB8072 = 250 128 114
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i ght - sal non
dar k- sal non
aquanari ne
khaki
dar k- khaki

gol denr od

I i ght - gol denr od
dar k- gol denr od
gol d

bei ge

br own

or ange

dar k- or ange
vi ol et

dar k- vi ol et

pl um

purpl e

Example 1

/* File:

#i ncl ude <math. h>
#i ncl ude <chpl ot. h>

int main() {

}

array doubl e x[ 36],

int line_type = 1,
CPl ot plot;

lindata(-MPlI, MPI,

y = sin(x);
pl ot . dat a2D( x, y);

lineType.ch */

#ffal7a
#e9967a
#7fffda
#f 0e68c
#bdb76b
#daab520
#eedd82
#b8860b
#f£d700
#f 5f 5dc
#ab2a2a
#f f a500
#f f 8c00
#ee82ee
#9400d3
#ddaOdd
#a020f 0

y[36];
line_width = 4, datasetnum=

X);

255
233
127
240
189
218
238
184
255
245
165
255
255
238
148
221
160

160
150
255
230
183
165
221
134
215
245

42
165
140
130

160
32

122
122
212
140
107

32
130

11

220
42

238
211
221
240

pl ot. pl ot Type(PLOT_PLOTTYPE_LI NES, dat aset nun ;

plot.lineType(datasetnum |ine_type

plot.l egend("red line for sin(x)",

y = sin(x)+1,;
pl ot . dat a2D( x, Vy);

pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, ++dat asetnum;
pl ot.lineType(datasetnum |ine_type
plot.l egend("green line for sin(x)+1",

y = sin(x)+2;
pl ot . dat a2D( x, y);

pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, ++dat aset num ;
pl ot.lineType(datasetnum |ine_type

i ne_wi dth,

dat aset nun ;

pl ot.l egend("blue line for sin(x)+2",

pl ot . axi sRange( PLOT_AXI S_X, -4,

plot.plotting();

Output

6);

i ne_wi dth,

"red") :

"green");

dat aset num ;

i ne_wi dth,

"bl ue");

dat aset nunj ;
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25 |

15 |

05

CPlot::margins

red line for sin(x)
green line for sin(x)+1
blue line for sin(x)+2

-0.5

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

CPlot::margins

Synopsis
#include <chplot.h>
void margins(double left, double right, double top, 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.

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 */
#i ncl ude <mat h. h>
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#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPl ot plot;

lindata(0, 360, Xx);

y = sin(x*M_PI/180);

pl ot . dat a2D( x, y);

pl ot. margi ns(15, 10, 5, 7);
plot.title("Wth margins");
plot.plotting();

CPlot::mathCoord

}
Output
With margins
1 T < T T
08 / \ g
o6l / \ i
04 \ i
0.2 —/// \ |
-~ 0
02 F \\\ //’/ R
0.4 \\\ // 4
-0.6 | \\ / 4
0.8 | / R
-1 L L L L \\\ 1 I
0 50 100 150 200 250 300 350 400
See Also
CPlot::border Offsets().
CPlot::mathCoord

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

Purpose
Set proper attributes for math coordinates.

Return Value
None.

Parameters
None.
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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.

[/l use solid lines for x-y axies

lineType=1; |ineW dth=1;

pl ot.axi s(PLOT_AXIS XY, lineType, |lineWdth, "black");

pl ot . border (PLOT_BORDER ALL, PLOT_OFF); [// no border
plot.ticsMrror(PLOT_AXIS XY, PLOT_OFF); // no tics on mrror
plot.grid(PLOT_QN, "front"); /1 turn grids on

pl ot . enhanceText (); /'l use enhanced text

In addition, if CPlot::plotType() has been called with PLOT_PLOTTY PE_FILLEDCURVE multiple
times for filled curves, such as

pl ot . pl ot Type( PLOT_PLOTTYPE_FI LLEDCURVES, num "y1=20", "blue");
CPlot::mathCoord() calls
plot.fillStyle(num PLOT_FILLSTYLE TRANSPARENT_SOLI D, 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 mem-
ber functions.

This function is useful for beginners to learn math using CPlot.
Example 1

/* File: mathCoord.ch */
#i ncl ude <mat h. h>

#i ncl ude <chpl ot. h>

#i ncl ude <nuneric. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPl ot plot;

li ndata(-180, 180, x);
y = sin(x*M_PI/180);
pl ot . mat hCoord();
pl ot . dat a2D( x, y);
plot.plotting();

}

Output
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0.8

0.6

0.4

0.2 /

-0.4

-0.6

-0.8

-200 -150 -100 -50 0 50 100 150 200

Example 2

/* File: mat hCoord_2.ch
Plotting the inequality y < 8x+40 and y < 10x+30 for x fromO to 16. */
#i nclude <chplot.h> /* for CPlot */

doubl e func(doubl e x) {

doubl e vy;
y =8 * x + 40;
return vy;

}

doubl e func2(double x) {
doubl e vy;
y =10 * x + 30;
return vy;

}

int main() {
CPl ot plot;
int num= 0;

pl ot . mat hCoord();

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

pl ot. | abel (PLOT_AXI S_X, "x");

pl ot. | abel (PLOT_AXIS_Y, "y");

pl ot . axi sRange( PLOT_AXI S_Y, 20, 200);

pl ot. func2D(0, 16, 500, func);

pl ot. pl ot Type( PLOT_PLOTTYPE_FI LLEDCURVES, num "y1=20", "blue");

pl ot. func2D(0, 16, 500, func2);

numt+;

pl ot. pl ot Type( PLOT_PLOTTYPE_FI LLEDCURVES, num "y1=20", "yellow")
plot.plotting();

return O;

}

Output: The output is similar to that from the program mat hCoor d 2. cpp described in
CPlot::fillStyle() on page (83l
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See Also

CPlot::outputType

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, doubley_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_0rg 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

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.
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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 CoreDRAW.

dxf AutoCAD DXF.

dxy800a Roland DXYS800A plotter.

eepic Extended IETEXpicture.

emtex IXTpXpicture with emTeX specials.

epson-180dpi
epson-60dpi
epson-1x800
excl

fig

gif

gpic
hp2648
hp500c

hpd;j

hpgl

hpljii

hppj

latex

mf

mif

nec-cpb
okidata

pcl5

pbm

pdf

png
postscript

Epson LQ-style 24-pin printer with 180dpi.
Epson LQ-style 24-pin printers with 60dpi.

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.
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pslatex IXTeXpicture with postscript specials.
pstricks IXTpXpicture with PSTricks macros.
starc Star Color Printer.

tandy-60dpi Tandy DMP-130 series printers.
texdraw IATEXtexdraw format.

tgif TGIF X-Window drawing format.
tpic IATEX picture with tpic specials.

ai f m Output an Adobe Illustrator 3.0 file. The format for the terminal string is:
“aifm[col ornmode] [\"fontname\"] [fontsize]"

col or node can be col or or ronochr one.
f ont name is the name of a valid PostScript font.
f ont si ze is the size of the font in points.

Defaults are nonochr one, " Hel veti ca" and 14pt.

Example: pl ot . out put Type( PLOT QUTPUTTYPEFI LE, "aifmcolor"”, "plot.aif");
cor el Output EPS format for CoreDRAW.

Example: pl ot . out put Type( PLOT OQUTPUTTYPEFI LE, "corel", "plot.eps");
dxf Output AutoCAD DXF file.

Example: pl ot . out put Type( PLOT_ QUTPUTTYPE FI LE, "dxf", "plot.dxf");
dxy800a Output file for Roland DXY800A plotter.

Example: pl ot . out put Type( PLOT_ QUTPUTTYPE FI LE, "dxy800a", "plot.dxy");
eepi ¢ Output extended I&TXpicture.

Example: pl ot . out put Type( PLOT_ QUTPUTTYPE FI LE, "eepic", "plot.tex");
ent ex Output IKIXpicture with emTeX specials.

Example: pl ot . out put Type( PLOT_ QUTPUTTYPE FI LE, "em ex", "plot.tex");
epson- 180dpi Epson LQ-style 24-pin printers with 180dpi.

Example: pl ot . out put Type( PLOT_ QUTPUTTYPE FI LE, "epson-180dpi", "plot");
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epson- 60dpi Epson LQ-style 24-pin printers with 60dpi.
Example: pl ot . out put Type( PLOT_OQUTPUTTYPE_FI LE, "epson-60dpi", "plot");

epson- | x800 Epson LX-800, Star NL-10 and NX-100.

Example: pl ot . out put Type( PLOT QUTPUTTYPE FI LE, "epson-Ix800", "plot");

excl Talaris printers such as EXCL Laser printer and 1590.

Example: pl ot . out put Type( PLOT_OQUTPUTTYPE_FI LE, "excl", "plot");
fi g Xfig3.1 file. The format for the terminal string is:

"fig [col ornode] [size] [pointsmax numpoints] [orientation]
[units] [fontsize fntsize] [size xsize ysize] [thickness wi dth]
[depth | ayer]™

col or node can be nronochr one or col or

sizecanbesnal | orbig

NuMpPOi nt s is the maximum number of points per polyline.

orientation can be | andscape or portrait. units can be netric or i nches.
f ont si ze is the size of the text font in points. Must be preceded by the f ont si ze keyword.
xsi ze and ysi ze set the size of the drawing area. Must be preceded by the Si ze keyword.
Wi dt h is the line thickness. Must be preceded by the t hi ckness keyword.

| ayer is the line depth. Must be preceded by the dept h keyword.

Default values are: ronochr ome smal | poi ntsmax 1000 | andscape i nches
fontsize 10 thickness 1 depth 10.
Example: pl ot . out put Type( PLOT OQUTPUTTYPEFI LE, "fig col or big",

"plot.fig");
gi f GIF file format. The format for the terminal string is:

"gif [transparent] [interlace] [font size] [size X,VY]
[colorO colorl color2 ...]

Specifying the t r anspar ent keyword will generate a transparent GIF. By default, white is
the transparent color.

Specifying the i nt er | ace key word will generate an interlaced GIF.

font sizeissmal | (6x12 pixels), medi um(7x13 pixels), or | ar ge (8x16 pixels).

X and y are the image size in pixels. Must be preceded by the si ze keyword.

col or s 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.
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The default values are: smal | si ze 640, 480

Example: pl ot . out put Type( PLOT_.QUTPUTTYPEFI LE, "gif size 1024, 768",
"plot.gif");

gpi ¢ Output for use with the Free Software Foundation gpic/groff p package. The format for the
terminal string is:

“gpic [x] [y]”
where X and y are the location of the origin. Default is (0,0).

Example: pl ot . out put Type( PLOT QUTPUTTYPEFI LE, "gpic 5 5", "plot.gpic");

hp2633a Hewlett Packard HP2623A.

Example: pl ot . out put Type( PLOT_OUTPUTTYPE FI LE, "hp2633a", "plot");

hp2648 Hewlett Packard HP2647 an HP2648.

Example: pl ot . out put Type( PLOT_OUTPUTTYPEFI LE, "hp2648", "plot");

hp500c Hewlett Packard DeskJet 500c. The format for the terminal string is:

"hp500c [resolution] [conpression]”
resol utioncanbe 75,100, 150, or 300 dpi.
conpressioncanberleortiff.

Example: pl ot . out put Type( PLOT_OQUTPUTTYPE_FI LE, "hp500c 100 tiff",
"plot");
" hpdj : Hewlett Packard DeskJet 500. The format for the terminal string is:
"hp500c [resolution]"”

resol uti oncanbe 75,100, 150, or 300 dpi. Default is 75.

Example: pl ot . out put Type( PLOT_OUTPUTTYPEFI LE, "hpdj 100", "plot");

hpgl Produces HPGL output for devices such as the HP7475A plotter. The format for the terminal
string is:

"hpgl [numof pens] [eject]"
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numof _pens is the number of available pens. The default is 6.
ej ect is a keyword that tells the plotter to eject a page when done.

Example: pl ot . out put Type( PLOT OQUTPUTTYPE FI LE, "hpgl 4", "plot");

hpl jii HP LaserJet II

Example: pl ot . out put Type( PLOT QUTPUTTYPE FI LE, "hpljii", "plot");
item[hppj ] HP PaintJet and HP3630 printers. The format for the terminal string is:
“hppj [font]"
f ont can be FNT5X9, FNT9x17, or FNT13X25. Default is FNT9x17.

Example: pl ot . out put Type( PLOT_OQUTPUTTYPE_FI LE, "hppj FNT5X9", "plot");
| at ex Output a I&TgXpicture. The format of the terminal string is:

"latex [font] [size]"

where f ont can be couri er or r oman and Si ze can be any point size. Default is r oman
10pt.

Example: pl ot . out put Type( PLOT_ QUTPUTTYPE FI LE, "Il atex", "plot.tex");
nf Output file for the MetaFont program.
Example: pl ot . out put Type( PLOT_QUTPUTTYPE_FI LE, "nf", "plot.nf");
m f Output Frame Maker MIF file format version 3.00. The format of the terminal string is:
"mf pentype curvetype"
pent ype can be: col our or nbnochr one.

cur vet ype can be:

pol yl i ne curves drawn as continuous lines
vect or s curves drawn as a collection of vectors

Example: pl ot . out put Type( PLOT OQUTPUTTYPE FI LE, "nmni f col our vectors",
"plot.mf");

nec- cp6 Generic 24-pin printer such as NEC CP6 and Epson LQ-800.
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The format for the terminal string is:
"nec-cp6a [option]

opt i on can be nronochr one,col our,ordraft.

Example: pl ot . out put Type( PLOT_ QUTPUTTYPE FI LE, "nec-cp6a draft",

oki dat a 9-pin OKIDATA 320/321 printers.

"plot");

Example: pl ot . out put Type( PLOT_OQUTPUTTYPE_FI LE, "okidata", "plot");

pcl 5 Hewlett Packard LaserJet III. This actually produces HPGL-2. The format of the terminal

string is:
"pcl 5 [nmode] [font] [fontsize]"
node is| andscapeorportrait.

font isstick,univers,orcg._tines.
f ont si ze is the font size in points.

Example: pl ot . out put Type( PLOT_.OUTPUTTYPEFI LE, "pcl5 | andscape”,

pbm Output a Portable BitMap. The format for the terminal string is:
"pbm [fontsize] [col ornode]”

fontsizeissmal | ,medi umorl ar ge.
col or mode is ronochr ome, gr ay, or col or.

Example:
pl ot . out put Type( PLOT_QUTPUTTYPE_FI LE, "pbm nmedi um gray",

"pl ot.pbn');
png Portable Network Graphics format. The format of the terminal string is:
"png [fontsize]"

fontsizecanbesmal | ,medi umorl ar ge.

"plot");

Default is smal | and monochr omre with the output size of 640x480 pixel. Use member func-

tion CPlot::size() to change the size of the plot.

Example:

pl ot . out put Type( PLOT_.QUTPUTTYPE_FI LE, "png", "plot.png");
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post scri pt This produces a postscript file. The format for the terminal string is:

"postscript [node] [col ornode] [dash] [\"fontname\"] [fontsize]

node can be | andscape,portrait,eps,ordefault
col or node can be col or or nonochr one.

dash can be sol i d or dashed.

f ont name is the name of a valid PostScript font.

f ont si ze is the size of the font in points.

The def aul t mode is | andscape, nobnochr one, dashed, " Hel veti ca", 14pt.
Example: pl ot . out put Type( PLOT_OUTPUTTYPE_FI LE, "post scri pt eps \"Ti nes\"
11", "plot.eps");
psl at ex Output ISTgXpicture with postscript specials.
Example: pl ot . out put Type( PLOT _ QUTPUTTYPE FI LE, "pslatex", "plot.tex");

pst ri cks Output IATEXpicture with PSTricks macros.

Example: pl ot . out put Type( PLOT QUTPUTTYPE FI LE, "pstricks", "plot.tex");
st ar ¢ Star Color Printer.

Example: pl ot . out put Type( PLOT QUTPUTTYPE FI LE, "starc", "plot");
t andy- 60dpi Tandy DMP-130 series printers.

Example: pl ot . out put Type( PLOT OQUTPUTTYPE FI LE, "tandy-60dpi", "plot");
t exdr aw Output IATEXtexdraw format.

Example: pl ot . out put Type( PLOT _ QUTPUTTYPE FI LE, "texdraw', "plot.tex");
tgi f Output TGIF X-Window drawing format.

Example: pl ot . out put Type( PLOT OQUTPUTTYPEFI LE, "tgif", "plot.tgif");

t pi ¢ Output I&TEXpicture with tpic specials.

Example: pl ot . out put Type( PLOT QUTPUTTYPE FI LE, "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
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it as the filename. For example, on Unix systems, setting terminal to “post scri pt ” and filename
to “| | p” 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 */
#i ncl ude <nat h. h>

#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
string_t title="Si ne Wave", /1 Define |abels.
x| abel =" Degr ees",
yl abel =" Anpl i t ude";
class CPl ot plot;

lindata(0, 360, Xx);
y = sin(x*M_PI/180); /1 Y-axis data.
plot.title(title);
pl ot. | abel (PLOT_AXI S_X, xl abel);
pl ot. | abel (PLOT_AXI S_Y, vyl abel);
pl ot . dat a2D( x, y);
pl ot. out put Type( PLOT_OQUTPUTTYPE_FI LE, "postscript eps color", "plot.eps");
plot.plotting();
}

Output

Sine Wave
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\
02}/ \\ o
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\ /
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0.2 \ /
/
04} \ / i
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os) \ . // | ]
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Degrees

Example 2

/* File: outputType_2.ch */
/* In this exanple, the plot is saved as an xfig file first.
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Next the xfig programis invoked. The plot can then be edited using xfig in Unix */
#i ncl ude <mat h. h>
#i ncl ude <chplot. h>

int main() {
doubl e x[20], y[30], z[600];
int i,j;
class CPlot plot;

lindata(-3, 3, x);
lindata(-4, 4, y);
for(i=0; i<20; i++) {
for(j=0; j<30; j++) {
z[30% i+ ] = 3*(L-x[i])*(1-x[i])*exp(-(x[i]*x[i])-(y[i]+1)*(y[j]+1))
- 10%(x[1]1/5 - x[i]*x[i]*x[i]-pow(y[j],5))*exp(-x[i]*x[i]-y[i]l*y[il)
} - U 3*exp(- (x[1]1+1)*(x[1]1+1)-y[j1*y[j]);

}

pl ot.data3D(x, y, z);

pl ot . out put Type( PLOT_OUTPUTTYPE_FI LE, "fig color", "../output/outputType_2.fig");
pl ot.plotting();

xfig ../output/outputType_2.fig&

}
Output

|
|

=

I_ .
=

I_.
I'_

s

Example 3

To run this code as a CGI program in a Web server, place outputType.ch in your cgi - bi n directory. If
you place outputType.ch in a different directory, change / cgi - bi n 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 */
#i ncl ude <mat h. h>

#i ncl ude <chpl ot. h>

int main() {
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int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
string_t title="Sine Wave",
x| abel =" Degr ees",
yl abel =" Anpl i t ude";
class CPlot plot;

lindata(0, 360, Xx);
y = sin(x*M_PI/180);
set buf (stdout, NULL);
printf("Content-type: image/ png\n\n");
plot.title(title);
pl ot .| abel (PLOT_AXI S_X, xl abel);
pl ot. | abel (PLOT_AXIS_Y, yl abel);
pl ot . dat a2D( x, Vy);
pl ot . out put Type( PLOT_OQUTPUTTYPE_STREAM "png col or");
plot.plotting();
}

outputType.html

<l this file is called outputType. htm >
<htm >

<head>

<title>

Exanpl e Pl ot

</title>

</ head>

<inmg src="/cgi-bin/output Type.ch">

</htm >

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 _PLOTTY PE_IMPUL SES, num)
plotType(PLOT _PLOTTY PE_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)
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plotType(PLOT_PLOTTYPE_DOTS, num, dot_type)
plotType(PLOT _PLOTTYPE_SURFACES, hum)
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)
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_IMPUL SES, num, line_type, line_width)
plotType([PLOT_PLOTTY PE_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.
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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_IMPUL SES Display vertical lines from the x-axis (for 2D plots) or the xy
plane (for 3D plots) to the data points.

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 ((x14+x2)/2,y1) to ((x14+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 Thefi | | edcur ves plot type 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, cl osed, 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 opt i on for this plot type is the same as that for the arrow style
defined on page [9] 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.
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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 yerr or bar s
PLOT_PLOTTYPE_YERRORBARS plot types. The boxwidth will come from the fourth
column if the y errors are in the form of "ydel t a" and the boxwidth was not previously
set equal to -2.0 by the member function CPlot::boxWidth() or from the fifth column if the
y errors are in the form of "yl ow yhi gh". The special case CPlot::boxWidth(-2.0) is for
four-column data with y errors in the form "yl ow yhi gh". 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::fill Style().

PLOT_PLOTTYPE_ BOXXYERRORBARS The boxxyerr or bar s plot type is only relevant to
2-d data plotting. It is a combination of the boxes PLOT_PLOTTYPE BOXES and
xyerrorbars PLOT_PLOTTYPE_XYERRORBARSDplot types. The box width and height
are determined from the x and y errors in the same way as they are for the Xyer r or bar s 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::fill Style().

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 whi sker bar s
to the opt i on 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.

pl ot . dat aFi | e("candl esti cks.dat", "using 1:3:2:6:5");
pl ot. pl ot Type( PLOT_PLOTTYPE_CANDLESTI CKS, 0,
"linetype 1 linewidth 2 whiskerbars 0.5");
pl ot. dat aFil e("candl esticks.dat", "using 1:4:4:4:4");
pl ot. pl ot Type( PLOT_PLOTTYPE_CANDLESTI CKS, 1, "linetype -1 linewidth 2");

It assumed that the data in file candl est i cks. dat contains the following entries

# X Mn IstQuartil e Median 3rdQuartile Max
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1 1.5 2 2.4 4 6.
2 1.5 3 3.5 4 5.5
3 4.5 5 5.5 6 6.5

The plot will have crossbars on the whiskers and crossbars are 50% of full width.

PLOT _PLOTTYPE_FINANCEBARS The fi nancebar s 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::bar Size(). The symbol
will be unchanged if the high and low prices are interchanged.

PLOT _PLOTTYPE_XERRORBARS The xer r or bar s plot type is only relevant to 2D data plot-
ting. The Xer r or bar s 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::bar Size() is called).

PLOT _PLOTTYPE_XYERRORBARS The xyer r or bar s plot type is only relevant to 2D data
plotting. The xyerror bar s is like dot s, 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::bar Size() is called).
If data in a file are provided in an unsupported mixed form, the option usi ng 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

pl ot.dataFile("datafile", "using 1:2:($1-%$3): ($1+$3):4:5");
pl ot . pl ot Type( PLOT_PLOTTYPE_XYERRORBARS, pl ot. dataSet Num());

PLOT_PLOTTYPE_YERRORBARS The yer r or bar s (or er r or bar s) plot type is only rele-
vant to 2D data plotting. The yerr or bar s is like poi nt s, 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::bar Size() is called).

PLOT _PLOTTYPE_XERRORLINES The xerrorl i nes plot type is only relevant to 2D data
plotting. The xer r or | i nes is like | i nespoi nt s, 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::bar Size() is called).

PLOT _PLOTTYPE_XYERRORLINES The xyerrorl i nes plot type is only relevant to 2D data
plotting. The xyerrorl i nesislikel i nespoi nt s, except that a horizontal and vertical er-
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::bar Size() is called).
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If data in a file are provided in an unsupported mixed form, the option usi ng 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

pl ot.dataFile("datafile", "using 1:2:($1-$3): ($1+$3):4:5");
pl ot . pl ot Type( PLOT_PLOTTYPE_XYERRORLI NES, pl ot. dat aSet Num());
PLOT_PLOTTYPE_.YERRORLINES The yerrorlines (or errorlines) plot type is only
relevant to 2D data plotting. The yerror | i nes is like | i nespoi nt s, 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::bar Size() 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 line_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 opt i on for the plot type PLOT_PLOTTYPE_VECTORS:is the same as that for the arrow
style defined on page [l for member function CPlot::arrow().

2. The opt i on for the plot type PLOT_PLOTTYPE_CANDLESTICKS:is as follows.
{ {linetype | It <line_type>}
{linewdth | Iw <line_w dth}
{whi skerbars [fraction_val ue]}

}

It specifies line type and line width. The whi sker bar s extend the full horizontal width of the
candlestick. The optional f racti on_val ue in the range [0, 1.0] specifies a fraction of the
full width of whiskerbars.

3. The opt i on for the plot type PLOT _PLOTTYPE _FILLEDCURVES:is as follows.

{ [closed | {above | below} {x1 | x2 | yl1 | y2}[=<a>] | xy=<x>, <y>]
{l'inetype | It <line_type>}

}

The plot variants for PLOT_PLOTTYPE_FILLEDCURVES can be further modified by the
options

cl osed ... just filled closed curve,

x1 ... X1 axis,

X2 ... X2 axis, etc for yl and y2 axes,

y1=0 ... line y=0 (at yl1 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).
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An example of filling the area between two input curves using three columns of data is as follows.

pl ot.dataFile("datafile", "using 1:2:3");
pl ot . pl ot Type( PLOT_PLOTTYPE FI LLEDCURVES, pl ot. dataSet Num());

The above and bel owin the form

above {x1|x2|yl|y2}=<val >
bel ow {x1| x2| y1| 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 col or to change the color for the filled area. For example,
pl ot. pl ot Type( PLOT_PLOTTYPE_FI LLEDCURVES, 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 | i net ype in the third argument can be used to change the color for the
filled area. For example,

pl ot. pl ot Type(PLOT_PLOTTYPE_FI LLEDCURVES, num "y1=0 |inetype 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_LINESPOINT Sare 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 usi ng
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 usi ng 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().

For three columns data, only xerror bars, yerrorbars, xerrorlines, yerrorlines,
boxes, boxerrorbars,andfill edcurves are allowed. If other plot type is used, the type will be
changed to yerr or bar s.

For four columns, only Xxerrorbars, yerrorbars, xyerrorbars, xerrorlines,
yerrorlines, xyerrorlines, boxxyerrorbars, and boxerrorbars are allowed. An il-
legal plot type will be changed to yer r or bar s.

Five-column data allow only the boxer r or bars, financebars,andcandl esti cks plot types.
An illegal style will be changed to boxer r or bar s before plotting.

Six- and seven-column data only allow the Xyerrorbars, xyerrorlines, and
boxxyer r or bar s plot types. Illegal styles will be changed to xyer r or bar s 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_typeis an optional argument specify-
ing an index for the line type used for drawing the line. The line type varies depending on the terminal type
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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_typeis 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 post scri pt (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 post scri pt ter-
minal 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: plotType4.ch */
#i ncl ude <chpl ot. h>

int main() {
doubl e x, v;
string_t text;
int datasetnune0, point_type = 1, point_size = 5;
class CPl ot plot;

pl ot. axi sRange( PLOT_AXI S_X, 0, 7);

pl ot . axi sRange(PLOT_AXIS_Y, 0, 5);

plot.title("Point Types in Ch Plot");

for (y =4;, vy >=1; y--) {

for (x =1, x <= 6; x++) {

sprintf(text, "%l", point_type);
plot.point(x, y, 0);
pl ot. pl ot Type( PLOT_PLOTTYPE_PO NTS, dat aset nunj;
pl ot . poi nt Type(dat aset num poi nt _type, point_size);
plot.text(text, PLOT_TEXT_RIGHT, x-.25, y, 0);
dat aset num++; poi nt _t ype++;

}
}
plot.plotting();
}
Output

Output displayed in Window.
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Output
Output displayed in X-window.

Output
Output as a postscript file.
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Point Types in Ch Plot
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Output as a PNG file.
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Example 2

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 */
#i ncl ude <chpl ot. h>

int main() {
double x, vy, xx[2], yy[2];
string_t text;
int line_type = -1, line_width = 2, datasetnum= 0;
class CPlot plot;

pl ot . axi sRange(PLOT_AXI S_X, 0, 5);
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pl ot . axi sRange(PLOT_AXIS_Y, 0, 4);

pl ot.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, "%l", line_type);
li ndata(x, x+.5, xx);
lindata(y, y, yy);
pl ot . dat a2D( xx, vyy);
pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, dat aset num;
plot.lineType(datasetnum line_type, |ine_w dth);
plot.text(text, PLOT_TEXT_RICGHT, x-.125, y, 0);
dat aset numt++;

line_type++;
}
}
plot.plotting();
}
Output

Output displayed in Window.

L0094, 130rm

Output
Output displayed in X-window.
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Output
Output as a postscript file.

Line Types in Ch Plot

4
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Output
Output as a PNG file.
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Line Typas in Ch rlat
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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 */
#i ncl ude <chpl ot. h>

int main() {
doubl e x, v;
string_t text;
int datasetnune0, point_type = 7, point_size = 1;
class CPl ot plot;

pl ot . axi sRange(PLOT_AXI S_X, 0, 5);

pl ot. axi sRange( PLOT_AXI S Y, 0, 4);

plot.title("point Sizes in Ch Plot");

for (y =3, y>=1;, y--) {

for (x =1; x <= 4; x++) {

sprintf(text, "%l", point_size);
plot.point(x, y, 0);
pl ot. pl ot Type( PLOT_PLOTTYPE_PQO NTS, datasetnunj;
pl ot . poi nt Type(dat aset num poi nt _type, point_size);
plot.text(text, PLOT_TEXT_RIGHT, x-.375, y, 0);
dat aset numt+; poi nt _si ze++;

}
}
plot.plotting();
}
Output
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Example 4
This example shows some of the different line sizes for the postscript terminal type
(see CPlot::outputType). The appearance of lines for different terminal types may be different.

/* File: plotType7.ch */
#i ncl ude <chpl ot . h>

int main() {
double x, vy, xx[2], yy[2];
string_t text;
int line_type =1, line_width = 1, datasetnum= 0;
class CPl ot plot;

pl ot. axi sRange( PLOT_AXI S_X, 0, 7);

pl ot . axi sRange(PLOT_AXIS_ Y, 0, 5);

plot.title("line Wdths in Ch Plot");

for (y =4;, vy >=1; y--) {

for (x =1; x <= 6; x++) {

sprintf(text, "%l", line_w dth);
lindata(x, x+.5, xx);
lindata(y, y, yy);
pl ot . dat a2D( xx, vyy);
pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, dat aset nun ;
plot.lineType(datasetnum line_type, |ine_w dth);
plot.text(text, PLOT_TEXT_RICGHT, x-.125, y, 0);
dat aset numt+;

i ne_wi dt h+=2;
}
}
plot.plotting();
}
Output
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line Widths in Ch Plot
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Example5

/* File: plotTypel.ch */
#i ncl ude <chpl ot. h>
#i ncl ude <mat h. h>

int main() {
class CPl ot subplot, *spl;
array doubl e x1[30], y1[30];
int line_type =1, line_width = 1;
int point_type = 7, point_size = 1;

lindata(-MPlI, MPl, x1);

yl = sin(x1);

subpl ot . subpl ot (3, 3);

spl = subpl ot. get Subpl ot (0, 0);

spl - >dat a2D( x1, y1);

spl - >axi sRange( PLOT_AXIS_Y, -1, 1);
spl->ti csRange(PLOT_AXIS_ Y, 0.5, -1, 1);
spl - >pl ot Type( PLOT_PLOTTYPE_LI NES, 0);
spl - >l abel (PLOT_AXI S_XY, NULL);
spl->title("PLOT_PLOTTYPE LI NES");

spl = subpl ot. get Subpl ot (0, 1);

spl - >dat a2D( x1, y1);

spl - >axi sRange( PLOT_AXIS_Y, -1, 1);

spl ->ti csRange(PLOT_AXIS_ Y, 0.5, -1, 1);
spl - >pl ot Type( PLOT_PLOTTYPE_| MPULSES, 0);
spl - >l abel (PLOT_AXI S_XY, NULL);
spl->title("PLOT_PLOTTYPE_| MPULSES");
spl = subpl ot. get Subpl ot (0, 2);

spl - >dat a2D( x1, y1);

spl - >axi sRange( PLOT_AXIS Y, -1, 1);
spl->ti csRange(PLOT_AXIS_ Y, 0.5, -1, 1);
spl - >pl ot Type( PLOT_PLOTTYPE_STEPS, 0);
spl - >l abel (PLOT_AXI S_XY, NULL);

spl ->title("PLOT_PLOTTYPE_STEPS");

spl = subpl ot. get Subpl ot (1, 0);

spl - >dat a2D( x1, y1);

spl - >axi sRange( PLOT_AXIS_Y, -1, 1);

spl ->ti csRange(PLOT_AXIS_ Y, 0.5, -1, 1);
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}

spl - >pl ot Type( PLOT_PLOTTYPE_FSTEPS, 0);
spl - >l abel (PLOT_AXI S_XY, NULL);
spl->title("PLOT_PLOTTYPE_FSTEPS");

spl = subpl ot. get Subpl ot (1, 1);

spl - >dat a2D( x1, y1);

spl - >axi sRange( PLOT_AXIS_ Y, -1, 1);

spl ->ti csRange(PLOT_AXIS_ Y, 0.5, -1, 1);
spl - >pl ot Type( PLOT_PLOTTYPE_PO NTS, 0);
spl - >poi nt Type( 0, point_type, point_size);
spl - >l abel (PLOT_AXI S_XY, NULL);
spl->title("PLOT_PLOTTYPE_PO NTS");

spl = subpl ot. get Subpl ot (1, 2);

spl - >dat a2D( x1, y1);

spl - >axi sRange( PLOT_AXIS_Y, -1, 1);

spl ->ti csRange(PLOT_AXIS_ Y, 0.5, -1, 1);
spl - >pl ot Type( PLOT_PLOTTYPE_LI NESPA NTS, 0);
spl->lineType(0, line_type, line_width);
spl - >poi nt Type( 0, point_type, point_size);
spl - >l abel (PLOT_AXI S_XY, NULL);

spl ->title("PLOT_PLOTTYPE LI NESPO NTS");
spl = subpl ot. get Subpl ot (2, 0);

spl - >dat a2D( x1, y1);

spl - >axi sRange( PLOT_AXIS_Y, -1, 1);

spl ->ti csRange(PLOT_AXIS_ Y, 0.5, -1, 1);
spl - >pl ot Type( PLOT_PLOTTYPE_DOTS, 0);

spl - >l abel (PLOT_AXI' S_XY, NULL);
spl->title("PLOT_PLOTTYPE_DOTS");

spl = subpl ot. get Subpl ot (2, 1);

spl - >dat a2D( x1, y1);

spl - >axi sRange( PLOT_AXIS Y, -1, 1);

spl ->ti csRange(PLOT_AXIS_ Y, 0.5, -1, 1);
spl - >pl ot Type( PLOT_PLOTTYPE_HI STEPS, 0);
spl - >l abel (PLOT_AXI S_XY, NULL);
spl->title("PLOT_PLOTTYPE_H STEPS") ;
subpl ot. plotting();

Output
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Example 6

/* File: plotType2.ch */
#i ncl ude <math. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 360,
nunpt s=10;

array doubl e xO[ nunpoi nts],
array doubl e x1[ nunpoi nts],
y2[ nunpt s] ;
array doubl e x3[ nunpoi nts],

array doubl e x2[ nunpts],

PLOT_PLOTTYPE_IMPULSES

1 —.—.—.—,7\—.— 5

0.5

0 ——o; ————————————— . ———————————————— o

o051 &% & -
® @

_1—I—U—l—l—l—l—‘
-4-3-2-1012 3 4

PLOT_PLOTTYPE_HISTEPS
1

/'l nunber of data points
/1l nunber of data points
yO[ nunpoi nt s] ;
y1[ nunpoi nts];

y3[ nunpoi nt s] ;

int line_type=1, line_wi dth =5;

class CPlot plot;

lindata(0, 360, xO0);
y0 = sin(x0*M_PI/180);
lindata(0, 90, x1);

yl = sin(x1*M_PI/180);
I'i ndat a(90, 180, x2);
y2 = sin(x2*M_PI/180);

lindata(270, 360, x3); // assign x3 with 90 <= x3 <=

y3 = sin(x3*M_PI/180);
pl ot . dat a2D( x0, yO0);
pl ot. data2D(x1, yl);
pl ot . dat a2D( x2, y2);
pl ot . dat a2D( x3, y3);

/1 array

y3 is sine of array x3,

CPlot::outputType

PLOT_PLOTTYPE_STEPS
1

1
0.5
0
-0.5
-1

4-3-2-101 2 3 4

/] assign xO0 with -10 <= x0 <= 360 linearly
/1 array y0 is sine of array xO,
/] assign x1 with 0 <= x1 <= 90 linearly
/1 array yl is sine of array x1,
/1 assign x2 with 90 <= x2 <=
/1 array y2 is sine of array x2,
180 linearly

el ement - wi se

el enent -wi se

180 linearly

el enent -wi se

el enent - w se

pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, 0); /1 line for (X,Y)
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Il
Il
/1
Il

i mpul se
i mpul se
i mpul se
get the

pl ot for
pl ot for
pl ot for

plotting

CPlot::outputType

(x1, y1)
(x2, y2)
(x3, y3)
j ob done

plot.lineType(0, line_type, |ine_width);
pl ot. pl ot Type( PLOT_PLOTTYPE_I| MPULSES, 1);
pl ot. pl ot Type( PLOT_PLOTTYPE_I| MPULSES, 2);
pl ot. pl ot Type( PLOT_PLOTTYPE_I| MPULSES, 3);
plot.plotting();
}
Output
-05 |
1 L L L
0 50 100 150
Example 7
/* File: plotType3.ch */

#i ncl ude <chpl ot. h>
#i ncl ude <mat h. h>

int main() {

1, line_width = 1;
7, point_size = 1;
z[ 256] ;

int line_type =
int point_type =
doubl e x[16], y[16],
doubl e r;
int i, j;
class CPl ot subplot, *spl;
l'i ndata(-10, 10, x);
lindata(-10, 10, vy);
for(i=0; i<16; i++) {
for(j=0; j<16; j++) {
ro=sqart(x[i]1*x[i]+y[j1*y[j]);
z[16*i+4j] = sin(r)/r;
}
}
subpl ot . subpl ot (2, 3);
spl = subpl ot. get Subpl ot (0, 0);
spl ->dat a3D(x, y, z);

200

spl - >axi sRange( PLOT_AXIS Z, -.4, 1.2);
spl ->ti csRange(PLOT_AXIS_Z, .4, -.4, 1.2);
spl - >axi sRange( PLOT_AXI S_XY, -10, 10);

spl ->ti csRange( PLOT_AXI S_XY, 5, -10,
spl - >pl ot Type( PLOT_PLOTTYPE_LI NES, 0);
spl - >col or Box( PLOT_OFF) ;

10);
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}

spl - >l abel (PLOT_AXI S_XYZ, NULL);
spl->title("PLOT_PLOTTYPE_LI NES");

spl = subpl ot. get Subpl ot (0, 1);

spl ->dat a3D(x, y, z);

spl - >axi sRange( PLOT_AXIS 7, -.4, 1.2);

spl ->ti csRange(PLOT_AXIS Z, .4, -.4, 1.2);
spl - >axi sRange( PLOT_AXI S_XY, -10, 10);

spl ->ti csRange( PLOT_AXI S_XY, 5, -10, 10);
spl - >pl ot Type( PLOT_PLOTTYPE_I MPULSES, 0);
spl - >col or Box( PLOT_OFF) ;

spl - >l abel (PLOT_AXI S_XYZ, NULL);
spl->title("PLOT_PLOTTYPE | MPULSES");

spl = subpl ot. get Subpl ot (0, 2);

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

spl - >axi sRange( PLOT_AXIS_Z, -.4, 1.2);

spl ->ti csRange(PLOT_AXIS Z, .4, -.4, 1.2);
spl - >axi sRange( PLOT_AXI S_XY, -10, 10);

spl ->ti csRange( PLOT_AXI S_XY, 5, -10, 10);
spl - >pl ot Type( PLOT_PLOTTYPE_PQO NTS, 0);
spl - >poi nt Type( 0, point_type, point_size);
spl - >col or Box( PLOT_OFF) ;

spl - >l abel (PLOT_AXI S_XYZ, NULL);
spl->title("PLOT_PLOTTYPE_ PO NTS");

spl = subpl ot. get Subpl ot (1, 0);

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

spl - >axi sRange( PLOT_AXIS_Z, -.4, 1.2);

spl ->ti csRange(PLOT_AXIS Z, .4, -.4, 1.2);
spl - >axi sRange( PLOT_AXI S_XY, -10, 10);

spl ->ti csRange( PLOT_AXI S_XY, 5, -10, 10);
spl - >pl ot Type( PLOT_PLOTTYPE_LI NESPA NTS, 0);
spl ->li neType(0, line_type, line_w dth);
spl - >poi nt Type(0, point_type, point_size);
spl - >col or Box( PLOT_CFF) ;

spl - >l abel (PLOT_AXI S_XYZ, NULL);

spl ->title("PLOT_PLOTTYPE LI NESPO NTS");

spl = subpl ot. get Subpl ot (1, 1);

spl ->dat a3D(x, y, z);

spl - >axi sRange( PLOT_AXI S Z, -.4, 1.2);
spl->ti csRange(PLOT_AXIS_Z, .4, -.4, 1.2);
spl - >axi sRange( PLOT_AXI S_XY, -10, 10);

spl ->ti csRange( PLOT_AXI S_XY, 5, -10, 10);
spl - >pl ot Type( PLOT_PLOTTYPE_SURFACES, 0);
spl - >l abel (PLOT_AXI'S_XYZ, NULL);
spl->title("PLOT_PLOTTYPE_SURFACES");
subpl ot. plotting();

Output
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TN '“\%«:4 il
0 EZLANES 0 I
0.4 LB 0.4
0 10
-1 -1

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

/* File: plotType_v.ch */
#i ncl ude <chpl ot. h>

char *arrowstyle[] = {
"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 linew dth 3",
"head enpty size screen 0.03,15,135 linetype 3 linewidth 3",
"nohead linetype 1 linewi dth 4",
"heads size screen 0.008,90 linetype 3 linewi dth 4"

}s

int main () {
class CPl ot plot;
int i;
plot. | abel (PLOT_AXIS X, "");
pl ot. | abel (PLOT_AXIS Y, "");
pl ot . axi sRange( PLOT_AXI S_X, -1000, 1000);
pl ot. axi sRange( PLOT_AXI S_Y, -178, 86);
pl ot . bor der (PLOT_BORDER_ALL, PLOT_ON);
plot.ticsMrror(PLOT_AXI S_XY, PLOT_ON);
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for(i=0; i<sizeof(arrowstyle)/sizeof(char*); i++) {
pl ot.arrow -500, -100- 10*i, 0, 500, -100-10*i,0, arrowstyle[i]);
}
pl ot. dataFile("arrowstyle.dat", "using 1:2:(0):3");
pl ot. pl ot Type( PLOT_PLOTTYPE_VECTORS, 0, arrowstyle[O0]);
plot.l egend("arrow style 0", 0);
plot.plotting();

}

The contents of datafilear r owst yl e. dat in Example 8
-1000 37 -41
- 959 11 -49
-918 -16 -48

Output
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-1000 500 0 500 1000

Example 9
This example illustrates the plot type PLOT_PLOTTYPE_CANDLESTICKS.

/* File: plotType_cs.ch */
/* File: plotTtype_cs.ch to process data in candl esticks.dat */
#i ncl ude <chpl ot. h>

int main() {
class CPl ot plot;

pl ot. | abel (PLOT_AXIS X, "");

pl ot. | abel (PLOT_AXIS Y, "");

pl ot . bor der (PLOT_BORDER_ALL, PLOT_ON);
plot.ticsMrror(PLOT_AXIS_XY, PLOT_ON);
plot.title("box-and-whi sker plot addi ng nedi an val ue as bar");
pl ot . axi sRange( PLOT_AXI S_X, 0, 11);

pl ot. axi sRange( PLOT_AXI S Y, 0, 10);

pl ot. dataFil e("candl esticks.dat", "using 1:3:2:6:5");

pl ot. pl ot Type( PLOT_PLOTTYPE_CANDLESTI CKS, 0, "linetype 1 |linew dth 2 whiskerbars");
plot.fillStyle(0, PLOT_FILLSTYLE _EMPTY);

pl ot.l egend("’ candl esticks.dat’ using 1:3:2:6:5", 0);
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pl ot . dat aFi |l e("candl esticks.dat", "using 1:4:4:4:4");

CPlot::outputType

pl ot. pl ot Type( PLOT_PLOTTYPE_CANDLESTI CKS, 1, "linetype -1 linewidth 2");

pl ot.l egend("’' candl esticks.dat’ using 1:4:4:4:4", 1);
pl ot . boxW dt h( 0. 2);
plot.plotting();

return O;
}
The contents of data filecandl est i cks. dat in Example9
1 1.5 2 2.4 4 6.
2 1.5 3 3.5 4 5.5
3 4.5 5 5.5 6 6.5
Output
box-and-whisker plot adding median value as bar
10 ' ' ’candlesticks.(*:iat’ using 1:3:2:6:5 '—
‘candlesticks.dat’ using 1:4:4:4:4 —
8 - .
6 - .

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, volune,
# 50-day noving average volune, Intraday Intensity,
# 20-day noving average cl ose,
# upper Bollinger Band, |ower Bollinger Band
*/

#i ncl ude <chpl ot . h>

int main() {
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class CPl ot subplot, *plotl, *plot2;

subpl ot . subpl ot (2, 1);

subplot.title("Finance Bar");

pl ot 1 = subpl ot . get Subpl ot (0, 0) ;

pl ot 1- >l abel (PLOT_AXIS X, "");

pl ot 1- >l abel (PLOT_AXI S Y, "price");

pl ot 1- >bor der (PLOT_BORDER_ALL, PLOT_ON);
plot1->ticsMrror(PLOT_AX S_XY, PLOT_ON);

pl ot 1->dat aFi | e("fi nance.dat", "using 0:2:3:4:5");

pl ot 1- >pl ot Type( PLOT_PLOTTYPE_FI NANCEBARS, 0);

pl ot 1- >axi sRange( PLOT_AXI S_X, 50, 253);

pl ot 1- >axi sRange( PLOT_AXI S Y, 75, 105);

pl ot 1->gri d( PLOT_ON) ;

pl ot 1->ticsPosition(PLOT_AXI S_X, 66, 87, 109, 130, 151, 174, 193, 215, 235);
pl ot 1->ticsPosition(PLOT_AXIS Y, 105, 100, 95, 90, 85, 80);
plot1->ticsFormat (PLOT_AXIS X, "");

pl ot 1- >scal eType( PLOT_AXI S Y, PLOT_SCALETYPE_LOG);

pl ot 1- >dat aFi | e("fi nance.dat", "using 0:9");
pl ot 1- >dat aFi | e("fi nance.dat", "using 0:10");
pl ot 1- >dat aFi | e("fi nance.dat", "using 0:11");
pl ot 1- >dat aFi | e("fi nance.dat", "using 0:8");

pl ot 1- >axes( pl ot 1- >dat aSet Nun(), "x1ly2");
pl ot 1->text ("Courtesy of Bollinger Capital", PLOT_TEXT_CENTER, 83, 76.7, 0);
pl ot 1- >t ext (" www. Bol | i nger Bands. cont, PLOT_TEXT_CENTER, 83, 75.7, 0);

pl ot1->size(1, 0.7); [l 70%for the top plot
plot1->margins(9, -1, -1, 0); [// left marginis 9, bottommarginis O
pl ot 1->origin(0, O0.3); I/ originfor Yis 0.3

pl ot 1- >t ext ("Acnme Wdgets", PLOT_TEXT_CENTER, 150, 102, 0);

pl ot 2 = subpl ot . get Subpl ot (1, 0) ;
pl ot 2->| abel (PLOT_AXIS_X, "");
pl ot 2- > abel (PLOT_AXI S_Y, "vol ume (x10000)");
pl ot 2- >dat aFi | e("finance.dat", "using 0:($6/10000)");
pl ot 2- >pl ot Type( PLOT_PLOTTYPE_| MPULSES, 0);
pl ot 2- >dat aFi | e("finance.dat", "using 0:($7/10000)");
pl ot 2- >bor der (PLOT_BORDER ALL, PLOT_ON);
plot2->ticsMrror(PLOT_AXI S_XY, PLOT_ON);
pl ot 2->gri d( PLOT_ON) ;
pl ot 2- >axi sRange( PLOT_AXI S_X, 50, 253);
pl ot 2->ti csRange( PLOT_AXI S_Y, 500);
pl ot 2->ti csFormat (PLOT_AXI S_Y, "9%.0f");
pl ot 2->ticsPosition(PLOT_AXIS X, 66, 87, 109, 130, 151, 174, 193, 215, 235);
/* use the code below for X-label for C++ or Ch */
/*
pl ot 2->ti csLabel (PLOT_AXIS_X, "6/03", 66);
pl ot 2->ti csLabel (PLOT_AXIS_X, "7/03", 87);
pl ot 2->ti csLabel (PLOT_AXI S X, "8/03", 109);
pl ot 2->ti csLabel (PLOT_AXIS_X, "9/03", 130);
pl ot 2->ti csLabel (PLOT_AXIS_X, "10/03", 151);
pl ot 2->ti csLabel (PLOT_AXI S X, "11/03", 174);
pl ot 2->ti csLabel (PLOT_AXI S X, "12/03", 193);
pl ot 2->ti csLabel (PLOT_AXI S_X, "1/04", 215);
pl ot 2->ti csLabel (PLOT_AXI S X, "2/04", 235);
*/
pl ot 2->si ze(1, O0.3); /1 30%for the bottom pl ot
pl ot 2->margins(9, -1, 0, -1); // left marginis 9, top margin is O
subpl ot. plotting();
return O;
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}

The contents of datafilef i nance. dat in Example 10

data and indicators in finance. dat
data file | ayout:
date, open, high, low close, vol une,

HHHHH

20-day novi ng average cl ose,

# upper Bollinger Band, |ower 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

50-day novi ng average vol une, Intraday Intensity,

CPlot::outputType

Acme Widgets
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.Bo

2500 llingerBands.com

2000

1500

1000

volume (x10000)

500 H

Tiinmin

| |
66 87 109 130 151 174

Example 11

193

215

This example illustrates the plot type PLOT_PLOTTYPE_Y ERRORBARS.

/* File: plotType_eb.ch */
#i ncl ude<chpl ot . h>

int main() {
CPl ot plot;

plot.title("Errorbar type ");

pl ot .| abel (PLOT_AXI S_X, "Angle (deg)");
pl ot. | abel (PLOT_AXI S_Y, "Anplitude");
pl ot . bor der (PLOT_BORDER_ALL, PLOT_ON);
plot.ticsMrror(PLOT_AXI S_XY, PLOT_ON);
pl ot .| egendOpti on("box");
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pl ot . dat aFi |l e("bi g_peak. dat");
pl ot . pl ot Type( PLOT_PLOTTYPE_YERRORBARS, 0);
pl ot.l egend("Rate", 0);
pl ot . dat aFi |l e("bi g_peak. dat");
pl ot.snoot h(1, "csplines");
pl ot .| egend("Average", 1);
pl ot. bar Si ze(1.0);
plot.plotting();
}

The contents of data file bi g_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 T T
% Average
. % : ]
0.95 - { 1
o 09 i
=]
2
£
< 085 B
08 | 1
0.75 B
0.7 L L L L
26.5 27 275 28 285 29
Angle (deg)
Example 12

This example illustrates the plot type PLOT_PLOTTYPE_FILLEDCURVES.

/* File: filledcolors.ch */
#i ncl ude<mat h. h>
#i ncl ude<chpl ot . h>

#define N 100

doubl e func(doubl e x) {
doubl e y;

y = 1
return y;

}

int main() {
CPl ot plot;
doubl e x0, xf;
int i;
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char

pl ot

pl ot .
pl ot .
pl ot .
pl ot .
pl ot .

for(
x0
xf

2: 2D and 3D plotting <chplot.h>

option[ 64], |egend[64];

.title("Filled colors");

| egendOpt i on( " out si de");

| abel (PLOT_AXIS_ X, "");

| abel (PLOT_AXIS Y, "");

axi sRange(PLOT_AXI S_X, 0, 12);
axi sRange(PLOT_AXIS_ Y, 0, 1);

i =0; i<9; i++) {
:|,

= i+1;

sprintf(option, "y1=0 |inetype %", i);
sprintf(legend, "option: %", option);

pl ot. func2D(x0, xf, N, func);

pl ot. pl ot Type( PLOT_PLOTTYPE_FI LLEDCURVES
pl ot. | egend(l egend, i);

12

, option);

"y1l=0", "green");

9);

option: y1=0 linetype O m—

option: y1=0 linetype 1 m—

option: y1=0 linetype 2w

option: y1=0 linetype 3 m—

option: y1=0 linetype 4 m—

option: y1=0 linetype 5

option: y1=0 linetype 6

option: y1=0 linetype 7 m—

option: y1=0 linetype 8 mm—
option: y1=0 with green color m

}
x0 = i +1;
xf = 1i+2;
pl ot . func2D(x0, xf, N, func);
pl ot . pl ot Type( PLOT_PLOTTYPE_FI LLEDCURVES, 9,
pl ot.l egend("option: y1=0 with green col or"
plot.plotting();
}
Output
Filled colors
Example 13
This example illustrates the plot type PLOT_PLOTTYPE_FILLEDCURVES.
/* File: filledcolors2.ch */
#i ncl ude<mat h. h>

#i ncl ud

#def i ne

e<chpl ot . h>

N 100

doubl e func(double x, void *paran) {

doub
doub

| e of fset;
ley;
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of fset = *(doubl e*) param
y = offset;
return y;

int main() {

CPl ot plot;
doubl e of fset, x0, xf;
int i;

char option[64], |egend[64];

-10;

x0
xf 10;

plot.title("Filled colors");

pl ot .| egendOpti on("out si de");

pl ot. | abel (PLOT_AXIS X, "");

pl ot. | abel (PLOT_AXIS_ Y, "");

pl ot . axi sRange( PLOT_AXI S_X, -10, 10);
pl ot . axi sRange(PLOT_AXI S_Y, 0, 11);

for(i=0; i<9; i++) {

offset = i;
sprintf(option, "yl1=%l |inetype %", i+1, i);
sprintf(legend, "%+x: option:%", i, option);

pl ot. funcp2D(x0, xf, N, func, &offset);

pl ot. pl ot Type( PLOT_PLOTTYPE_FI LLEDCURVES, i, option);

pl ot. | egend(l egend, i);
}
of fset = 10;
pl ot. funcp2D(x0, xf, N, func, &offset);
pl ot. pl ot Type( PLOT_PLOTTYPE_FI LLEDCURVES, 9, "y1=11", "green");
pl ot. | egend("10+x: option: yl=11 with green", 9);
plot.plotting();

}
Output

Filled colors

0+x: option:y1=1 linetype O wm—m

1+x: option:y1=2 linetype 1 mmm—

2+x: option:y1=3 linetype 2 messss

3+x: option:y1l=4 linetype 3 s

4+x: option:y1=5 linetype 4w

5+x: option:y1=6 linetype 5

6+x: option:y1=7 linetype 6

7+x: option:y1=8 linetype 7 s

8+x: option:y1=9 linetype 8 mmum
10+x: option: y1=11 with green
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Example 14
This example illustrates the plot type PLOT_PLOTTYPE_FILLEDCURVES. This plot for stock prices
uses the same data file in Example 10.

/*
/*

*/

#i

File: stockprice.ch */
File: finance.ch to process data in finance. dat

data and indicators in finance. dat

# data file layout:

# date, open, high, low, close, volune,

# 50-day noving average volune, Intraday Intensity,
# 20-day noving average cl ose,

# upper Bollinger Band, |ower Bollinger Band

ncl ude <chpl ot. h>

int main() {

class CPl ot plot;
int |linetype, |inew dth;

plot.title("Stock price for conpany X (in seni-log scale)");
pl ot. | abel (PLOT_AXIS_X, "");

pl ot. | abel (PLOT_AXIS_ Y, "price");

pl ot . bor der (PLOT_BORDER ALL, PLOT_ON);
plot.ticsMrror(PLOT_AXI S_XY, PLOT_ON);

pl ot. dataFil e("finance.dat", "using 0:5");

pl ot. pl ot Type( PLOT_PLOTTYPE_FI LLEDCURVES, 0, "y1=0", "green");
pl ot. dataFil e("finance.dat", "using 0:5");

linetype = 3;

linewidth = 2;

pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, 1);

plot.lineType(l, linetype, |inew dth);

pl ot . axi sRange( PLOT_AXI S_X, 50, 253);

pl ot . axi sRange( PLOT_AXI S_Y, 75, 105);

pl ot . scal eType(PLOT_AXI S_Y, PLOT_SCALETYPE_LOG);

plot.grid(PLOT_ON, "front linew dth 2");

plot.ticsPosition(PLOT_AXI S Y, 105, 100, 95, 90, 85, 80);

/* use the code below for X-label for C++ or Ch */

/*
plot.ticsPosition(PLOT_AXIS Y, 105);
plot.ticsPosition(PLOT_AXI S Y, 100);
plot.ticsPosition(PLOT_AXIS Y, 95);
plot.ticsPosition(PLOT_AXI S Y, 90);
plot.ticsPosition(PLOT_AXI S Y, 85);
plot.ticsPosition(PLOT_AXI S Y, 80);

*/

pl ot.ticsLabel (PLOT_AXI S _X, "Jun/03", 66, "Jul/03", 87, "Aug/03", 109,

"10/ 03", 151, "11/03", 174, "12/03", 193, "1/04", 215, "2/04",

/* use the code bel ow for X-label for C++ or Ch */
/*

pl ot.ticsLabel (PLOT_AXI S_X, "6/03", 66);

pl ot.ticsLabel (PLOT_AXI S X, "7/03", 87);

pl ot.ticsLabel (PLOT_AXI S_X, "8/ 03", 109);

pl ot.ticsLabel (PLOT_AXIS X, "9/03", 130);

pl ot.ticsLabel (PLOT_AXI S_X, "10/03", 151);

pl ot.ticsLabel (PLOT_AXIS X, "11/03", 174);

pl ot.ticsLabel (PLOT_AXI S_X, "12/03", 193);
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pl ot.ticsLabel (PLOT_AXIS X, "1/04", 215);
plot.ticsLabel (PLOT_AXI S_X, "2/04", 235);
*/
plot.plotting();

Output
Stock price for company X (in semi-log scale)
8
s
Jun/03 Jul/o3 Aug/03  Sep/03 10/03 11/03 12/03 1/04 2/04
Example 15

The example illustrates the plot type PLOT_PLOTTY PE_BOXES can be found on page 27

See Also
CPlot::arrow(), CPlot::lineType(), CPlot::fillStyle(), CPlot::pointType().

CPlot::plotting

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

Purpose
Generate a plot file or display a plot.

Return Value
None.

Parameters
None.

Description
The plot is displayed or a file is generated containing the plot when this function is called. It shall be called
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after all the desired plot options are set.

Example
See CPlot::data2D().

CPlot::point

Synopsis
#include <chplot.h>
int point(double x, doubley, ... /* 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.

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, Y, and z are the coordinates of the point specified in units of
the x, y and z axes. However, for 2D plots, zis ignored. For 2D polar and 3D cylindrical plots, the point is
specified in polar coordinates where X is 6, y is 1, and zis unchanged. Again, for 2D plots, z is ignored. For
3D plots with spherical coordinates X is 6, y is ¢ and zis r. For 3D plots with points, hidden line removal

should be disabled (see CPlot::removeHiddenL ine()) after all data are added.
Example 1

/* File: point.ch */
#i ncl ude <chpl ot. h>

int main() {
double x = 3, y = 4;
class CPl ot plot;

pl ot . axi sRange( PLOT_AXI S_XY, 2, 5); /* one point cannot do autorange */
pl ot. point(x, Yy);
plot.plotting();

}

Output
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Example 2

/* File: point_2.ch */
#i ncl ude <chpl ot. h>

int main() {
doubl e thetal = 30, rl1 = 2;
class CPlot plot;
int point_type = 7, point_size = 3;
char *point_col or = "bl ue";

plot.grid(PLOT_ON);
pl ot. pol ar Pl ot (PLOT_ANGLE_DEG) ;
pl ot. poi nt(thetal, r1);
pl ot. pl ot Type( PLOT_PLOTTYPE_PQO NTS, 0);
pl ot. poi nt Type(0, point_type, point_size, point_color);
pl ot . axi sRange( PLOT_AXI S_XY, 0, 2);
pl ot.sizeRatio(-1);
plot.plotting();
}

Output
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1.5-

0.5-

See Also

CPlot::data2D(), CPlot::data2DCurve(), CPlot::data3D(), CPlot::data3DCurve(),
CPlot::data3DSurface(), CPlot::circle(), CPlot::lineg(), CPlot::outputType(), CPlot::plotType(),
CPlot::polygon(), CPlot::rectangle().

CPlot::pointType

Synopsis
#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.

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.
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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
"bl ue" or "#0000f f" for color blue. The default point type, size, and color can be changed by the
function call

pl ot . poi nt Type(num poi nttype, 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.

Col or Nane Hexadecimal R G B
val ues
white #ffffff = 255 255 255
bl ack #000000 = O 0 0
grayO #000000 = O 0 0
greyO #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 #4d4d4d = 77 77 77
grey30 #4d4d4d = 77 77 77
gray40 #666666 = 102 102 102
grey40 #666666 = 102 102 102
gray50 #rt 7t 7t = 127 127 127
grey50 #rf7f7f = 127 127 127
gray60 #999999 = 153 153 153
grey60 #999999 = 153 153 153
gray70 #b3b3b3 = 179 179 179
grey70 #b3b3b3 = 179 179 179
gray80 #cccecece = 204 204 204
grey80 #iccccce = 204 204 204
gray90 #ebebeb5 = 229 229 229
grey90 #ebebeb = 229 229 229
gray100 #ffffff = 255 255 255
grey100 #ffffff = 255 255 255
gray #bebebe = 190 190 190
grey #bebebe = 190 190 190
l'i ght-gray #d3d3d3 = 211 211 211
l'i ght-grey #d3d3d3 = 211 211 211
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dar k- gr ay #a9a9%a9 = 169 169 169
dar k- grey #a9a%a9 = 169 169 169
red #ff0000 = 255 O O
l'i ght-red #f 03232 = 240 50 50
dar k-red #8b0000 = 139 0 0
yel | ow #ffff00 = 255 255 O
l'i ght-yel | ow #ffffe0 = 255 255 224
dark-yel | ow #c8c800 = 200 200 0
green #00ff00 = 0 255 O
i ght-green #90ee90 = 144 238 144
dar k- green #006400 = 0 100 0
spri ng-green #00Of f 7f = 0 255 127
forest-green #228b22 = 34 139 34
sea- green #2e8b57 = 46 139 87
bl ue #0000ff = O 0 255
l'i ght - bl ue #add8e6 = 173 216 230
dar k- bl ue #00008b = O 0 139
nmi dni ght - bl ue #191970 = 25 25 112
navy #000080 = 0 0 128
medi um bl ue #0000cd = 0 0 205
royal bl ue #4169el = 65 105 225
skybl ue #87ceeb = 135 206 235
cyan #ooffff = 0 255 255
l'i ght-cyan #eOf fff = 224 255 255
dar k-cyan #008b8b = 0 139 139
magent a #ff00ff = 255 0 255
i ght - magent a #f 055f0 = 240 85 240
dar k- magent a #8b008b = 139 0 139
turquoi se #40e0d0 = 64 224 208
i ght-turquoise #af eeee = 175 238 238
dar k-t urquoi se #00cedl = 0 206 209
pi nk #ffcOcb = 255 192 203
l'i ght - pi nk #ffb6cl = 255 182 193
dar k- pi nk #ff 1493 = 255 20 147
coral #ff7f 50 = 255 127 80
l'i ght-coral #f 08080 = 240 128 128
or ange-red #ff4500 = 255 69 O
sal non #f a8072 = 250 128 114
i ght - sal non #ffa07a = 255 160 122
dar k- sal non #€9967a = 233 150 122
aquanari ne #7fffd4 = 127 255 212
khaki #f 0e68c = 240 230 140
dar k- khaki #bdb76b = 189 183 107
gol denr od #daab520 = 218 165 32
I i ght - gol denr od #eedd82 = 238 221 130
dar k- gol denr od #b8860b = 184 134 11
gol d #ffd700 = 255 215 O
bei ge #f 5f 5dc = 245 245 220

163



Chapter 2: 2D and 3D plotting <chplot.h> CPlot::polarPlot

br own #ab2a2a = 165 42 42
or ange #ffa500 = 255 165 O
dar k- or ange #ff8c00 = 255 140 0
vi ol et #ee82ee = 238 130 238
dar k- vi ol et #9400d3 = 148 0 211
pl um #ddaOdd = 221 160 221
purpl e #a020f 0 = 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>
void polarPlot(int angle_unit);

Purpose
Set a 2D plot to use polar coordinates.

Return Value
None.

Parameter
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, 6 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.

The plot is generated by calling the following member functions internally.

pl ot.sizeRatio(1); /] aspect ratio 1

pl ot .| abel (PLOT_AXI S XY, NULL); /1 no | abel

pl ot . border (PLOT_BORDER ALL, PLOT_OFF); // no border
plot.ticsLocati on(PLOT_AXI S XY, "axis"); // tics on axis
plot.ticsMrror(PLOT_AXIS XY, PLOT_OFF); // 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 ().
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/* File: polarPlot.ch */
#i ncl ude <math. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 360;

array doubl e theta[ nunpoi nts],

class CPl ot plot;

lindata(0, MPI,
r = sin(5*theta);

theta);

pl ot . pol ar Pl ot (PLOT_ANGLE_RAD) ;

pl ot. data2D(theta, r);

plot.plotting();
}

Output

Example 2

/* File:
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 360;

array doubl e theta[ nunpoi nts],

class CPl ot plot;

r [ nunpoi nts];

/1 Y-axis data.

polarPlot_2.ch */

pl ot . pol ar Pl ot (PLOT_ANGLE_RAD) ;

plot.grid(PLOT_ON);
lindata(0, MPI,
r = sin(5*theta);

pl ot. data2D(theta, r);

theta);

pl ot. | egend("sin(5theta)",

r = cos(5*theta);

pl ot. data2D(theta, r);

pl ot. | egend("cos(5theta)"”,

plot.plotting();

0);

1);

r [ nunpoi nt s];

/1 Y-axis data.

/1 Y-axis data.
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Output
,,,,,, ... sin(5theta)
cq5(§}heta)
.
Example 3
/* File: polarPlot_3.ch */

#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 360;
array doubl e theta[ nunpoi nts], r[nunpoints];
class CPl ot plot;

lindata(0, MPI, theta);

r =

pl ot .
pl ot.
pl ot .
pl ot .
pl ot.

}
Output

sin(5*theta); /'l Y-axis data.

pol ar Pl ot (PLOT_ANGLE_RAD) ;
dat a2D(theta, r);

ti cs(PLOT_AXI S XY, PLOT_OFF);
axi s(PLOT_AXI S_XY, PLOT_OFF);
plotting();

166

CPlot::polygon



Chapter 2: 2D and 3D plotting <chplot.h>

See Also
CPlot::grid().

CPlot::polygon

CPlot::polygon

Synopsis

#include <chplot.h>

int polygon(double x[:], doubleyl:], ... /* double Z[:]; [int num] */);
Syntax

polygon(x, y)

polygon(x, y, num)

polygon(x, y, 2)
polygon(x, y, z, num)

Purpose
Add a polygon to a plot.

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

Parameters
X An array containing the x coordinates of the vertices of the polygon.

Yy 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, zis ignored. For 2D polar and 3D cylindrical
plots, the locations of the vertices are specified in polar coordinates where X is 8, y is r, and z is unchanged.
Again, for 2D plots, zis ignored. For 3D plots with spherical coordinates X is 6, y is ¢ and zis 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 */
#i ncl ude <chpl ot. h>

int main() {

double x[5] = {3, 2, 1, 2, 3}, y[5] ={2, 3, 2, 1, 2};

class CPlot plot;
pl ot. pol ygon(x, vy, NULL);

pl ot. sizeRatio(-1);
pl ot . axi sRange( PLOT_AXI S_XY, 0, 4);
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pl ot.text("Ch", PLOT_TEXT CENTER 2, 2);
plot.plotting();
}

Output

35 | 1

25 1

05 i

Example 2

/* File: polygon_2.ch */
#i ncl ude <chpl ot. h>
#i ncl ude <mat h. h>

int nain(){
doubl e theta[4] = {30, 60, 30, 30}, r[4] = {1, 3, 4, 1};
class CPl ot plot;

plot.grid(PLOT_ON);
pl ot. pol ar Pl ot (PLOT_ANGLE_DEG) ;
pl ot. pol ygon(theta, r);
pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, 0);
plot.lineType(0, 3, 4);
pl ot.sizeRatio(-1);
pl ot . axi sRange( PLOT_AXI S_XY, 0, 5);
plot.plotting();
}

Output
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Ly

Example 3

/* File: polygon_3.ch */
#i ncl ude <chpl ot. h>

int main() {

double x[7] ={0, 2, 2, 2, 0, 0, O}, y[7] = {0, O, O,

z[7] = {0, 0, 4, 4, 4, 0, 0};
class CPl ot plot;
int datasetnum pointtype, pointsize;

pl ot. di mensi on(3);
pl ot. pol ygon(x, vy, z);
pl ot. point(0, 0, 0);
plot.point(2, 0, 0);
plot.point(2, 0, 4);
plot.point(2, 3, 4);
pl ot. point(0, 3, 4);
pl ot. point(0, 3, 0);
for (dataset num=1l, pointtype=1, pointsize=1;
dat aset num <= 6;
dat aset numt++, poi nttype++, pointsize++)
pl ot. pl ot Type( PLOT_PLOTTYPE_PO NTS,

dat aset num pointtype, pointsize);

pl ot. renmoveH ddenLi ne( PLOT_OFF) ;
pl ot . col or Box( PLOT_CFF) ;
plot.plotting();

}

Output
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KT T T T T T 1

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, doubley, 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
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
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/* File:

rectangl e.ch */

#i ncl ude <chpl ot. h>

int main() {

doubl e x1
doubl e x2

3, yl = -3, widthl = 3, heightl = 5;
-2, y2 = -2, width2 = 4, height2 = 2;

class CPlot plot;

pl ot .
pl ot .
pl ot.
pl ot .
pl ot .
pl ot.
pl ot .
pl ot .
pl ot.

}
Output

rectangl e(x1, yl1, widthl, heightl);
rectangl e(x2, y2, width2, height2);
sizeRatio(-1);

axi sRange(PLOT_AXI S X, -3, 7);

axi sRange(PLOT_AXIS Y, -4, 3);

axi s(PLOT_AXI S_XY, PLOT_OFF);

text("large", PLOT_TEXT_CENTER, 4.5, -0.5);
text("small", PLOT_TEXT_CENTER, 0, -1);
plotting();

-1 small

large

Example 2

/* File:

rectangl e_2.ch */

#i ncl ude <chpl ot. h>

int main() {

double thetal = -60, r1l

4, widthl = 3, heightl

class CPlot plot;

pl ot.
pl ot .
pl ot.
pl ot.
pl ot .
pl ot.
pl ot.
pl ot .
pl ot.
pl ot.

grid(PLOT_ON);

pol ar Pl ot (PLOT_ANGLE_DEG ;

rectangl e(thetal, rl1, w dthl, heightl);
pl ot Type( PLOT_PLOTTYPE_LI NES, 0);

i neType(0, 1, 25);

sizeRatio(-1);

axi sRange(PLOT_AXI S_X, 0, 6);

axi sRange(PLOT_AXIS Y, -5, 2);

axi s(PLOT_AXI S_XY, PLOT_OFF);

bor der (PLOT_BORDER _ALL, PLOT_ON);
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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 removeHiddenL ing(int flag);

Purpose
Enable or disable hidden line removal for 3D surface plots.

Return Value
None.

Parameter
flag This parameter can be set to:

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_LINESor PLOT_PLOTTY PE_LINESPOINT Swith 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::contour Mode() does not work when
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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::contour L evels().

/* File: renoveH ddenLi ne.ch */
#i ncl ude <mat h. h>
#i ncl ude <chplot. h>

int main() {
doubl e x[20], y[30], z[600];
int i,j;
class CPl ot plot;

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

pl ot. data3D(x, vy, z);

pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, 0);
pl ot . renmoveH ddenLi ne( PLOT_COFF) ;
plot.plotting();

Output

OGO ANONSO®
L B B

Example 2

/* File: renmoveH ddenLi ne_2.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>
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int main() {
doubl e x[30], y[30], z[900];
doubl e r;
int i, j;
class CPl ot plot;

lindata(-10, 10, x);
lindata(-10, 10, vy);
for(i=0; i<30; i++) {
for(j=0; j<30; j++) {
ro=sart(x[i]1*x[il+y[j1*y[il);
z[30*i+j] = sin(r)/r;
}

}
pl ot.data3D(x, y, z);
pl ot . removeH ddenLi ne( PLOT_COFF) ;
plot.plotting();
}

Output

/

LIS E ' B B B |

See Also
CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSurface(), CPlot::contour M ode(),
CPlot::plotType(), CPlot::point(), CPlot::showM esh().

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)
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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_AXISY 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.

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

pl ot . scal eType( PLOT_AXI S _X, PLOT_SCALETYPE LOG);
For a logarithmic base 2, call the member function

pl ot . scal eType( PLOT_AXI S X, PLOT_SCALETYPE LOG 2); // log base = 2
Example

/* File: scal eType.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 30;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPlot plot;

| ogspace(x, -1, 2);

y = exp(x); /1 Y-axis data.
pl ot. scal eType( PLOT_AXI S_XY, PLOT_SCALETYPE_LOG);

pl ot. ticsFormat (PLOT_AXI S_XY, "% 2e");

pl ot . dat a2D( x, y);

plot.plotting();
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Output

1.00e+45

1.00e+40

1.00e+35

1.00e+30

1.00e+25

1.00e+20 | / §

1.00e+15 |- b
1.00e+10 / ]
1.00e+05 b

1.00e+00 e
1.00e-01 1.00e+00 1.00e+01 1.00e+02

CPlot::showM esh

Synopsis
#include <chplot.h>
void showM esh(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::contour L abel().

/* File: showvesh.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
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doubl e x[20], y[30], z[600];
doubl e I evel s[10];

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

lindata(-6, 6, levels);
lindata(-3, 3, X);
lindata(-4, 4, y);
for(i=0; i<20; i++) {
for(j=0; j<30; j++) {

CPlot::showMesh

z[30%i+j] = 3*(L-x[i])*(L1-x[i])*exp(-(x[i]*x[i])-(y[j]1+1)*(y[j]+1))
- 10*(x[i]/5 - x[i]*x[i]*x[i]-pow(y[j],5))*exp(-x[i]*x[i]-y[j]1*y[il)

- 1/ 3rexp(- (x[i]+1)*(x[i]+1)-y[i]*y[il);

pl ot.data3D(x, y, z);

pl ot. pl ot Type( PLOT_PLOTTYPE_LI NES, dat aset nun;

pl ot . cont our Label (PLOT_ON);
pl ot . showivesh( PLOT_CFF) ;

pl ot . cont our Mode( PLOT_CONTOUR_SURFACE) ;

pl ot. cont our Level s(I evel s);
pl ot . col or Box( PLOT_CFF) ;
plot.plotting();

Output

OdhbNoNnso®

LIS N B B N |

Example 2

/* File: showvesh_2.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
doubl e x[30], y[30], z[900];
doubl e r;
int datasetnum=0, i, j;
class CPl ot plot;
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lindata(-10, 10, x);
lindata(-10, 10, y);
for(i=0; i<30; i++) {
for(j=0; j<30; j++) {
r =
z[30*i+j] = sin(r)/r;

pl ot.
pl ot .
pl ot . cont our Label (PLOT_ON);
pl ot . showivesh( PLOT_CFF) ;

pl ot.
plot.
pl ot .

dat a3D(x, y, z);

col or Box( PLOT_OFF) ;
plotting();

Output

0.8
0.6

0.2

T T T T T T 1

-0.2
-0.4

See Also

CPlot::data3D(), CPlot::data3DCurve(), CPlot:

CPlot::plotType().

sqrt (x[i]*x[i]+y[j]1*y[j]);

pl ot Type( PLOT_PLOTTYPE_LI NES, dat aset nunj;

cont our Mode( PLOT_CONTOUR_SURFACE) ;

:data3DSur face(), CPlot::contour M ode(),

CPlot::size

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.

Return Value
None.

Parameters
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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 */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPlot plot;

lindata(0, 360, Xx);
y = sin(x*M_PI/180);
pl ot. data2D(x, y);

plot.size(.5, .5);

plot.plotting();

}

Output
N ]
0.6 - // i
0.4 I/ 4
02+ B

> 0
0.2 | /A
:g:g I \\ // ]
o N L]
0 50 100 150 200 250 300 350 400

See Also

CPlot::size3D(), CPlot::sizeQutput(), and CPlot::sizeRatio().

CPlot::size3D

Synopsis

#include <chplot.h>
void size3D(float scale, float z_scale);

Purpose
Scale a 3D plot.

Return Value
None.
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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 */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
doubl e x[20], y[30], z[600];
int i,j;
class CPlot plot;

lindata(-3, 3, X);
lindata(-4, 4, y);
for(i=0; i<20; i++) {
for(j=0; j<30; j++) {
z[30*i+j] = 3*(L-x[i])*(1-x[i])*exp(-(x[i]*x[i])-(y[i]+1)*(y[i]+1))
- 10*(x[i]/5 - x[i]*x[i]*x[i]-pow(y[j],5))*exp(-x[i]*x[i]-y[jl1*y[il)
} - 1 3*exp(-(x[1]+1)*(x[i]1+1)-y[j1*y[j]);
}
pl ot.data3D(x, y, z);
pl ot.size3D(0.5, 2);
plot.plotting();
}

Output

bdANONSO®

bd AN oNSO®

See Also
CPlot::size().
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CPlot::sizeOutput

Synopsis
#include <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: sizeQutput.ch */
#i ncl ude<mat h. h>
#i ncl ude<chpl ot . h>

#defi ne NUM 36

int main() {
int i, xpixels = 400, ypixel s=600;
doubl e X[ NUM, y[NUM ;
class CPl ot plot;

for(i=0; i<NUM i++) {
x[i]=0 + i*360.0/(NUM1); // linspace(x, 0, 360)
yli]l] = sin(x[i]*M_PI/180); // Y-axis data
}
pl ot . dat a2DCurve(x, y, NUM;
pl ot. out put Type( PLOT_QUTPUTTYPE_FI LE, "png", "sizeQutput.png");
pl ot . si zeCQut put ( xpi xel s, ypixels); // size of image is 400x600 pixels
plot.plotting();
return O;

}

See Also
CPlot::siz&(), CPlot::size3D(), and CPlot::sizeRatio().

CPlot::sizeRatio

Synopsis
#include <chplot.h>
void sizeRatio(float ratio);
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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 adjust-
ment may be necessary.

Example
Compare with output for example in plotxy().

/* File: sizeRatio.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 360;
array doubl e t[nunmpoints], Xx[nunpoints], y[nunpoints];
class CPl ot plot;

lindata(0, 2*MPI, t);

X = sin(2*t);

y = cos(3*t);

pl ot . dat a2D( x, Vy);

plot.title("Paranmetric contour (x, y) = [sin(2x), cos(3x)]");
pl ot. | abel (PLOT_AXI S X, "x");

pl ot. | abel (PLOT_AXIS Y, "y");

/* both x and y axes the sane |ength */
pl ot. sizeRatio(1);

plot.plotting();
}

Output
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Parametric contour (X, y) = [sin(2x), cos(3x)]
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See Also
CPlot::size(), CPlot::size3D().

CPlot::smooth

Synopsis
#include <chplot.h>
void smaooth(int num, char * option);

Syntax

smooth(num, option)

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 i on of string type with the following values can be used to smooth the data points.

{unique | frequency | csplines | acsplines | bezier | sbezier}
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The uni que and f r equency 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 acspl i ne or cspl i ne, 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 uni que and f r equency four for acspl i nes, and three for the others.

"acspl i nes" The acspl i nes 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 usi ng list for CPlot::dataFile() as shown below.

plot.dataFil e("datafile", "using 1:2:(1.0)");
pl ot . smoot h(pl ot . dat aSet Nun(), "acsplines"):

bezi er The bezi er option approximates the data with a Bezier curve of degree n (the number of data
points) that connects the endpoints.

"csplines" Thecspl i nes option connects consecutive points by natural cubic splines after rendering
the data monotonic.

"sbezi er" The sbezi er option first renders the data monotonic and then applies the bezi er algo-
rithm.

"uni que" The uni que option makes the data monotonic in x; 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 f r equency 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: snmooth.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 8;
array doubl e x[ numpoi nts], y[nunpoints], y2[nunpoints];
class CPl ot plot;

lindata(0, 360, Xx);

y = sin(x*M_PI/180);
y2 = sin(x*M_PI/180);
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pl ot . dat a2D( x, y);

pl ot. data2D(x, y2);

pl ot.snmooth(1, "csplines");
plot.legend("sin(x)", 0);

plot.l egend("smoth sin(x)", 1);
plot.plotting();

Output
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Example 2

See an example on page [[33] 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 row, int cal);

Purpose
Create a group of subplots.

Return Value
This function returns 0 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
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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, doubley, ... /* double z #/);

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,2) 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
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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.

PLOT _AXIS X2 Select the x2 axis only.
PLOT_AXISY 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
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 */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPlot plot;

lindata(0, 360, Xx);

y = sin(x*M_PI/180);

pl ot . dat a2D( x, Vy);

pl ot. border (PLOT_BORDER_ALL, PLOT_ON);
plot.tics(PLOT_AXI S XY, PLOT_CFF);
plot.plotting();
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Output

/ \
/ \\
/ \

\

\ / /
See Also

CPlot::ticsDirection(), CPlot::ticsFormat(), CPlot::ticsL abel(), CPlot::ticsL evel(), CPlot::ticsL ocation(),
and CPlot::ticsMirror().

\ /
\
X

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_AXISXY Select the x and y axes.
PLOT_AXIS XYZ Select the x, y, and z axes.

Description
Sets axis tic marks to days of the week (0=Sunday, 6=Saturday). Values greater than 6 are converted into
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the value of modulo 7.

Example

/* File: ticsDay.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 14;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPl ot plot;

lindata(0, nunpoints-1, Xx);
y = X.*X;
plot.ticsDay(PLOT_ON);

pl ot. dat a2D(x, y);
plot.plotting();

}
Output
180
160 o
140 + B
120 B
100 | i
>
80 B
60 |- E
40 B - i
20 - //// g
o ,4\/ | ] | L L L I I I I I
Sun  Mon Tue Wed Thu Fri Sat Sun  Mon Tue Wed Thu Fri Sat
X
See Also

CPlot::ticsMonth(), CPlot::ticsL abel().

CPlot::ticsDirection

Synopsis
#include <chplot.h>
void ticsDirection(int direction);

Purpose
Set the direction in which the tic-marks are drawn for an axis.

Return Value
None.
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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 */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPl ot plot;

lindata(0, 360, x);

y = sin(x*M_PI/180);
plot.ticsDirection(PLOT_TICS_QUT);
pl ot . dat a2D( x, y);
plot.plotting();

}
Output
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See Also
CPlot::ticsDay(), CPlot::ticsLabel(), CPlot::ticsL ocation(), and CPlot::ticsM onth().

CPlot::ticsFor mat
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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_AXISY 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

% Decimal notation for a floating point number. By default, 6 digits are displayed after
the decimal point.

% or Y& 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.

%g or %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.

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
? %t 234.5678 | 234.567800
7%.217 | 234.5678 234.57

”%e” 123.456 | 0.123456e+03
“%E” 123.456 | 0.123456E+03
”%5.0f” 125.0 125
7 %#5.0f” 125.0 125.
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Example
Compare with the output for examples in CPlot::data2D() and CPlot::data2DCurve().

/* File: ticsFormat.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPl ot plot;

lindata(0, 360, Xx);

y = sin(x*M_PI/180);

pl ot . dat a2D( x, Vy);

plot.ticsFormat (PLOT_AXIS_ X, "% 1f");
plot.plotting();

}
Output
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See Also
CPlot::ticsL abel (), fprintf().
CPlot::ticsL abel
Synopsis

#include <chplot.h>
void ticsLabel(int axis, ... /* [ [string_t label, double position], ... ] */);

Syntax

ticsL abel(axis) /* does nothing */

ticsL abel(axis, label, position)

ticsL abel(axis, label, position, label 2, position2)
etc.
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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_AXISY Select the y axis only.
PLOT_AXIS Y2 Select the y2 axis only.
PLOT_AXIS.Z Select the z axis only.
PLOT_AXISXY 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().

/* File: ticsLabel.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPl ot plot;

lindata(0, 360, Xx);

y = sin(x*M_PI/180);

pl ot. | abel (PLOT_AXI S_X, "date");

pl ot. | abel (PLOT_AXIS_Y, "value");

pl ot. dat a2D( x, y);

pl ot. pl ot Type( PLOT_PLOTTYPE_I MPULSES, 0);

pl ot . axi sRange( PLOT_AXI S_X, 0, 400);

plot.ticsLabel (PLOT_AXIS X, "2/1", 0, "2/2", 50,
"2/3", 100, "2/4", 150, "2/5", 200, "2/6", 250,
"2/ 7", 300, "2/8", 350, "2/9", 400);

pl ot.ticsLabel (PLOT_AXIS Y, "the bottoni, -1, "the mddle", O,
"the top", 1);

plot.plotting();
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Output
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See Also
CPlot::ticsDirection(), CPlot::ticsFormat(), CPlot::ticsL evel(), CPlot::ticsL ocation().

CPlot::ticsL evel

Synopsis
#include <chplot.h>
void ticsL evel(double level);

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).
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Z

A

zmax

zmin ___
offset

pos _V_ -
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 */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
doubl e x[20], y[30], z[600];
int i,j;
class CPl ot plot;

lindata(-3, 3, X);
lindata(-4, 4, y);
for(i=0; i<20; i++) {
for(j=0; j<30; j++) {
z[30%i+j] = 3*(1-x[i])*(1-x[i])*exp(-(x[i]*x[i1])-(y[j1+1)*(y[j]+1))
- 10%(x[i]/5 - x[i]*x[i]*x[i]-pow(y[j],5))*exp(-x[i]*x[i]-y[il*y[il)
- 1 3*exp(- (x[i]+1)*(x[1]+1)-y[i1*y[il);

pl ot.data3D(x, vy, z);
plot.ticsLevel (.25);
plot.title("tics |evel
plot.plotting();
plot.ticsLevel (0);
plot.title("tics level = 0");
plot.plotting();

0.25");

Output
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tics level = 0.25
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CPlot::ticsL ocation

CPlot::ticsL ocation

Synopsis
#include <chplot.h>
void ticsL ocation(int axis, string_t location)

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:
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PLOT_AXIS.X Select the x axis only.
PLOT_AXIS X2 Select the x2 axis only.
PLOT_AXISY 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 " bor der " or on the axis itself with " axi s". 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 */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPlot plot;

lindata(-MPI, MPl, x);
y = sin(x);
pl ot. dat a2D(x, y);
pl ot.ticsLocati on(PLOT_AXl S_XY, "axis");
pl ot . bor der (PLOT_BORDER_ALL, PLOT_OFF);
pl ot. | abel (PLOT_AXI S_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); /* adjust top margin for y |abel */
plot.plotting();
}

Output
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See Also
CPlot::tics(), CPlot::ticsDirection(), CPlot::ticsFormat(), CPlot::ticsL abel, CPlot::ticsL evel(),
CPlot::ticsL ocation, 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_AXISY 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
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: ticsMrror.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[nunpoints];
class CPl ot plot;

l'indata(0, 360, Xx);
y = sin(x*M_PI/180);
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400

CPlot::ticsM onth

CPlot::ticsLevel(),

pl ot . dat a2D( x, y);
pl ot . bor der (PLOT_BORDER ALL, PLOT_ON);
plot.ticsMrror(PLOT_AXI S_XY, PLOT_OFF);
plot.plotting();
}
Output
1 —
0.8 / \
/ \
06 | /// \\\\
04 / \
02|
> 0 \\\
02 - \
04 \ /"
o \ /
\\\ /
-0.8 | \\
—10 5‘0 1(;0 1é0 2(;0 2;0“ — 3(‘)0 3éo
See Also
CPlot::tics(), CPlot::ticsDirection(), CPlot::ticsFormat(), CPlot::ticsL abel(),
CPlot::border (), and CPlot::ticsL ocation().
CPlot::ticsMonth
Synopsis

#include <chplot.h>
void ticsM onth(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.
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PLOT_AXISXY Select the x and y axes.
PLOT_AXIS XYZ Select the x, y, and z axes.
Description

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: ticsMonth.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
array double x[12], y[12];

string_t title="Month tics", /1 Define |abels.
x| abel =" x",
yl abel ="y";

class CPlot plot;

lindata(0, 12, x);

y = X.*X;
plot.ticsMonth(PLOT_AXI S _X);
plot.title(title);

pl ot. | abel (PLOT_AXI S_X, x| abel);
pl ot. | abel (PLOT_AXIS_Y, yl abel);
pl ot . dat a2D( x, y);
plot.plotting();

Output
Month tics
160 T
140 | .
120 1
100 1
> 80 1
60 P b
///
d
40 - d R
-
//
20 | - a
0 . | | L | | | ! !
Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
X
See Also

CPlot::ticsDay(), CPlot::ticsL abel().

CPlot::ticsPosition
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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.
PLOT_AXIS Y2 Select the y2 axis only.
PLOT_AXIS.Z Select the z axis only.
PLOT_AXISXY 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 [133] using for CPlot:ticsPosition() for the x-axis for date.

See Also
CPlot::ticsDirection(), CPlot::ticsFormat(), CPlot::ticsL evel(), CPlot::ticsL abel (), CPlot::ticsL ocation(),
CPlot::ticsRange().

CPlot::ticsRange

Synopsis
#include <chplot.h>
void ticsRange(int axis, doubleincr, ... /* [double start], [double end] */);
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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_AXISY Select the y axis only.
PLOT_AXIS Y2 Select the y2 axis only.
PLOT_AXIS.Z Select the z axis only.
PLOT_AXISXY 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 spec-
ified labeled tic-marks are overridden. The implicit St art , i ncr, end form specifies that a series of tics
will be plotted on the axis between the values St art and end with an increment of i ncr . If end is not
given, it is assumed to be infinity. The increment may be negative. If neither St art nor end is given,
st art is assumed to be negative infinity, end is assumed to be positive infinity, and the tics will be drawn
at integral multiples of i ncr . 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::ticsL abel ().

CPlot::title

Synopsis
#include <chplot.h>
void title(string_t title);
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Purpose
Set the plot title.

Return Value
None.

Parameters
title The plot title.

Description

CPlot::title

Add a title string to an existing plot variable. For no title, NULL can be specified. By default, no title is

specified.

Example

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

/* File: title.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;

array doubl e x[ nunpoi nts],
string_t title="Sine Wwe";

class CPlot plot;

lindata(0, 360, Xx);

y = sin(x*M_PI/180);

plot.title(title);
pl ot . dat a2D(x, vy);
plot.plotting();

}

Output

y[ nunpoi nts] ;

/1 Define |abels.

Sine Wave

0.8

0.6 -

04

/
02t/

-0.2

04 |

-0.6

-0.8

See Also

I
50

I
150 200 250 300 350 400

CPlot::label(), CPlot::getL abel(), 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 0 on success and -1 on failure.

Parameters
func A pointer to a function that takes a doubl e as an argument and returns a doubl e.

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
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 call-

ing the CPlot::plotting() member function.

Example
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/* File: fplotxy.ch */

/1 Denonstrates the usage of the fplotxy() function.

/1 Print out a sine wave with appropriate |abels and grid range.
#i ncl ude <mat h. h>

#i ncl ude <chpl ot. h>

int main() {
double x0 = 0, xf = 2;
int num = 200;

/* local function to be plotted */
doubl e func2(double x) {

return 1/ ((x-0.3)*(x-0.3)+0.01) + 1/((x-0.9)*(x-0.9)+0.04) -
}
f pl ot xy(func2, x0, xf, nun;
}
Output
100
80
60 [
40 \\
,"‘/“ \\\
20 | /// \\ /\
0 .
20 ‘ ‘ ‘
0 0.5 1 1.5
See Also

CPlat, fplotxyz(), plotxy(), plotxyf(), plotxyz(), plotxyzf().
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fplotxyz

Synopsis

#include <chplot.h>

int fplotxyz(double (*func)(double x, doubley), double x0, double xf, double yO, doublef, ...
/% [int x_num, int y_num, string-t title, string-t xlabel, string-t ylabel, string-t Ziabel],
[class CPlot *pl]]*/ );

Syntax

fplotxyz(func, X0, xf, yO, yf)

fplotxyz(func, x0, xf, yO, yf, x_-num, y_num)

fplotxyz(func, X0, xf, yO, yf, x_.num, y_num, &plot)

fplotxyz(func, x0, xf, yO, yf, x_-num, y_num, title, xlabel, ylabel, Zlabel)
fplotxyz(func, x0, xf, yO, yf, x_-num, y_num, title, xlabel, ylabel, Zlabel, &plot)

Purpose
Plot a 3D function of X and Y in the range X0 < X < xf and y0 <y < yf.

Return Value
This function returns O 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.

yO 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.

Zabel The z-axis label.

pl A pointer to an instance of the CPlot class.

Description

Plot a 3D function of X and Y in the range X0 < X < xf and 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. YO 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
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points plotted are evenly spaced in the ranges. By default, x humand y_numare 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 */

/1 Dempnstrates the usage of the fplotxyz() function.

/1 Print out a sine wave with appropriate |abels and grid range.
#i ncl ude <nat h. h>

#i ncl ude <chplot. h>

int main() {

string_t title="fplotxyz()", /1 Define |abels.
x| abel =" X- axi s",
yl abel =" Y- axi s",
z| abel =" Z- axi s";

double x0 = -3, xf =3, y0 = -4, yf = 4,
int x_num= 20, y_num = 50;

doubl e func(doubl e x, double y) { /1 function to be plotted
return 3*(1-x)*(1-x)*exp(-(x*x) - (y+1)*(y+1) )

- 10*(x/5 - x*x*Xx - pow(y, 5)) *exp(-x*x-y*y)
- 1/ 3*exp(- (x+1) *(x+1) - y*y);

}
fpl ot xyz(func, x0, xf, y0, yf, x_num y _num title, xlabel, ylabel, zlabel);
Output
fplotxyz()
8
6
8 4
6 2
4 0
Z-axis 2 2
g .
4 -6
6 -8
-8
See Also

CPloat, fplotxy(), plotxy(), plotxyf(), plotxyz(), plotxyzf().

207



Chapter 2: 2D and 3D plotting <chplot.h>

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, V, title, xlabel, ylabel)

plotxy(x, v, title, xlabel, ylabel, &plot)
plotxy(X, y, n)

plotxy(x, v, 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 Xx.

N An integer for the number of elements of array X.
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

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 com-
patibility 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 func-
tion 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
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class CPl ot plot;
pl ot xy(x, y, "title", "xlabel", "ylabel", &plot);

is equivalent to

class CPl ot plot;

pl ot . dat a2D(x, Yy);
plot.title("title");

pl ot. | abel (PLOT AXI S X, "xl abel ");
pl ot. | abel (PLOT_AXI S.Y, "yl abel ");

The code segment

class CPl ot plot;
plotxy(x, y, n, "title", "xlabel", "ylabel", &plot);

is equivalent to

class CPl ot plot;

pl ot . dat a2DCurve(x, y, n);
plot.title("title");

pl ot. | abel (PLOT AXI S X, "xl abel ");
pl ot. | abel (PLOT_AXI S.Y, "yl abel ");

Example 1
/* File: plotxy_5.ch */

#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
array doubl e x[36];

lindata(0, 360, Xx);
pl ot xy(x, sin(x*M_PI/180));
}

Output
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N |
osr / \ ]

04 | / \
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Example 2

/* File: plotxy.ch */
/* File: plotxy.ch
Pl ot data in conputational arrays using function plotxu() */
#i ncl ude <nat h. h>
#i ncl ude <chplot. h>

int main() {
int n = 37; /* nunber of points for the plot */
array double x[n], y[n]; /* arrays with data for plotting */

lindata(0, 360, x, n); /* fill array x with n points fromO to 360 */
y = sin(x*M_PI/180); /* y =sin(x) with x in radian */
pl ot xy(x, y, n, "function sin(x)", "x (degree)", "sin(x)");
return O;
}
Output
Ch plot
1 T - F T
os| / \ ]
06 | / \\ ]
oaf / \ |
/ \
L/ ]
0.2 / \\
] / \
s 0 \ 7
> \ /
L \ / |
0.2 \ //
04 | \ / 4
\ /
-0.6 | i
0.8 | \ E
* 0 5‘0 1&0 1&0 2(;0 2':‘30 - 3(;0 3;0 400
xlabel
Example 3
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/* File: plotxy_2.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 36;
array doubl e x[ nunmpoi nts], y[2][nunpoints];
int i;
class CPlot plot;

lindata(0, 360, Xx);
for(i=0; i<nunmpoints; i++) {

y[O][i] = sin(x[i]*MPI/180);
y[1][i] = cos(x[i]*M_PI/180);
}
pl ot xy(x, y, NULL, "xlabel", "ylabel”, &plot);

pl ot. | egend("si ne wave", 0);
pl ot. | egend(" cosi ne wave", 1);
plot.plotting();

}

Output

NN

/
04l / \
/

\
0.2 \

T T
sine wave
cosine wave

ylabel
o

-0.2
\
04 \

-0.6 | \
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Example 4

/* File: plotxy_4.ch */
#i ncl ude <mat h. h>

#i ncl ude <fl oat. h>

#i ncl ude <chpl ot. h>

int main() {
int nunpoints = 100;
array doubl e x[ nunmpoi nts], y[nunpoints];

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
2
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Example5 _ _
Compare with the output in the example in CPlot::sizeRatio().
/* File: plotxy_3.ch */
#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>
int main() {
int nunpoints = 360;
array doubl e t[numpoints], X[nunpoints], y[nunpoints];
lindata(0, 2*MPI, t);
X = sin(2*t);
y = cos(3*t);
pl ot xy(x, y, "Paranetric contour (x, y) = [sin(2x), cos(3x)]", "x"
}
Output
Parametric contour (X, y) = [sin(2x), cos(3x)]
1 ~— —— —— —
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See Also
CPlot, CPlot::data2D(), CPlot::data2DCurve(), fplotxy(), fplotxyz(), plotxyf(), plotxyz(), plotxyzf().

213



Chapter 2: 2D and 3D plotting <chplot.h> plotxyf

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 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.

ylabel 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 CPl ot plot;
pl ot xyf ("datafile", "title", "xlabel", "ylabel", &plot);

is equivalent to

class CPl ot plot;
pl ot.dataFil e("datafile");
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plot.title("title");
pl ot. | abel (PLOT AXI S X, "xl abel ");
pl ot .| abel (PLOT_AXI S.Y, "yl abel ");

Example

/* File: plotxyf.ch */

/1 Denonstrates the usage of the plotxyf() function.
#i ncl ude <stdio. h>

#i ncl ude <chpl ot. h>

#i ncl ude <math. h>

int main() {
string_t title="Si ne Wave", /1 Define
x| abel =" Degr ees",
yl abel =" Ampl i tude (I nches)";
string_t file;

file = tmpnam(NULL); /Il Create tenporary file.
int i;

FI LE *out;

out =f open (file,"W"); /[IWite data to file.

for(i=0;i<=359;i++) fprintf(out,"% 9% \n",i,sin(i*MPI/180));

fclose(out);
plotxyf (file,title,xlabel,ylabel); //Call plotting function.
renove(file);

Output
Sine Wave
1 / — *\
/ \
// \\
05 | / \ §
/ \
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[ / \
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Z
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\ /
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05 \ / -
\ /
\ /
-1 L I I I \\\ _ / I
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[&], doubley[&], array double &z ... /* [int n] [int nX, int ny]
[string_t title, string_t Xlabel, string_t ylabel, string_t Zabel], [class CPlot *pl] */);

Syntax

plotxyz(X, Y, 2)

plotxyz(X, Y, z title, xlabel, ylabel, Zlabel)

plotxyz(X, Y, z title, xlabel, ylabel, Zlabel, &plot)
plotxyz(X, Y, z, n)

plotxyz(X, Y, z n, title, xlabel, ylabel, Zlabel)

plotxyz(X, ¥, z n, title, xlabel, ylabel, Zlabel, &plot)
plotxyz(X, Y, Z nX, ny)

plotxyz(X, y, z nx, ny, title, xlabel, ylabel, Zlabel)
plotxyz(X, Y, z nx, ny, title, xlabel, ylabel, Ziabel, &plot)

Purpose
Plot a 3D 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 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.

Zabel The y-axis label.

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,
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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, zZis 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, Zis 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 ¢)), 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 Zabel 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 CPl ot plot;
plotxyz(x, y, z, "title", "xlabel", "ylabel", "zl abel", &plot);

is equivalent to

class CPl ot plot;

pl ot . data3D(x, vy, z);
plot.title("title");

pl ot .| abel (PLOT_AXI S_X, "xl abel ");
pl ot. | abel (PLOT_AXI S.Y, "yl abel");
pl ot. | abel (PLOT_AXI SZ, "zl abel");

The following code segment for plotting a 3D curve

class CPl ot plot;
plotxyz(x, y, z, n);

is equivalent to

class CPl ot plot;
pl ot . dat a3DCurve(x, Yy, z, n);

The following code segment for plotting a 3D surface

class CPl ot plot;
plotxyz(x, y, z, nx, ny);

is equivalent to

class CPl ot plot;
pl ot . dat a3DSur face(x, y, z, nx, ny);

Example 1
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/* File: plotxyz.ch */
#i ncl ude <math. h>
#i ncl ude <chpl ot. h>

int main() {
array doubl e x[360], y[360], z[360];

lindata(0, 360, Xx);
y = sin(x*M_PI/180);
z = cos(x*M_PI/180);

pl otxyz(x, y, z, "Ch plot", "xlabel", "ylabel", "zl abel");
/* or
pl otxyz(x, y, z, 360, "Ch plot", "xlabel", "ylabel", "zlabel"); */
}
Output
Ch plot
1 \\ -
08 r \ - -
06 | -
04
zlabel 0.2
0 |-
0.2
04
-06
-0.8
1k
..... 1
0
ylabel
4001
Example 2

/* File: plotxyz_2.ch */
#i ncl ude <math. h>
#i ncl ude <chpl ot. h>

int main() {
array doubl e x[360], y[360], z[2][360];
int i;

lindata(0, 360, Xx);
y = sin(x*M_PI/180);
for(i=0; i<360; i++) {
z[O][i] = cos(x[i]*M PI/180);

z[1][i] = y[i];
Llotxyz(x, y, z, "Ch plot", "xlabel", "ylabel", "zlabel");
;Io?;yz(x, y, z, 360, "Ch plot", "xlabel", "ylabel", "zlabel"); */
}
Output
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Ch plot
— 7\\\
A
1 - \ -
08 r | - —
0.6 | -
04
zlabel 02 -
0 |-
0.2
04 F
-06
-0.8
-1 F
..... 1

Example 3

/* File: plotxyz_3.ch */
#i ncl ude <math. h>
#i ncl ude <chpl ot. h>

int main() {
doubl e x[20], y[30], z[600];
int i,j;

lindata(-3, 3, x);
lindata(-4, 4, y);
for(i=0; i<20; i++) {
for(j=0; j<30; j++) {
z[30%i +j] = 3*(1-x[i])*(1-x[i])*exp(-(x[i]*x[i])-(y[i1+1)*(y[j]+1))
- 10%(x[i]/5 - x[i]*x[i]*x[i]-pow(y[j],5))*exp(-x[i]*x[i]-y[il*y[il)
- U3*exp(-(x[i]+1)*(x[1]+1)-y[j1*y[il);

}
}
pl otxyz(x, y, z, "Ch plot", "xlabel", "ylabel", "zlabel")
/* or
pl otxyz(x, y, z, 20, 30, "Ch plot", "xlabel", "ylabel", "zlabel"); */
}
Output
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Ch plot

T T 1

zlabel

oddhAdonvason
&b ANONDNOD®

ylabel

See Also
CPlot, CPlot::data3D(), CPlot::data3DCurve(), CPlot::data3DSurface(), fplotxy(), fplotxyz(), plotxy(),
plotxyf(), plotxyzf().
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plotxyzf

plotxyzf

Synopsis

#include <chplot.h>

int plotxyzf(string_t file, ... /* [string_t title, string_t xlabel, string_t ylabel, string_t Zabdl],

Syntax

[class CPlot *pl] */);

plotxyzf(file)

plotxyzf(file, title, xlabel, ylabel, Zabel)
plotxyzf(file, title, label, ylabel, Zabel, &plot)

Purpose

Plot 3D data from a file or initialize an instance of the CPlotclass.

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.

ylabel The y-axis label.

Zabel 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:

x1
x1
x1

x2
x2
x2

x3
x3
x3

yl
y2
y3

yl
y2
y3

yl
y2
y3

z1
z2
z3

74
z5
z6

z7
78
79

This function can only be used to plot Cartesian grid data. The title, xlabel, ylabel, and Zabel 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
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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 CPl ot plot;
pl ot xyzf("datafile", "title", "xlabel", "ylabel", "zlabel", &plot);

is equivalent to

class CPl ot plot;

pl ot . di mensi on(3);

pl ot.dataFil e("datafile");
plot.title("title");

pl ot. | abel (PLOT AXI S X, "xl abel ");
pl ot .| abel (PLOT_AXI S.Y, "yl abel ");
pl ot. | abel (PLOT AXISZ, "zl abel");

Example

/* File: plotxyzf.ch */
#i ncl ude <chpl ot. h>

#i ncl ude <stdi o. h>

#i ncl ude <math. h>

int main() {
string_t title="Sine and Cosi ne vs Degrees",
x| abel =" Degr ees",
yl abel =" Ampl i tude (I nches)",
z| abel =" Anplitude (I nches)";
string_t file;

file = tnpnan(file); [ltenporary file
int i;

FI LE *out;

out =fopen (file,"W'); /'l wite data to file

for(i=0;i<=359;i++) fprintf(out,"% 9% %\n",i,sin(i*MPI/180),cos(i*MPI/180));
fclose(out);

plotxyzf(file,title, x|l abel,yl abel, zlabel); // call plotting function:
renove(file);

}
Output
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Sine and Cosine vs Degrees

1 ~

05 | -
Amplitude (Inches) /
0 |-

-0.5

See Also
CPlot, CPlot::dataFile(), fplotxy(), fplotxyz(), plotxy(), plotxyz(), plotxyz().
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Header file chshell.h contains the definitions of Ch shell functions. The following functions are designed
for Ch shell programming.

Functions

Function Description

chinfo() Get information about the Ch language environment.

iskey() Find out if a string is a keyword.

isstudent() Find out if the Ch language environment is a student version.
isvar() Find the property of a string.

sizeofelement() Find the size of an element of an array.

Constants

The following macros are defined in chshell.h.

Constant Description

CH_NOTVAR Defined as 0, indicating the string is not a variable
CH_SYSTEMCONST Indicating the string is a system constant.
CH_SYSTEMVAR  Indicating the string is a system variable.
CH_SYSTEMFUN Indicating the string is a system function.
CH_EXTERNVAR Indicating the string is a external variable.

Structure
Structure chinfo_t shall contain the following members
Struct chinfo_t {

string_t edition; /1 ”Professional” or ’Student”
string_t releasedate; /1 ’October 1 1999”
string-t version; 111.07
unsigned intvermajor; /1
unsigned intverminor; /10
}
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Datatype
The data type chinfo_t holds the parameters of the Ch language environment described above.

225



Chapter 3: Shell Functions — < chshell.h> chinfo

chinfo

Synopsis
#include <chshell.h>
int chinfo(chinfo_t *info);

Purpose
Get information about the Ch language environment.

Return Value
This function returns O if it succeeds and -1 if it fails.

Parameters

info A pointer to a structure containing the edition, release date, version, major version number, minor
version number, micro version number, and build number.

Description
This function gets the information about the Ch language environment including the edition, release date,
version, , major version number, minor version number, micro version number, and build number.

Example

#i ncl ude<chshel | . h>

int main() {
chinfo_t info;

i f(chinfo(& nfo)==-1)
printf("Error: chinfo() error\n");

printf("info.edition = %\n", info.edition);
printf("info.rel easedate = %\ n", info.rel easedate);
printf("info.version = %\n", info.version);
printf("info.vermajor = %\ n", info.vermgjor);
printf("info.vermnor = %\ n", info.verm nor);
printf("info.vermcro = %\ n", info.vernicro);

printf("info.verbuild %\ n", info.verbuild);

printf("Ch % Edition v%l. %d. %d. %d % rel eased by %\n", info.edition,
info.vermajor, info.verm nor, info.vermcro, info.verbuild,
info.version, info.rel easedate);

Output

nfo.edition = Professional
nfo.rel easedate = March 1, 2007
nf 0. versi on

nfo.vermgjor =5
nfo.vermnor =5
nfo.vermcro =0
nfo.verbuild = 13151

Ch Professional Edition v5.5.0.13151 released by March 1, 2007
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See Also
isstudent().
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iskey

Synopsis
#include <chshell.h>
int iskey(string_t name);

Purpose
Find out if a string is a keyword.

Return Value
This function returns 1 if the string is a generic function, 2 if it is a keyword starting with aphabetical letter,
3 if it is a other keyword, O otherwise.

Parameters
name The input string.

Description
This function determines if the input string hame is not a keyword.

Example

/* access elenment of a string */
#i ncl ude <stdio. h>

#include <string. h>

#i ncl ude <chshell. h>

int g;
int main() {
int i;

printf("iskey(\"sin\") = %\n", iskey("sin"));
printf("iskey(\"int\") = %\n", iskey("int"));
printf("iskey(\"=\") = %\ n", iskey("="));
printf("iskey(\"unknown\") = %\ n", iskey("unknown"));

printf("isstudent() = %\ n", isstudent());

printf("isvar(\"i\") == CH_NOTVAR = %\ n", isvar("i") == CH NOTVAR);
printf("isvar(\"NaMNM") == CH _SYSTEMCONST = %\ n", isvar("NaN') == CH_SYSTEMCONST);
printf("isvar(\"_path\") == CH_SYSTEMWAR = %\ n", isvar("_path") == CH SYSTEWAR);
printf("isvar(\"g\") == CH EXTERNVAR = %\ n", isvar("g") == CH EXTERNVAR);
printf("isvar(\"isvar\") == CH_EXTERNFUN = %\ n", isvar("isvar") == CH_EXTERNFUN);
printf("isvar(\"unknown\") = %\ n", isvar("unknown"));

}
Output

1
2

skey("sin")
skey("int")
skey("=") =
skey("unknown") = 0

sstudent() = 0

svar("i") == CH.NOTVAR = 1

svar ("NaN') == CH_SYSTEMCONST = 1

w I
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isvar("_path") == CH SYSTEWAR = 1
isvar("g") == CH_EXTERNVAR = 1
isvar("isvar") == CH EXTERNFUN = 1

i svar ("unknown") = 0

See Also
isenv(), isnum(), isstudent(), isvar().
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isstudent

Synopsis
#include <chshell.h>
int isstudent(void);

Purpose
Find out if the Ch language environment is a student version.

Return Value
This function returns 1 if it is a student version and O if it is a professional version.

Description
This function determines if the current Ch language environment is a student version.

Example
See iskey().

See Also
isenv(), isnum(), iskey(), isvar().
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isvar

Synopsis
#include <chshell.h>
int isvar (string_t name);

Purpose
Find the property of a string.

Return Value
This function returns one of the following values:

CH_NOTVAR The string is not a variable.
CH_SYSTEMCONST The string is a system constant.
CH_SYSTEMVAR The string is a system variable.
CH_SYSTEMFUN The string is a system function.
CH_EXTERNVAR The string is a external variable.

Parameters
name The input string.

Description
This function returns an integer to indicate the characteristic of the input string hame.

Example
See iskey()

See Also
isenv(), iskey(), isnum(), isstudent().
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sizeofelement

Synopsis
#include <chshell.h>
int sizeofelement(int etype);

Purpose
Find the size of elements of an array.

Return Value
This function returns the number of characters of the data type represented in integral value.

Parameters
etype An integer indicating the data type of the element of array.

Description
This function finds the size of an element of an array. The argument etype is the data type of the array, and
it can be obtained by calling built-in function elementtype().

Example

/* sizeofelement() returns the size of the data type of the
its argument. If it is an array, the data type of the array el ement
is used */

#i ncl ude <stdio. h>

void funcl(double a[&]) {
int size;

size =sizeof el enent (el enenttype(a));
printf("sizeofelenent(a) = %\ n", size);

}

void func2(array double &) {
int size;

size =si zeof el enent (el enenttype(a));
printf("sizeofelenent(a) = %\n", size);

int main() {
int al[3][4], bl[3];
doubl e a2[3][4], b2[3];
funcl(bl);
funcl(b2);
func2(al);
func2(bl);
func2(a2);
func2(b2);

}
Output

A

si zeof el enent (a)
si zeof el enent (a)
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si zeof el enent (a)
si zeof el enent (a)
si zeof el enent (a)
si zeof el enent (a)

[SoJe ol S o

See Also
eementtype().
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The header complex.h defines macros and declares functions that support complex arithmetic in the latest
ISO C standard. Each synopsis specifies a family of functions consisting of a principal function with one
or more double complex parameters and a double complex, or double, return value; and other functions
with the same name but with f and | suffixes which are corresponding functions with float and long double
parameters and return values.

Functions
The following functions are declared in the complex.h header file.

Function Description

cabs() Calculate complex absoulte value.

cacos() Calculate complex arc cosine.

cacosh() Calculate complex arc hyperbolic cosine.
carg() Calculate complex argument.

casin() Calculate complex arc sine.

casinh() Calculate complex arc hyperbolic sine.
catan() Calculate complex arc tangent.

catanh() Calculate complex arc hyperbolic tangent.
ccos() Calculate complex cosine.

ccosh() Calculate complex hyperbolic cosine.
cexp() Calculate complex exponential.

cimag() Obtain the imaginary part of a complex number.
clog() Calculate complex logarithm.

conj() Calculate complex conjugate.

cpow() Calculate complex power of two variables.
creal() Obtain the real part of a complex number.
csin() Calculate complex sine.

csinh() Calculate complex hyperbolic sine.

ctan() Calculate complex tangent.

ctanh() Calculate complex hyperbolic tangent.
iscnan() Test if the argument is a complex Not-a-Number.
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Macros
The following macro is defined by the complex.h header file.

Macro Description

[ Imaginary number I expands to complex(0.0, 1.0).

Portability
This header has no known portability problem.

Differences between C and Ch

Function conj is a built-in function in Ch.
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cabs

Synopsis

#include <complex.h>

double cabs(double complex z);

float cabsf(float complex 2);

long double cabdl(long double complex 2);

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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z = conplex(1, 2);
printf("cabs(z) = %\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 2);

long double complex cacod (long double complex 2);

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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z
printf("cacos(z)

conpl ex(1, 2);
%\n", cacos(z));

}
Output

cacos(z) = conpl ex(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 2);

long double complex cacoshl(long double complex 2);

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 [-i7r, i7] along the imaginary axis.

Parameters
Zz 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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z = conplex(1, 2);
printf("cacosh(z) = %\n", cacosh(z));

}
Output

cacosh(z) = conplex(1.528571, 1.143718)

See Also
cos(), cacos(), ccos(), ccosh().
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carg

carg

Synopsis

#include <complex.h>

double carg(double complex z);
float cargf(float complex 2);

long double cargl(long double complex 2);

Purpose

Calculates an argument of a complex number.

Return Value

The carg functions return the value of the argument in the range [-m, 7].

Parameters
z Complex argument.

Description

The car g 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

#i ncl ude <conpl ex. h>
#i ncl ude <stdio. h>

int min () {

int i=7;
doubl e f = 30;
double d = -10;

conplex z = conplex(3, 4);
printf("carg(%d) = % radian \n",
printf("carg(%) = % radian \n",

printf("carg(%f) = % radian \n"

printf("carg(%) = % radian \n",
}

Output

carg(7) = 0.000000 radian
car g(30.000000) = 0.000000 radian
carg(-10. 000000) = 3.141593 radi an

car g(conpl ex(3. 000000, 4. 000000)) = 0.927295 radi an

See Also

i

f,
d,

z,

carg(i));

carg(f));
carg(d));

carg(z));
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casin

Synopsis

#include <complex.h>

double complex casin(double complex 2);

float complex casinf(float complex 2);

long double complex casinl(long double complex 2);

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, 7/2] along the real axis.

Parameters
Zz 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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z
printf("casin(z)

conpl ex(1, 2);
%\n", casin(z));

}
Output

casin(z) = conpl ex(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 2);

long double complex casinhl(long double complex 2);

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 [-i7/2, i7/2] along the imaginary axis.

Parameters
Zz Complex argument.

Description

The casinh functions compute the complex arc hyperbolic sine of z with branch cuts outside the interval

[—1, 1] 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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z = conplex(1, 2);

printf("casinh(z) = %\n", casinh(z));

}
Output

casi nh(z) = conpl ex(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 2);

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
Zz 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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z
printf("catan(z)

conpl ex(1, 2);
%\n", catan(z));

}
Output

catan(z) = conpl ex(1.338973, 0.402359)

See Also
tan(), ctan(), catanh(), ctanh().
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catanh

Synopsis

#include <complex.h>

double complex catanh(double complex 2);

float complex catanhf(float complex 2);

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 [-i7/2, i7/2] along the imaginary axis.

Parameters
Zz 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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z = conplex(1, 2);
printf("catanh(z) = %\n", catanh(z));
}

Output

catanh(z) = conpl ex(0.173287, 1. 178097)

See Also
tan(), catan(), ctan(), ctanh().
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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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int min () {
doubl e conplex z = conplex(1, 2);
printf("ccos(z) = %\n", ccos(z));

}
Output

ccos(z) = conpl ex(2.032723, -3.051898)

See Also
cos(), cacos(), cacosh(), ccosh().
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ccosh

Synopsis

#include <complex.h>

double complex ccosh(double complex z);

float complex ccoshf(float complex 2);

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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z
printf("ccosh(z)

conpl ex(1, 2);
%\n", ccosh(z));

}
Output

ccosh(z) = conpl ex(-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 2);

float complex cexpf(float complex z);

long double complex cexpl(long double complex 2);

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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z = conplex(1, 2);
printf("cexp(z) = %\n", cexp(z));
}

Output

cexp(z) = conplex(-1.131204, 2.471727)

See Also
exp().
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cimag

Synopsis

#include <complex.h>

double complex cimag(double complex 2);

float complex cimagf(float complex 2);

long double complex cimagl(long double complex 2);

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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int min () {
doubl e conplex z
printf("cimg(z)

conpl ex(1, 2);
%\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 2);

float complex clogf(float complex 2);

long double complex clogl(long double complex 2);

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, i] 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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int min () {
doubl e conplex z = conplex(1, 2);
printf("clog(z) = %\n", clog(z));
}

Output

clog(z) = conpl ex(0.628609, 1. 107149)

See Also
logO).
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conj

Synopsis

#include <complex.h>

double complex conj(double complex 2);

float complex conjf(float complex 2);

long double complex conjl(long double complex 2);

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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int min () {
doubl e conplex z = conplex(1, 2);
printf("conj(z) = %\n", conj(z));
}

Output

conj (z) = conpl ex(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 zlong 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 x¥, 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

#i ncl ude <conpl ex. h>
#i ncl ude <stdio. h>

int main () {
doubl e conplex z conmpl ex(1, 2);
doubl e conplex y conpl ex(3, 4);
printf("cpowm(z,y) = %\n", cpow(z,Vy));

}
Output

cpowz,y) = conplex(0.129010, 0. 033924)

See Also
pow().
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creal

Synopsis

#include <complex.h>

double creal(double complex 2);

float crealf(float complex 2);

long double creall(long double complex 2);

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 2

Example

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z = conplex(1, 2);
printf("conj(z) = %\n", conj(z));
}

Output

conj (z) = conpl ex(1. 000000, -2. 000000)

See Also
real().
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csin

Synopsis

#include <complex.h>

double complex csin(double complex 2);

float complex csinf(float complex 2);

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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z = conplex(1, 2);
printf("csin(z) = %\n", csin(z));

}
Output

csin(z) = conpl ex(3.165779, 1. 959601)

See Also
sin(), casin(), casinh(), csinh().
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csinh

Synopsis

#include <complex.h>

double complex csinh(double complex 2);

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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z
printf("csinh(z)

conpl ex(1, 2);
%\n", csinh(z));

}
Output

csinh(z) = conpl ex(- 0. 489056, 1. 403119)

See Also
sin(), casin(), csin(), casinh().

253



Chapter 4: Complex Functions — <complex.h> csgrt

csqrt

Synopsis

#include <complex.h>

double complex csgrt(double complex 2);

float complex csgrtf(float complex 2);

long double complex csgrtf(long double complex z);

Purpose
Calculates a square root of a complex number.

Return Value
The csgrt functions return the complex square root value, in the range of the right half plane (including the
imaginary axis).

Parameters
Zz Complex argument.

Description
The csgrt 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 csgrt() function, be used
to compute the complex square root of z

Example

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z
printf("csqrt(z)

conpl ex(1, 2);
%\n", csqrt(z));

}
Output

csqrt(z) = conpl ex(1.272020, 0. 786151)

See Also
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ctan

Synopsis

#include <complex.h>

double complex ctan(double complex 2);

float complex ctanf(float complex 2);

long double complex ctanl(long double complex 2);

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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z = conplex(1, 2);
printf("ctan(z) = %\n", ctan(z));
}

Output

ctan(z) = conpl ex(0.033813, 1.014794)

See Also
tan(), catan(), catanh(), ctanh().
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ctanh

Synopsis

#include <complex.h>

double complex ctanh(double complex 2);

float complex ctanhf(float complex 2);

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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int main () {
doubl e conplex z
printf("ctanh(z)

conpl ex(1, 2);
%\n", ctanh(z));

}
Output

ctanh(z) = conpl ex(1.166736, -0.243458)

See Also
tan(), catan(), ctan(), catanh().
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Ischan

Synopsis
#include <complex.h>
int iscnan(complex 2);

Purpose
Tests whether the complex number is a complex Not-a-Number, ComplexNaN.

Return Value
The iscnan function returns 1 value when zis 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

#i ncl ude <conpl ex. h>
#i ncl ude <stdi o. h>

int min () {
doubl e conpl ex z1 = conplex(1, 2);
doubl e conpl ex z2 = Conpl exNaN,
conpl ex z3 = compl ex(1, 2);
conpl ex z4 = Conpl exNaN;
printf("iscnan(zl) %I\ n", iscnan(zl));
printf("iscnan(z2) %\ n", iscnan(z2));
printf("iscnan(z3) %\ n", iscnan(z3));
printf("iscnan(z4) %I\ n", iscnan(z4));
printf("iscnan(Conpl exNaN) %\ n", iscnan(Conpl exNaN));
printf("iscnan(Conpl exl nf) %\ n", iscnan(Conplexlnf));

}

Output

iscnan(zl) =0
iscnan(z2) =1
iscnan(z3) =0
iscnan(z4) =1

i scnan( Conpl exNaN) = 1
i scnan(Conpl exinf) = 0

See Also
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Character Handling — <ctype.h>

The header ctype.h declares several functions useful for testing and mapping characters. In all cases the
argument is of int type, the value of which shall be representable as an unsigned character or shall equal
the value of the macro EOF, defined in header file stdio.h to represent end-of-file. If the argument has any
other value, the behavior is undefined. These functions shall return a nonzero value for true or zero for false.

The behavior of these functions is affected by the current locale. Those functions that have locale-specific
aspects only when not in the “C” locale are noted below. The term printing character refers to a member of
locale-specific set of characters, each of which occupies one printing position on a display device; the term
control character refers to a member of a locale-specific set of characters that are not printing characters.

Functions

Function Description

isalnum() Tests if an argument is a digit or alphabetic character.
isalpha() Tests if an argument is an alphabetic character.

iscntrl() Tests if an argument is a control character.

isdigit() Tests if an argument is a decimal-digit character.
isgraph() Tests if an argument is a printing character.

islower () Tests if an argument is a lowercase character.

isprint() Tests if an argument is a printing character.

ispunct() Tests if an argument is a punctuation character.

isspace() Tests if an argument is a white-space character.

isupper () Tests if an argument is an uppercase character.

isxdigit() Tests if an argument is a hexadecimal-digit character.
tolower () Converts an uppercase character to a lowercase character.
toupper () Converts a lowercase character to an uppercase character.
Portability

This header has no known portability problem.
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isalnum

Isalnum

Synopsis
#include <ctype.h>
int isalnum(int c);

Purpose
Tests whether the character is a digit or alphabetic character.

Return Value

The isalnum function returns a nonzero value when c is a digit or alphabetic character.

Parameters
c¢ Character.

Description

The isalnum function tests for any character for which isalpha or isdigit is true.

Example

/* a sanple programtesting isalnun() */
#i ncl ude <ctype. h>
#i ncl ude <stdio. h>

int main() {
char c="A";
printf("isalnum’%’) returns %\n", c,isalnun(c));
if(isalnumc) > 0)
printf("' %’ is an al phanumeric character.\n",c);
el se
printf(" %’ is not an al phanuneric character.\n", c);
c ='4;
printf("isalnum’'%’) returns %\n", c, isalnumic));
if(isalnum(c) > 0)
printf("" %’ is an al phanumeric character.\n",c);
el se
printf(" %’ is not an al phanuneric character.\n", c);

}
Output

isalnunm(’ A") returns 1
A" is an al phanuneric character.
isalnun(’4’) returns 1
"4’ is an al phanuneric character.

See Also
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isalpha

Synopsis
#include <ctype.h>
int isalpha(int c);

Purpose
Tests whether the character is an alphabetic character.

Return Value
The isalpha function returns a non-zero value when C is an alphabetic character.

Parameters
c¢ Character.

Description

The isalpha function tests for any character for which isupper or isSlower is true, or any character that is
one of a locale-specific set of alphabetic characters for which none of iscntrl, isdigit, ispunct, or isspaceis
true. In the “C” locale, isalpha returns true only when isupper or islower is true.

Example

/* a sanple programtesting isal pha() */
#i ncl ude <ctype. h>
#i ncl ude <stdio. h>

int main() {
char c="A";
printf("isalpha(’%’) returns %\n", c, isalpha(c));
i f(isalpha(c) > 0)
printf("" %’ is an al phabetical character.\n", c);
el se
printf(" %’ is not an al phabetical character.\n",c);
c =7,
printf("isalpha(’%’) returns %\ n", c,isalpha(c));
i f(isalpha(c) > 0)
printf("" %’ is an al phabetical character.\n", c);
el se
printf(" %’ is not an al phabetical character.\n",c);

}

Output
isal pha(’ A'") returns 1
A is an al phabetical character.

isalpha(’ ') returns O
is not an al phabetical character.

See Also
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iscntrl

iscntrl

Synopsis
#include <ctype.h>
int iscntrl(int c);

Purpose
Tests whether the character is a control character.

Return Value

The iscntrl function returns a non-zero value when C is a control character.

Parameters
¢ Character.

Description
The iscntrl function test for any control character.

Example

/* a sanple programtesting iscntrl () */
#i ncl ude <ctype. h>
#i ncl ude <stdio. h>

int main() {
char ¢ = " A" ;
printf("iscntrl("%’) returns %@\n", c, iscntrl(c));
if(iscntrl(c) > 0)
printf(" %’ is a control character.\n", c);
el se
printf(" %’ is not a control character.\n",c);

}
Output

iscntrl ("A") returns O
A is not a control character.

See Also
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isdigit

isdigit

Synopsis
#include <ctype.h>
int isdigit(int c);

Purpose
Tests whether the character is a decimal-digit character.

Return Value
The isdigit function returns a non-zero value when C is a decimal-digit character.

Parameters
c¢ Character.

Description
The isdigit function tests for any decimal-digit character.

Example

/* a sanple programtesting isdigit() */
#i ncl ude <ctype. h>
#i ncl ude <stdio. h>

int main() {
char ¢ = " A" ;
printf("isdigit(’%’) returns %@\n", c, isdigit(c));
if(isdigit(c) > 0)
printf(" %’ is adigit.\n", c);
el se
printf(" % is not adigit.\n",c);
c="1;
printf("isdigit(’%’) returns %\n", c, isdigit(c));
if(isdigit(c) > 0)
printf("" %’ is adigit.\n",c);
el se
printf(" %’ is not adigit.\n",c);

}

Output

isdigit("A") returns 0
A is not adigit.
isdigit(’1) returns 1
1 is adigit.

See Also
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isgraph

Synopsis
#include <ctype.h>

int isgraph(int c);

Purpose
Tests whether the character is a printing character.

Return Value
The isgraph function returns a non-zero value when C is a printing character.

Parameters
c¢ Character.

Description
The isgraph function tests for any printing character, except space (' ).

Example

/* a sanple programtesting isgraph() */
#i ncl ude <ctype. h>
#i ncl ude <stdio. h>

int main() {
char ¢ = " A" ;
printf("isgraph(’%’) returns %\n", c, isgraph(c));
if(isgraph(c) > 0)
printf(" %’ is a printable character.\n", c);
el se
printf(" %’ is not a printable character or it is a space.\n",
c=""
printf("isgraph(’%’) returns %\n", c, isgraph(c));
if(isgraph(c) > 0)
printf(" %’ is a printable character.\n", c);
el se
printf(" %’ is not a printable character or it is a space.\n",

}

Output

isgraph(’ A") returns 1

A" is a printable character.

isgraph(’ ') returns O
"’ is not a printable character or it is a space.

See Also
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Islower

Synopsis
#include <ctype.h>
int islower (int c);

Purpose
Tests whether the character is a lowercase letter.

Return Value
The islower functions return a non-zero value when € is a lowercase character.

Parameters
c¢ Character.

Description

The idower function tests for any character that is a lowercase letter or is one of a locale-specific set of
characters for which none of iscntrl, isdigit, ispunct, or isspace is true. In the “C” locale, idower returns
true only for the characters defined as lowercase letters.

Example

/* a sanple programtesting islower() */
#i ncl ude <ctype. h>
#i ncl ude <stdio. h>

int main() {
char ¢ = "A;
printf("islower(’%’) returns %d\n", c,islower(c));
if(islower(c) > 0)
printf("' %’ is a |lower case character.\n", c);
el se
printf(" %’ is not a |lower case character.\n", c);
c="'a,;
printf("islower(’%’) returns %d\n", c,islower(c));
if(islower(c) > 0)
printf("' %’ is a |lower case character.\n", c);
el se
printf(" %’ is not a |ower case character.\n",c);

}
Output

islower("A") returns 0

A" is not a |lower case character.
isloner(’a') returns 1

a’ is a lower case character.

See Also
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isprint

isprint
Synopsis
#include <ctype.h>

int isprint(int c);

Purpose
Tests whether the character is a printing character.

Return Value

The isprint function returns a non-zero value when C is a printing character.

Parameters
c¢ Character.

Description
The isprint function test for any printing character, including space (' ).

Example

/* a sanple programtesting isprint() */
#i ncl ude <ctype. h>
#i ncl ude <stdio. h>

int main() {
char ¢ = " A" ;
printf("isprint(’%’) returns %d\n", c,isprint(c));
if(isprint(c) > 0)
printf(" %’ is a printable character.\n", c);
el se
printf(" %’ is not a printable character.\n", c);
c=""
printf("isprint(’%’) returns %d\n", c,isprint(c));
if(isprint(c) > 0)
printf(" %’ is a printable character.\n", c);
el se
printf(" %’ is not a printable character.\n",c);

}
Output

isprint("A") returns 1
A" is a printable character.

isprint(’ ') returns 1
is a printable character.

See Also
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ispunct

Synopsis
#include <ctype.h>
int ispunct(int c);

Purpose
Tests whether the character is a punctuation character.

Return Value

The ispunct functions return a non-zero value when C is a punctuation character.

Parameters
c¢ Character.

Description

The ispunct function tests for any printing character that is one of a locale-specific set of punctuation
characters for which neither isspace nor isalnum is true. In the “C” locale, ispunct returns true for every

printing character for which neither isspace nor isalnum is true.

Example

/* a sanple programtesting ispunct() */
#i ncl ude <ctype. h>
#i ncl ude <stdio. h>

int main() {
char ¢ = "A;
printf("ispunct(’%’) returns %\n", c,ispunct(c));
if(ispunct(c) > 0)
printf(" %’ is a punctuation mark.\n", c);
el se
printf("" %’ is not a punctuation nark.\n", c);
c=":"
printf("ispunct(’%’) returns %\n", c,ispunct(c));
if(ispunct(c) > 0)
printf(" %’ is a punctuation mark.\n", c);
el se
printf(" %’ is not a punctuation nark.\n",c);

}
Output

ispunct (" A") returns O
A" is not a punctuation mark.
ispunct(’;"') returns 1

1 1

;' is a punctuation nark.

See Also
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Isspace

Synopsis
#include <ctype.h>
int isspace(int c);

Purpose
Tests whether the character is a white-space character.

Return Value
The isspace functions return a non-zero value when C is a white-space character.

Parameters
¢ Character.

Description

The isspace function tests for any character that is a standard white-space character or is one of a locale-
specific set of characters for which isalnum is false. The standard white-space characters are the following:
space (" '), form feed ("\f’), new-line ("\n"), carriage return ("\r’), horizontal tab ("\t’), and vertical tab
('\V"). In the “C” locale, isspace returns true only for the standard white-space characters.

Example

/* a sanple programtesting isspace() */
#i ncl ude <ctype. h>
#i ncl ude <stdio. h>

int main() {
char ¢ = "A';
printf("isspace(’%’) returns %\ n", c,isspace(c));
i f(isspace(c) > 0)
printf(" %’ is a white space character.\n", c);
el se
printf(" %’ is not a white space character.\n", c);
c="";
printf("isspace(’%’) returns %\ n", c,isspace(c));
if(isspace(c) > 0)
printf(" %’ is a white space character.\n", c);
el se
printf(" %’ is not a white space character.\n",c);

}
Output

i sspace(’A") returns O
"A" is not a white space character.

isspace(’ ') returns 1
is a white space character.

See Also
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isupper

Synopsis
#include <ctype.h>
int isupper(int c);

Purpose
Tests whether the character is an uppercase character.

Return Value
The isupper function returns a non-zero value when C is an uppercase character.

Parameters
c¢ Character.

Description

The isupper function tests for any character that is an uppercase letter or is one of a locale-specific set of
characters for which none of iscntrl, isdigit, ispunct, or isspace is true. In the “C” locale, isSupper returns
true only for the characters defined as uppercase letters.

Example

/* a sanple programtesting isupper() */
#i ncl ude <ctype. h>
#i ncl ude <stdio. h>

int main() {
char ¢ = "A';
printf("isupper(’%’) returns %d\n", c,isupper(c));
i f(isupper(c) > 0)
printf(" %’ is a upper case character.\n", c¢);
el se
printf(" %’ is not a upper case character.\n", c);
c="'a,;
printf("isupper(’%’) returns %\n", c,isupper(c));
i f(isupper(c) > 0)
printf(" %’ is a upper case character.\n", c);
el se
printf(" %’ is not a upper case character.\n",c);

}
Output

i supper("A’) returns 1

A" is a upper case character.
isupper(’a') returns O

'a'’ is not a upper case character.

1

See Also
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isxdigit

isxdigit

Synopsis
#include <ctype.h>
int isxdigit(int c);

Purpose
Tests whether the character is a hexadecimal-digit character.

Return Value

The isxdigit functions return a non-zero value when C is an hexadecimal-digit character.

Parameters
c¢ Character.

Description
The isxdigit function tests for any hexadecimal-digit character.

Example

/* a sanple programtesting isxdigit() */
#i ncl ude <ctype. h>
#i ncl ude <stdio. h>

int main() {
char ¢ = 'T;
printf("isxdigit(’%’) returns %\n", c,isxdigit(c));
if(isxdigit(c) > 0)
printf("" %’ is a hexadecimal-digit character.\n", c);
el se
printf(" %’ is not a hexadecinmal-digit character.\n", c);
c="'a,;
printf("isxdigit(’%’) returns %\n", c,isxdigit(c));
if(isxdigit(c) > 0)
printf("" %’ is a hexadecimal-digit character.\n", c);
el se
printf(" %’ is not a hexadecinal-digit character.\n",c);

Output

isxdigit('T ) returns O

"T" is not a hexadecinal-digit character.
isxdigit('a') returns 1

'a' is a hexadecinmal-digit character.

See Also

269



Chapter 5: Character Handling — < ctype.h> tolower

tolower

Synopsis
#include <ctype.h>
int tolower (int c);

Purpose
Converts an uppercase character to a lowercase character.

Return Value

If the arguement for which isupper is true, and there are one or more corresponding characters, as specified
by the current locale, for which islower is true, the tolower function returns one of the corresponding char-
acters (always the same one for any given locale); otherwise, the arguement is returned unchanged.

Parameters
¢ Character.

Description
The tolower function converts an uppercase letter to a corresponding lowercase letter.
Example

/* a sanple programthat displays |ower case of the letter. */
#i ncl ude <stdi o. h>
#i ncl ude <ctype. h>

int main() {
char ¢ = 'Q;
printf("tolower('%’) = %\n", c,tolower('Q));

}
Output

tolower('Q) =g

See Also
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toupper

Synopsis
#include <ctype.h>
int toupper (int c);

Purpose
Converts a lowercase character to an uppercase character.

Return Value

If the arguement for which ilower is true, and there are one or more corresponding characters, as specified
by the current locale, for which isupper is true, the toupper function returns one of the corresponding char-
acters (always the same one for any given locale); otherwise, the arguement is returned unchanged.

Parameters
¢ Character.

Description
The toupper function converts a lowercase character to a corresponding uppercase character.

Example

/* a sanple programthat displays uppercase of the letter. */
#i ncl ude <stdi o. h>
#i ncl ude <ctype. h>

int main() {
char ¢ = ’a’;
printf("toupper(’%’) = %\n", c, toupper(c));

)

}
Output

toupper(’a’) = A

See Also
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The header errno.h defines several macros, all relating to the reporting of error conditions.

The macros are

EDOM

EILSEQ

ERANGE
which expand to integer constant expressions with type int, distinct positive values, and which are suitable
for use in #if preprocessing directives; and

errno
which expands to a modifiable lvalue that has type int, the value of which is set to a positive error number
by several library functions.
The value of errno is zero at program startup, but is never set to zero by any libary function. The value of
€rrno may be set to nonzero by a library function call whether or not there is an error, provided the use of
errno is not documented in the description of the function in this International Standard.

Additional macro definitions, beginning with E and a digit or E and an uppercase letter, are specified in the
errno.h header file.

Macros
The following macros are defined bt the errno.h header file.

Macro Description

EDOM Math arg out of domain of func
EILSEQ Illegal byte sequence.
ERANGE Math result not representable
Portability

This header has no known portability problem.
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The header float.h defines several macros that expand to various limits and parameters of the standard
floating-point types.

The macros, their meanings , and the constraints (or restrictions) on their values are listed below.

Macros
The following macros are defined by the float.h header file.

Macro Constraint on the Value Description

FLT_RADIX 2 radix of exponent representation.
Macro Constraint on the Value Description

FLT_MANT_DIG 24 number of base-FLT_RADI Xdigits
DBL_MANT_DIG 53 in the floating-point significant.

LDBL_MANT_DIG

Macro Constraint on the Value Description

FLTDIG 6 number of decimal digits.
DBL_DIG 15

LDBL DIG

Macro Constraint on the Value Description
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FLT_MIN_EXP
DBL_MIN_EXP
LDBL_MIN_EXP

(-125)
(-1021)

minimum negative integer such that
FLT_RADIX raised to one less than
that power is a normalized

Macro

Constraint on the Value

Description

FLT_MIN_10_EXP
DBL_MIN_10_EXP
LDBL _MIN_10_EXP

(-37)
(-307)

minimum negative integer such that
10 raised to that power is in the range
of no number.

Macro Constraint on the Value Description
FLT_.MAX_EXP 128 maximum integer such that FLT_RADIX
DBL_MAX_EXP 1024 raised to one less than that power is a

LDBL_MAX_EXP

representable finite floating-point number.

Macro

Constraint on the Value

Description

FLT_-MAX_10_EXP
DBL_MAX_10.EXP
LDBL_MAX_10_.EXP

38
308

maximum integer such that 10 raised
to that power is in the range of
representable finite floating-point numbers.

Macro Constraint on the Value Description

FLT_-MAX 3.40282347E+38F maximum representable finite floating-point
DBL_MAX 1.797693134862315E+308 number.

LDBL_MAX

Macro Constraint on the Value Description

FLT_EPSILON 1.19209290E-07F the difference between 1 and the least
DBL_EPSILON 2.2204460492503131E-16 value greater than 1 that is representable

LDBL _EPSILON
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Macro Constraint on the Value Description

FLT_MIN 1.17549435E-38F minimum normalized positive floating-point
DBL_MIN 2.2250738585072014E-308 number.

LDBL_MIN

Portability

This header has no known portability problem.
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Sizes of integer types— <limits.h>

The header limits.h defines several macros that expand to various limits and parameters of the standard
integer types.

The macros, their meanings, and the constraints (or restrictions) on their values are listed below.

Portability
This header has no known portability problem.

Macros
The following macros are defined by the limits.h header file.

Macro Description
Constraint on the Value

CHARBIT number of bits for smallest object that is not a bit_filed(byte)
8
SCHAR_MIN minimum value for an object of type signed char
-128// 27
SCHAR_MAX maximum value for an object of type signed char
+127// 27-1
UCHAR_MAX maximum value for an object of type unsigned char
255 // 28-1
CHAR_MIN minimum value for an object of type char
-128 /1 -27
CHAR_MAX maximum value for an object of type char
+127 /1 27-1
MB_LEN_MAX maximum number of bytes in a multibyte character,for any supported locale
1 (This value is platform-dependent.)
SHRT_MIN minimum value for an object of type short int
-32768 // -21°
SHRT _MAX maximum value for an object of type short int
+32767 /] 215-1
USHRT_MAX maximum value for an object of type unsigned short int

65535 // 216-1
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INT_MIN

INT_MAX

UINT_MAX

LONG_MIN

LONG_MAX

ULONG_MAX

LLONG_MIN

LLONG_-MAX

ULLONG_MAX

minimum value for an object of type int

-2147483648 // -2

maximum value for an object of type int

+2147483647 // 23'-1

maximum value for an object of type unsigned int
4294967295 // 232-1

minimum value for an object of type longint
-2147483648 // -23!

maximum value for an object of type longint
2147483647 // 231 -1

maximum value for an object of type unsigned long int
4294967295 // 232-1

minimum value for an object of type long long int
-9223372036854775808 // -253

maximum value for an object of type long long int
+9223372036854775807 // 203-1

maximum value for an object of type unsigned long long int
18446744073709551615 // 264-1
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L ocalization <locale.h>

The header locale.h declares two functions, one type, and defines several macros.
The type is

struct Iconv
which contains members related to the formatting of numeric values. The structure shall contain at least the
following members, in any order. The semantics of the members and their normal ranges are explained later.
In the Ch locale, the members shall have the values specified in the comments.

char  xdecimal_point; i "r
char  xthousands sep; I/
char  xgrouping; /no""
char xmon_decimal_point // ""
char «mon_thousands.sep; // ""
char  xmon_grouping; In "
char xpodtive_sign; /"
char  xnegative_sign; In""
char  xcurrency_symbol; /no""
char frac_digits; /I CHAR_MAX
char p_cs precedes; /I CHAR_.MAX
char n_cs_precedes; /I CHAR_MAX
char  p_sep_by_space; Il CHAR_MAX
char n_sep_by_space; /I CHAR_MAX
char p_sign_posn; /I CHAR_.MAX
char n_sign_posn; /I CHAR_MAX
char  xint_curr_symbol; I/
char int_frac_digits; /I CHAR_MAX
char int_p_cs precedes, /I CHAR_.MAX
char int_n_cs precedes, /I CHAR_.MAX
char int_p_sep_by_space; /I CHAR_MAX
char int_n_sep_by _space; /I CHAR_.MAX
char int_p_sign_posn; /I CHAR_MAX
char int_n_sign_posn; /I CHAR_.MAX

The macros defined are

LCALL
LC_COLLATE
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LC_CTYPE
LC_MONETARY
LC_NUMERIC

LC_TIME
which expand to integer constant expressions with distinct values, suitable for use as the first arguement to
the setlocale function. Additional macro definitions, beginning with the characters L C_ and an uppercase
letter, may be added in the future version.

Functions
The following functions are defined by the locale.h header file.

Function Description

localeconv() Returns a pointer containing the values appropriate for the formatting of the numeric
quantities according to the current locale.

setlocale() Selects the appropriate piece of the program’s locale as specified by the category, and

may be used to change or query the program’s international enviornment.

Macros
The following macros are defined by the locale.h header file.

Macro Description

LCALL Determines all localization categories.

LC_COLLATE Affects the behavior of the string collation functions
strcoll() and strxfrm().

LCCTYPE Affects the behavior of the character classication and
conversion functions.

LC_MONETARY Affects the monetary unit format.

LC_NUMERIC Determines the deciaml-point character for formatted
input/output functions.

LC.TIME Determines the behavior of the strftime() function.

Declared Types

The following types are defined by the locale.h header file.

Type Description
Iconv struct - holds values related to the formatting of numerical values.
Portability

This header has no known portability problem.
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|ocaleconv

Synopsis
#include <localeh>
structlconv *localeconv(void);

Purpose
Numeric formatting convention inquiry.

Return Value

The localeconv function returns a pointer to the filled-in object. The structure pointed to by the return value
shall not be modified by the program, but may be overwritten by a subsequent call to the localeconv function.
In addition, calls to the setlocale function with categories LC_ALL,LC_MONETARY,or LC_NUMERIC
may overwrite the contents of the structure.

Parameters
No argument.

Description
The localeconv function sets the components of an object with type struct lconv with values appropriate
for the formatting of numeric quantities (monetary and otherwise) according to the rules of the current locale.

The members of the structure with type char * are pointers to strings, any of which (except decimal_point)
can point to " ", to indicate that the value is not available in the current locale or is of zero length. Apart
from grouping and mon_grouping, the strings shall start and end in the initial shift state. The members
with type char are nonnegative numbers, any of which can be CHAR_M AX to indicate that the value is not
available in the current locale. The members include the following:

char xdecimal _point
The decimal-point character used to format nonmonetary quantities.

char xthousands_sep
The character used to separate groups of digits before the decimal-point character in formatted nonmonetary

quantities.

char xgrouping
A string whose elements indicate the size of each group of digits in formatted nonmonetary quantities.

char *mon_decimal_point
The decimal-point used to format monetary quantities.

char xmon_thousands sep
The separator for groups of digits before the decimal-point in formatted monetary quantities.

char xmon_grouping
A string whose elements indicate the size of each group of digits in formatted monetary quantities.
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char xpositive_sign
The string used to indicate a nonnegative-valued formatted monetary quantity.

char xnegative_sign
The string used to indicate a negative-valued formatted monetary quantity.

char xcurrency_symbol
The local currency symbol applicable to the current locale.

char frac_digits
The number of fractional digits (those after the decimal-point) to be displayed in a locally formatted mone-
tary quantity.

char p_cs precedes
Set to 1 or O if the currency_symbol respectively precedes or succeeds the value for a nonnegative locally
formatted monetary quantity.

char n_cs_precedes
Set to 1 or O if the currency_symbol respectively precedes or succeeds the value for a negative locally for-
matted monetary quantity.

char p_sep_by_space
Set to a value indicating the separation of the currency_symbol, the sign string, and the value for a nonneg-
ative locally formatted monetary quantity.

char n_sep_by_space
Set to a value indicating the separation of the currency_symbol, the sign string, and the value for a negative
locally formatted monetary quantity.

char p_sign_posn
Set to a value indicating the positioning of the positive sign for a nonnegative locally formatted monetary
quantity.

char n_sign_posn
Set to a value indicating the positioning of the negative sign for a negative locally formatted monetary
quantity.

char xint_curr_symbol

The international currency symbol applicable to the current locale. The first three characters contain the
alphabetic international currency symbol in accordance with those specified in ISO 4217:1995. The fourth
character (immediately preceding the null character) is the character used to separate the international cur-
rency symbol from the monetary quantity.
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char int_frac_digits
The number of fractional digits (those after the decimal-point) to be displayed in an internationally format-
ted monetary quantity.

char int_p_cs precedes
Set to 1 or 0 if the int_currency_symboal respectively precedes or succeeds the value for a nonnegative in-
ternationally formatted monetary quantity.

char int_n_cs precedes
Set to 1 or 0 if the int_currency_symbol respectively precedes or succeeds the value for a negative interna-
tionally formatted monetary quantity.

char int_p_sep_by_space
Set to a value indicating the separation of the int_currency_symbol, the sign string, and the value for a
nonnegative internationally formatted monetary quantity.

char int_n_sep_by_space
Set to a value indicating the separation of the int_currency_symbol, the sign string, and the value for a
negative internationally formatted monetary quantity.

char int_p_sign_posn
Set to a value indicating the positioning of the positive sign for a nonnegative internationally formatted
monetary quantity.

char int_n_sign_posn
Set to a value indicating the positioning of the negative sign for a negative internationally formatted mone-
tary quantity.

The elements of grouping and mon_grouping are interpreted according to the following:

CHAR_MAX No further grouping is to be performed.
0 The previous element is to be repeatedly used for the remainder of the digits.
other The integer value is the number of digits that compose the current group.
The next element is examined to determine the size of the next group
of digits before the current group.

The values of p_sep_by_space, n_sep_by_space, int_p_sep_by_space, and int_n_sep_by_space are inter-
preted according to the following:

0 No space separates the currency symbol and value.

1 If the currency symbol and sign string are adjacent, a space separates them from the value; otherwise,
a space separates the currency symbol from the value.

2 If the currency symbol and sign string are adjacent, a space separates them; otherwise,
a space separates the sign string from the value.

The values of p_sign_posn, n_sign_posn, int_p_sign_posn, and int_n_sign_posn are interpreted according to
the following:
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wWwN PO

4

Parentheses surround the quantity and currency symbol.

The sign string precedes the quantity and currency symbol.
The sign string succeeds the quantity and currency symbol.
The sign string immediately precedes the currency symbol.
The sign string immediately succeeds the currency symbol.

The implementation shall behave as if no library function calls the localeconv function.

|ocaleconv

EXAMPLE 1 The following table illustrates the rules which may well by used by four countries to format
monetry quantities.

Local format

International format

Country Positive | Negative Positive | Negative
Finland 1.234,56 mk -1.23456 mk | FIM 1.234,56 | FIM -1.234,56
Italy L.1.234 -L.1.234 ITL 1.234 -ITL 1.234
Netherlands || f 1.234,56 f -1.234,56 NLG 1.234,56 | NLG -1.234,56
Switzerland || SFrs.1,234.56 | SFrs.1,234.56 | CHF 1,234.56 | CHF -1,234.56

For those four countires, the repective values for the monetary members of the structure returned by locale-

conv are:

H Finland ‘ Itlay

Netherlands ‘ Switzerland

mon_decimal_point || 7" o o
mon_thousands.sep || . " "
mon_grouping "\3" "3 "3
positive_sign " " -
negative_sign ”_» w_» " »

non
” "

a

nn

” CH

currency_symbol " mk” "L "\u0192’ " SFrs”

frac_digits 2 2
p_cs precedes
n_cs_precedes
p-sep_by_space
n_sep_by_space
p_sign_posn
n_sign_posn 1

PR R OO
RPOORRO
e

[EY
N

P OOPRFr kO

2

int_curr_symbol "FIM™ | "ITL” | "NLG” "CHF”

int_facr _digits 2
int_p_cs_precedes
int_n_cs precedes
int_p_sep_by_space
int_n_sep_by_space
int_p_sign_posn
int_n_sign_posn

AP OORR
PR OORRO
AP OORR
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|ocaleconv

EXAMPLE 2 The following table illustrates how the p_cs_precedes, p_sep-by_space, and p_sign_posn mem-
bers affect the formatted value.

Example

p-sep_by_space
p_cs_precedes | p_sign_posn 0o | 1 | 2

0 0 (125%) | (1.259%) | (1.259)
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%+

1 0 (125) | (31.25) | ($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

poi nt

/* a sanple programthat displays the decinal
character used by the current |ocale.
#i ncl ude <stdio. h>
#i ncl ude <l ocal e. h>

int main() {

struct |conv *lc;
I c = local econv();
printf("Decinmal synmbol is:

printf("Thousands separator is:

printf("Currency synmbol is:

}
Output

Deci mal synbol

is:

Thousands separator is:

Currency symnbol

See Also

is:

%\ n",

s\ n",

%\ n",

*/

| c->deci mal _poi nt);

| c->currency_synbol ) ;
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setlocale

Synopsis
#include <locale.h>
char xsetlocale(int category, const char* locale);

Purpose
Locale control.

Return Value

If a pointer to a string is given for locale and the selection can be honored, the setlocale function returns
a pointer to the string associated with the specified category for the new locale. If the selection cannot be
honored, the setlocale function returns a null pointer and the program’s locale is not changed.

A null pointer for locale causes the setlocale function to return a pointer to the string associated with the
category for the program’s current locale; the program’s locale is not changed.

The pointer to string returned by the setlocale function is such that a subsequent call with that string value
and its associated category will restore that part of the program’s locale. The string pointed to shall not be
modified by the program, but may be overwritten by a subsequent call to the setlocale function.

Parameters
category Category of locales.

locale Locale value.

Description

The setlocale function selects the appropriate portion of the program’s locale as specified by the category
and locale arguments. The setlocale function may be used to change or query the program’s entire current
locale or portions thereof. The value LC_ALL for category names the program’s entire locale; the other
values for category name only a portion of the program’s locale. LC_COLLATE affects the behavior of
the strecoll and strxfrm functions. L C_CTY PE affects the behavior of the character handling functions and
the multibyte and wide-character functions. LC_MONETARY affects the monetary formatting information
returned by the localeconv function. LC_NUMERIC affects the decimal-point character for the formatted
input/output functions and the string conversion functions, as well as the nonmonetary formatting informa-
tion returned by the localeconv function. L C_TIME affects the behavior of the strftime function.

A value of ”C” for locale specifies the minimal environment for CH translation; a value of "" for locale
specifies the locale-specific native environment. Other implementation-defined strings may be passed as the
second argument to Setlocale.

At program startup, the equivalent of

setlocale(LC_ALL, "C”);

is executed.
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The implementation shall behave as if no library function calls the setlocale function.

Example

/* a sanple programthat displays the current |ocale setting.*/
#i ncl ude <l ocal e. h>
#i ncl ude <stdio. h>

int main() {
printf("local locale is %\n", setlocal e(LC_ALL,""));

}
Output

local locale is C

See Also
strcoll(), strftime(), strxfrm().
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M athematics <math.h>

The header math.h declares two types, several mathematical functions, and defines several macros. Most
synopses specify a family of functions consisting of a principal function with one or more double parame-
ters, a double return value, or both; and other functions with the same name but with f and 1 suffixes which
are corresponding functions with float and long double parameters, return values, or both. Integer arithmetic
functions and conversion functions are discussed later.

The macro
HUGE_VAL
expands to a positive double constant expression, not necessarily representable as a float.
The macro
INFINITY
expands to a constant expression of type float representing positive or unsigned infinity, if available; else to
a positive constant of type float that overflows at translation time.
The macro
NAN
is defined if and only if the implementation supports quiet NaNs for the float type. It expands to a constant
expression of type float representing a quiet NaN.

The macros

FP_ILOGBO

FP_ILOGBNAN
expand to integer constant expressions whose values are returned by ilogb(x) if X is zero or NaN, respec-
tively. The value of FP_ILOGBQO shall be either INT_MIN or INT_MAX. The value of FP_ILOGBNAN
shall be either INT_MAX or INT_MIN.

287



Chapter 10: Mathematics <math.h>

Functions

The following functions are defined by the math.h header file.

Function Description

acos() Calculates the arc cosine of an argument.

acosh() Calculates the arc hyperbolic cosine of an argument.

asin() Calculates the arc sine of an argument.

asinh() Calculates the arc hyperbolic sine of an argument.

atan() Calculates the arc tangent of an argument in the range [-7/2, 7/2].

atan2() Calculates the arc tangent of an argument in the range [-m, pi].

atanh() Calculates the arc hyperbolic tangent of an argument.

cbrt() Calculates the cubed root of an argument.

ceil() Calculates the smallest integer value not less than the argument.

copysign() Switches signs of two arguments.

cos() Calculates the cosine of an argument.

cosh() Calculates the hyperbolic cosine of an argument.

erf() Calculates the error function.

erfc() Calculates a modified error function.

exp() Calculates the base-e exponential of an argument.

exp2() Calculates the base-2 exponential of an argument.

expml() Calculates the base-e -1 exponential of an argument.

fabs() Calculates the absolute value of an argument.

fdim() Calculates the difference between two arguments.

floor () Calculates the largest integer value not greater than the argument.

fma() Calculates (X+Y)xz.

fmax() Calculates the maximum value of two arguments.

fmin() Calculates the minimum value of two arguments.

fmod() Calculates the remaindes of two arguments.

frexp() Calculates the normalized fractions of an argument.

hypot() Calculates /22 + y2.

ilogb() Calculates the exponent of the argument as a signed int value.

Idexp() Calculates X x 2¢*P,

Igamma() Calculates the absolute logrithmic gamma value of an argument.

log() Calculates the logarithm of an argument.

10g10() Calculates the base-10 logarithm of an argument.

loglp() Calculates the base-e logarithim of one plus the argument.

l0g2() Calculates the base-2 logarithm of an argument.

logb() Calculates the signed exponent of the argument.

Irint() Calculates the rounded integer value of an argument according to the current rounding
direction.

Iround() Calculates the rounded integer value of an argument, rounding halfway cases to zero,
regardless of ounding direction.

maodf() Calculates the signed fractional part of the argument.

nan() Returns a quiet NaN.

near byint() Calculates the rounded integer value of an argument, using the current rounding

direction.
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nextafter () Calculates the next representable value of an argument.

nexttoward() Calculates the next representable value of an argument.

pow() Calculates x7.

remainder() Calculates the remainder of two arguments.

remquo() Calculates the reaminder of two arguments.

rint() Calculates the rounded integer value of an argument.

round() Calculates the rounded integer value of an argument, rounding halfway cases away from zero,
regardless of current rounding direction.

scalbn() Calculates xx FLT_RADIX".

sin() Calculates the sine of an argument.

sinh() Calculates the hyperbolic sine of an argument.

qre() Calculates the square root of an argument.

tan() Calculates the tangent of an argument.

tanh() Calculates the hyperbolic tangent of an argument.

tgammay() Calculates the gamma function of an argument.

trunc() Calculates the truncated integer value of an argument.

Macros

The following macros are defined by the math.h header file.

Macro Description

HUGE_VAL double - Positive constant expression.

INFINITY float - Positive infinity.

NAN float - Not-a-Number.

isfinite int - Returns a nonzero value if the argument is finite.

isgreater double - Returns the value of x>Y.

isgreaterequal double - Returns the value of X>y.

isinf int - Returns a nonzero value if the argument is infinite.

isess double - Returns the value of x<y.

islessequal double - Returns the value of x<y.

islessgreater double - Determines if X is less than, greater than,
or equal to Y.

isnan int - Returns a nonzero value if the argument is NaN.

isnormal int - Returns a nonzero value if the argument is normal,
(neither zero, subnormal, infinite, nor NaN).

isunordered Returns 1 if the argument is unordered.

signbit int - Returns a nonzero value if the argument has a negative
value.

Portability

Functions isnormal(), fpclassify(), signbit() are not available in all platforms. Functions isunordered(),
Irint(), Iround(), NAN(), near byint(), nexttoward(), remquo(), round(), tgamma(), and trunc() are not
supported in any platform.
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acos

acos

Synopsis

#include <math.h>

type acos(type x);

double acos(double x);

float acosf(float x);

long double acod(long double x);

Purpose
Calculate arc cosine.

Return Value

The acos functions return the arc cosine in the range [0, 7] radians.

Parameters
X Argument.

Description

The acos functions compute the arc cosine of X. A domain error occurs for arguments not in the range [-1,

+1]. The function returns the following values related to special numbers:

— acos(+o00) returns NaN.
— acos(NaN) returns NaN.
— acos(+0.0) returns 7/2.
— acos(x) returns NaN for |z| > 1.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {
double x = 0. 3;

printf("acos(x) = %\n", acos(x));

}
Output

acos(x) = 1.266104

See Also
cos(), acosh(), cosh().
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acosh

Synopsis

#include <math.h>

type acosh(type x);

double acosh(double x);

float acoshf(float X);

long double acoshl(long double x);

Purpose
Calculate arc hyperbolic cosine.

Return Value
The acosh functions return the arc hyperbolic cosine in the range [0, oo].

Parameters
X Argument.

Description

The acosh functions compute the (nonnegative) arc hyperbolic cosine of X. A domain error occurs for argu-
ments less than 1. The function returns the following values related to special numbers:

— acosh(—oo) returns NaN.

— acosh(+o0) returns -+o0.

— acosh(NaN) returns NaN.

— acosh(—z) returns NaN, for x > 0.

— acosh(z) returns NaN, for x < 1.0.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>

int main () {
double x = 0.3;
printf("acosh(x) = %\n", acosh(x));

}
Output
acosh(x) = NaN

See Also
cos(), acos(), cosh().
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asin

Synopsis

#include <math.h>

type asin(type x);

double asin(double x);

float asinf(float x);

long double asinl(long double x);

Purpose
Calculate arc sine.

Return Value
The asin functions return the arc sine in the range [-7/2, 7/2].

Parameters
X Argument.

Description

The asin functions compute the principal value of the arc sine of X. A domain error ocurs for arguments not
in the range [-1, +1]. The function returns the following values related to special numbers:

— asin(+00) returns NaN.

— asin(NaN) returns NaN.

— asin(+£0.0) returns £0.0.

— asin(z) returns NaN for |z| > 1.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {
double x = 0. 3;
printf("asin(x) = %\n", asin(x));

}
Output

asin(x) = 0.304693

See Also
sin(), asinh(), sinh().
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asinh

Synopsis

#include <math.h>

type asinh(type x);

double asinh(double x);

float asinhf(float x);

long double asinhl(long double x);

Purpose
Calculate arc sine.

Return Value

The asinh functions return the arc hyperbolic sine value. The function returns the following values related
to special numbers:

— asinh(Z£o00) returns £oo.

— asinh(NaN) returns NaN.

— asinh(£0.0) returns =+0.0.

— asinh(—x) returns -asin(x), for z > 0.

Parameters
X Argument.

Description
The asinh functions compute the arc hyperbolic sine of X.
Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {

double x = 0. 3;

printf("asinh(x) = %\n", asinh(x));
}

Output

asi nh(x) = 0.295673

See Also
sin(), asin(), sinh().
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atan

atan

Synopsis

#include <math.h>

type atan(type x);

double atan(double x);

float atanf(float x);

long double atanl(long double x);

Purpose
Calculate arc tangent.

Return Value

The atan functions return the arc tangent in the range [-7/2, 7/2] radians.

Parameters
X Argument.

Description

The atan functions compute the arc tangent of X. The function returns the following values related to special

numbers:

— atan(£o0) returns +7/2.

— atan(=£0.0) returns £0.0.

— atan(NaN) returns NaN.

— atan(—x) returns -atan(z), for x > 0.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {
double x = 0. 3;

printf("atan(x) = %\n", atan(x));

}
Output

atan(x) = 0.291457

See Also
tan(), atanh(), atanh().
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atan2

atan?2

Synopsis

#include <math.h>

type atan2(typey, type x);
double atan2(doubley, double x);
float atanf(float y, float x );

long double atanl(long doubley, long double x);

Purpose
Calculate arc tangent.

Return Value

The atan2 functions return the arc tangent of y/X, in the range [-m, 7] radians.

Parameters
X Argument.

y Argument.

Description

The atan2 functions compute the principal value of the arc tangent of y/X, using the signs of both arguments
to determine the quadrant of the return value. A domain error may occur if both arguments are zero. The

function returns the following values related to special numbers:
— atan2(£0, x) returns £0, for x > 0.

— atan2(+0, +0) returns +0.

— atan2(£0, x) returns =+, for x < 0.

— atan2(£0, —0) returns ==.

— atan2(y, +0) returns 7 /2 for y > 0.
— atan2(y, £0) returns 7 /2 for y < 0.

— atan2(+y, co) returns 0 for yr >< 0.
— atan2(+o0, x) returns /2, for finite x.
— atan2(+y, —oo) returns £, for y > 0.

— atan2(+o00, 0o) returns +7 /4.
— atan2(+o00, —o0) returns +37 /4.
— atan2(NaN, NaN) returns NaN.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {

double x = 0. 3;
double y = 0.5;
printf("atan2(x,y) = %\n",
}
Output

atan2(x,y));
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atan2(x,y) = 0.540420

See Also
tan(), atan2h(), tan2h().
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atanh

Synopsis

#include <math.h>

type atanh(type x);

double atanh(double x);

float atanhf(float x);

long double atanhl(long double x);

Purpose
Calculate arc hyperbolic tangent.

Return Value
The atanh functions return the arc hyperbolic tangent value.

Parameters
X Argument.

Description

The atanh functions compute the arc hyperbolic tangent of X. A domain error occurs for arguments not
in the range [-1, 1]. A range error may occur if the argument equals -1 or +1. The function returns the
following values related to special numbers:

— atanh(+0) returns $0.

— atanh(+1 ) returns $oo0.

— atanh(x) returns NaN if |z| > 1.

— atanh(+oco ) returns NaN.

— atanh(NaN ) returns NaN.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int main () {

double x = 0. 3;

printf("atanh(x) = %\n", atanh(x));
}

Output

atanh(x) = 0.309520

See Also
tan(), atan(), tanh().
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cbrt

Synopsis

#include <math.h>

double cbrt(double x);

float cbrtf(float x);

long double cbrtl(long double x);

Purpose
Calculate cubed root.

Return Value
The cbrt functions return the value of the cube root.

Parameters
X Argument.

Description

The cbrt functions compute the real cube root of X. The function returns the following values related to
special numbers:

—cbrt(4o0) returns +oo.

—cbrt(40) returns +0.

—cbrt(NaN) returns NaN.

Example

/* a sanpl e programthat solves the cube root */
#i ncl ude <stdio. h>
#i ncl ude <math. h>

int main() {
doubl e x= 8.0;
printf( "the cube root of 8 is %\n",cbrt(x));

}
Output

the cube root of 8 is 2.000000

See Also
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call

Synopsis

#include <math.h>

type cell(type x);

double ceil(double x);

float ceilbf(float x);

long double ceilbl(long double x);

Purpose
Calculate smallest integer.

Return Value

The ceil functions return the smallest integer value not less than X, expressed as a floating-point number.
The function returns the following values related to special numbers:

— cell(d00) returns +oo.

— ceil(£0) returns £0.

— cell(NaN) returns NaN.

Parameters
X Argument.

Description
The ceil functions compute the smallest integer value not less than X.
Example

#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>

int main () {

double x = 0.3;

printf("ceil(x) = %\n", ceil(x));
}

Output

ceil (x) = 1.000000

See Also
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copysign

Synopsis

#include <math.h>

double copysign(double x, double y);

float copysignf(float x, float y);

long double copysignl(long double x, long doubley);

Purpose
Switch signs of values.

Return Value
The copysign functions return a value with magnitude of X and the sign of y.

Parameters
X Argument.

y Argument.

Description

The copysign functions produce a value with the magnitude of X and the sign of y. They produce a NaN
(with the sign of y) if X is a NaN. On implementations that represent a signed zero, but do not treat negative
zero consistently in arithmetic operations, the copysign functions regard the sign of zero as positive.

Example

/* a sanple programthat changes the first number’s
sign to the second nunber’s */

#i ncl ude <stdi o. h>

#i ncl ude <mat h. h>

#i ncl ude <fl oat. h>

int main() {
doubl e x,vy, z;
X -1.563;

y 3. 7664,

z copysign(x,y);

printf("before copysign x = %, y =% \n",Xx,y);

printf("after copysign z =%, y =9% \n",z,y);

}

Output

bef ore copysign x = -1.563000, vy = 3.766400
after copysign z = 1.563000, y = 3.766400

See Also
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Ccos

COS

Synopsis

#include <math.h>
type cos(type X);
double cos(double x);
float cosf(float x);

long double codl(long double x);

Purpose
Calculate cosine.

Return Value

The cos functions return the cosine value.

Parameters
X Argument.

Description

The cos functions compute the cosine of X (measured in radians). The function returns following values

related to special numbers:
— c0S(+0) returns 1.
— Cc0S(+o0) returns NaN.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {
double x = 0. 3;

printf("cos(x) = %\n",

}
Output

cos(x) = 0.955336

See Also
acos(), acosh(), cosh().

cos(x));
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cosh

cosh

Synopsis

#include <math.h>
type cosh(type x);
double cosh(double x);
float coshf(float x);

long double coshl(long double x);

Purpose
Calculate hyperbolic cosine.

Return Value

The cosh functions return the hyperbolic cosine value.

Parameters
X Argument.

Description

The cosh functions compute the hyperbolic cosine of X. A range error occurs if the magnitude of X is too

large. The function returns following values related to special numbers:

— cosh(%0) returns 1.
— cosh(400) returns Foo.
— cosh(Nan) returns NaN.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>

int main () {
double x = 0. 3;

printf("cosh(x) = %\n",

}
Output

cosh(x) = 1.045339

See Also
cos(), acosh(), acos().

cosh(x));
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erf

Synopsis

#include <math.h>

double erf(double x);

float erff(float x);

long double erfl(long double x);

Purpose
Calculate error function.

Return Value
The erf functions return the error function value.

Parameters
X Argument.

Description
The erf functions compute the error function of x: % Iy e~t*dt. The function returns following values

related to special numbers:
— erf(£0) returns +0.
— erf(£o0) returns £1.

Example
/* a sanple programthat returns the error fuction of x */

#i ncl ude <stdio. h>
#i ncl ude <mat h. h>

int main() {

doubl e Xx,y;

X = 1;

y = erf(x);

printf("the error fuction of x= % is %\n",Xx,y);

y = erfc(x);

printf("the conplenentary value of x= % is %\n",Xx,y);
}
Output

the error fuction of x= 1.000000 is 0.842701
the conpl enentary val ue of x= 1.000000 is 0.157299

See Also
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erfc

Synopsis

#include <math.h>

double erfc(double x);

float erfcf(float x);

long double erfcl(long double x);

Purpose
Calculate complementary error function.

Return Value
The erfc functions return the complementary error function value.

Parameters
X Argument.

Description

The erfc functions compute the complementary error function of x: % N et dt. A range error occurs if
X is too large. The function returns following values related to special numbers:

— erfc(+o0) returns £0.

— erfc(—oo) returns £2.

Example
See erf().

See Also
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exp

exp

Synopsis
#include <math.h>

type exp(type x);

double exp(double x);

float expf(float x);

long double expl(long double x);

Purpose
Calculate base-e exponential.

Return Value
The exp functions return the exponential value.

Parameters
X Argument.

Description

The exp functions compute the base-e exponential of X: e®. A range error occurs if the magnitude of X is

too large. The function returns following values related to special numbers:

— eXp(£0) returns 1.

— exXp(4o00) returns +o0.
— exp(—o0) returns +0.
— exp(NaN) returns NaN.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {

double x = 0. 3;

printf("exp(x) = %\n", exp(x));
}

Output

exp(x) = 1.349859

See Also
exp2(), expm1(), frexp().
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exp2

Synopsis

#include <math.h>

double exp2(double x);

float exp2f(float x);

long double exp2l(long double x);

Purpose
Calculate base-2 exponential.

Return Value
The exp2 functions return the base-2 exponential value.

Parameters
X Argument.

Description

The exp2 functions compute the base-2 exponential of X: 2*. A range error occurs if the magnitude of X is
too large. The function returns following values related to special numbers:

— exXp2(+0) returns 1.

— eXp2(+0o0) returns +oo.

— exXp2(—oo) returns +0.

— exp2(NaN) returns NaN.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>

int main() {

double x = 3.0;

printf("exp2(%) = %\n", X, exp2(x));
}

Output

exp2( 3. 000000) = 8.000000

See Also
exp(), expm1(), frexp().
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expml

expml

Synopsis

#include <math.h>
double expm1(double x);
float expm1f(float x);

long double expm1l(long double x);

Purpose
Calculate base-e-1 exponential.

Return Value

The expm1 functions return the value of e® — 1.

Parameters
X Argument.

Description

The expm1 functions compute the base-e exponential of the arguement, minus 1: e* — 1. A range error

occurs if X is too large. The function returns following values related to special numbers:

— expm1(£0) returns 0.

— expml(+o0) returns +oco.
— expml(—o0) returns —1.
— expm1(NaN) returns NaN.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>

int main () {
double x = 0.3;

printf("expml(x) = %\n",

}
Output

expml(x) = 0.349859

See Also
exp(), exp2(), frexp().

expmi(x));
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fabs

Synopsis

#include <math.h>

double fabs(double x);

float fabsf(float x);

long double fabd (long double x);

Purpose
Calculate absolute value.

Return Value
The fabs functions return the absolute value of X.

Parameters
X Argument.

Description

The fabs functions compute the absolute value of a floating-point number X.The function returns following
values related to special numbers:

— fabs(40) returns +0.

— fabg(400) returns +ooc.

— fabs(NaN) returns NaN.

Example

/* a sanple programthat returns the absolute
val ue of x. */

#i ncl ude <stdio. h>

#i ncl ude <mat h. h>

int main() {

fl oat x;

X = -12.5;

printf("The absolute of 93.1f is %3.1f \n",x, fabs(x));
}
Output

The absolute of -12.5 is 12.5

See Also
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fdim

fdim

Synopsis

#include <math.h>

double fdim(double x, doubley);

float fdimf(float x, float y);

long double fdiml(long double x, long doubley);

Purpose
Calculate difference value.

Return Value
The fdim functions return the positive difference value.

Parameters
X Argument.

y Argument.

Description

The fdim functions determine the positive difference between their arguments:

X-yifx>y
+0ifx<y
A range error may occur.

Example

#i ncl ude <stdio. h>
#i ncl ude <mat h. h>

int main() {
double x[2] = {1.0, 3.0};
double y[2] = {3.0, 1.0};
printf("fdim(x[0],y[0])
printf("fdi m(x[1],y[1])

%\n", fdimx[0], y[0]));
%\n", fdimx[1], y[1]));

}

Output

fdim(x[0],y[0]) = 0.000000
fdimx[1],y[1]) = 2.000000

See Also
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floor

Synopsis

#include <math.h>

type floor (type x);
double floor (double x);

float floor bf(float x);

long double floorbl(long double x);

Purpose
Calculate largest integer.

Return Value
The floor functions return the largest integer value not greater than X, expressed as a floating-point number.

Parameters
X Argument.

Description

The floor functions compute the largest integer not greater than X. The function returns following values
related to special numbers:

— floor (X) returns « if @ is Fzooor £ 0.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>

int main () {

double x = 0.3;

printf("floor(x) = %\n", floor(x));
}

Output

floor(x) = 0.000000

See Also
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fma

Synopsis

#include <math.h>

double fma(double x, doubley, double 2);

float fmaf(float x, float vy, float 2);

long double fmal(long double x, long doubley, long double 2);

Purpose
Calculate sum plus product.

Return Value
The fma functions return the sum z plus the product X times Yy, rounded as one ternary operation.

Parameters
X Argument.

y Argument.
Z Argument.

Description

The fma functions compute the sum of z plus the product X times Y, rounded as one ternary operation: they
compute the sum z plus the product X times Y (as if) to infinite precision and round once to the result format,
according to the rounding mode characterized by the value FLT_ROUNDS. The function returns following
values related to special numbers:

— fma(x, y, ) returns NaN if one of x and y is infinite, the other is zero.

— fma(x, y, z) returns NaN if one of = and y is an exact infinite and z is also an infinity but with the oppo-
site  sign.

Example

#i ncl ude <stdio. h>
#i ncl ude <mat h. h>

int main() {
double x = 1.0, y = 2.0, z = 3.0;
printf("fma(%,%,%) = %\n", x, vy, z, fma(x, vy, 2));
}

Output

fma( 1. 000000, 2. 000000, 3. 000000) = 5. 000000

See Also
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fmax

fmax

Synopsis

#include <math.h>

double fmax(double x, doubley);

float fmaxf(float x, float y);

long double fmaxl(long double x, long double y);

Purpose
Calculate maximum numeric value.

Return Value

The fmax functions return the maximum numeric value of their arguments.

Parameters
X Argument.

y Argument.

Description

The fmax functions determine the maximum numeric value of their arguments. The function returns the

following values related to special numbers:

— If just one argument is NaN, the fmax returns the other argument. If both arguments are NaN, the func-

tion
returns a NaN.

Example

/* a sanple programthat decides which of the two values is a max.

#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>

int main() {
double x, vy, z;

X 1.0;

y 2.0;

z =fmax(x, y);
printf("Value 1. %\n", Xx);
printf("Value 2: %\n", y);

printf("% is the maxi numnumeric value.\n",z);

}
Output

Val ue 1: 1.000000
Val ue 2: 2.000000
2.000000 is the maxi mum nuneric val ue.

See Also
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fmin

Synopsis

#include <math.h>

double fmin(double x, doubley);

float fminf(float x, float y);

long double fminl(long double x, long doubley);

Purpose
Calculate minimum numeric value.

Return Value
The fmin functions return the minimum numeric value of their arguments.

Parameters
X Argument.

y Argument.

Description

The fmin functions determine the minimum numeric value of their arguments. The function returns the
following values related to special numbers:

— If just one argument is NaN, the fmin returns the other argument. If both arguments are NaN, the function
returns a NaN.

Example

/* a sanple programthat decides which of the two values is a mn. */
#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int main() {
double x, vy, z;

X = 1.0;

y = 2.0;

z =fmn(x, y);

printf("Value 1. %\n", x);

printf("Value 2: %\n", y);

printf("% is the m ni mumnuneric value.\n", z);

}
Output

Val ue 1: 1.000000
Val ue 2: 2.000000
1.000000 is the mni mum nuneric val ue.

See Also
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fmod

Synopsis

#include <math.h>

type fmod(type x, doubley);

double fmod(double x, doubley);

float fmodf(float x, float y);

long double fmodl(long double x, long doubley);

Purpose
Calculate remainder.

Return Value
The fmod functions compute the floating-point remainder of X/y.

Parameters
X Argument.

y Argument.

Description

The fmod functions return the value x-ny, for some integer n such that, if y is nonzero, the result has the
same sign as X and magnitude less than the magnitude of y. If y is zero, whether a domain error occurs or
the fmod functions return zero is implementation defined. The function returns the following values related
to special numbers:

— fmod(4-0, y) returns +0 if y is not zero.

— fmod(x, y) returns a NaN if z is infinite y is zero.

— fmod(x, +00) returns x if x is not infinite.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>

int min () {

double x = 0.3;

double y = 1.7;

printf("frmod(x,y) = %\n", frod(x,y));
}
Output

f mod(x,y) = 0.300000

See Also
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fpclassify

Synopsis
#include <math.h>
int fpclassify(double x);

Purpose
Classifies argument.

Return Value
The fpclassify macro returns the value of the number classification macro appropriate
to the value of its argument.

Parameters
X Argument.

Description

The fpclassify macro classifies its arguement value as NaN, infinite, normal, subnormal, or zero. First, an
argument represented in a format wider than its semantic type is converted to its semantic type. Then clas-
sification is based on the type of the argument.

See Also
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frexp

Synopsis

#include <math.h>

double frexp(double value, int * exp);

float frexpf(float value, int *exp);

long double frexpl(long double value, int *exp);

Purpose
Converts number into normalized fractions.

Return Value
The frexp functions return the value X, such that X has a magnitude in the interval [1/2, 1] or zero, and value
equal X x 2*¢*P _TIf value is zero, both parts of the result are zero.

Parameters
value Argument.

exp Argument.

Description

The frexp functions break a floating-point number into a normalized fraction and an integral power of 2.
They store the integer in the int object pointed to by exp. The function returns following values related to
special numbers:

— frexp(£0, exp) returns +0.

— frexp(zo00, exp) returns +oo.

— frexp(NaN, exp) returns NaN.

Example

#i ncl ude <stdi o. h>
#i ncl ude <mat h. h>

int main() {
doubl e value = 3.1415926;
doubl e x;
int expt;
x = frexp(val ue, &expt);
printf("x = %\n", x);
printf("*exp = %@\ n", expt);

Output

x = 0.785398
*exp = 2

See Also
exp2(), expm1(), exp().
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hypot

Synopsis

#include <math.h>

double hypat(double x, doubley);

float hypotf(float x, float y);

long double hypotl(long double x, long double y);

Purpose
Calculate sum of squares.

Return Value
The hypot functions return the value of the square root of the sum of the squares.

Parameters
X Argument.

y Argument.

Description

The hypot functions compute the square root of the sum of the squares of X and y, without undue overflow or
underflow. A range error may occur. The function returns the following values related to special numbers:
— hypot(z, y) returns +oo if x is infinite, even if y is a NaN.

— hypot(z, +0) is equivalent to fabs(x).

Example
/* a sanple programthat use hypot()*/

#i ncl ude <stdlib. h>
#i ncl ude <mat h. h>

int main() {

double z,vy;

doubl e x;

X = 3

y = 4

z = hypot (x,y);

printf("The magni tude of the conpl ex number 9%2.1f +i %2. 1f is 9. 1f\n",Xx,y, 2);
}
Output

the nodel of the conplex 3.0+4.0i is 5.0

See Also
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ilogb

Synopsis

#include <math.h>

int ilogb(double x);

int ilogbf(float x);

int doubleilogbl(long double x);

Purpose
Calculate exponent.

Return Value
The ilogb functions return the exponent of X as a signed int value.

Parameters
X Argument.

Description

The ilogb functions extract the exponent of X as a signed int value. If X is zero they compute the value
FP_ILOGBGO; if X is infinite they compute the value INT_MAX; if X is a NaN they compute the value
FP_ILOGBNAN; otherwise, they are equivalent to calling the corresponding logb function and casting the
returned value to type int. A range error may occur if X is 0.

Example

/* The ilogb functions return the signed exponent of x as a signed int value */
#i ncl ude <stdlib. h>
#i ncl ude <mat h. h>

int main() {

doubl e x = 10.0;

printf("The result is %@\n",ilogb(x));
}

Output

The result is 3

See Also
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isfinite

Synopsis
#include <math.h>
int isfinite(double x);

Purpose
Determines if an argument has a finite value.

Return Value
The isfinite macro returns a nonzero value if and only if its argument has a finite value.

Parameters
X Argument.

Description

The isfinite macro determines whether its argument has a finite value (zero, subnormal, or normal, and not
infinite or NaN). First, an argument represented in a format wider than its semantic type is converted to its
semantic type. Then determination is based on the type of the argument.

Example

/* a sanple programthat decides if x is finite. */
#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int main() {
doubl e x;

x = 1.0;
if(isfinite(x))
printf("% is a finite nunmber\n", x);
el se
printf("% is not a finite value\n", x);

}
Output

1.000000 is a finite nunber

See Also
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Isgreater

Synopsis
#include <math.h>
double isgreater (real-floating x, real-floating y);

Purpose
Calculate greater value.

Return Value
The isgreater macro returns the value for (X) > (y).

Parameters
X Argument.

y Argument.

Description

The isgreater macro determines whether its first argument is greater than its second argument. The value of
isgreater (x,y) is always equal to (X)>(y); however, unlike (X)>(y), isgreater (x,y) does not raise the invalid
exception when X and Y are unordered.

Example

#i ncl ude <stdi o. h>
#i ncl ude <mat h. h>

int main() {

double x = 2.0, y=1.0;

printf("isgreater(% %)= %\n", x, y, isgreater(x, y));
}

Output

i sgreater(2. 000000 1.000000)= 1

See Also
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isgreaterequal

Isgreaterequal

Synopsis
#include <math.h>

double isgreaterequal(real-floating x, real-floating y);

Purpose
Calculate greater or equal value.

Return Value

The isgreaterequal macro returns the value of (X) > (y).

Parameters
X Argument.

y Argument.

Description

The isgreaterequal macro determines whether its first argument is greater than or equal to its second ar-
gument. The value of isgreaterequal(x,y) is always equal to (X) > (Yy); however, unlike (X) > (y), is
greaterequal (x,y) does not raise the invalid exception when X and y are unordered.

Example

#i ncl ude <stdi o. h>
#i ncl ude <mat h. h>

int main() {
double x = 2.0, y=1.0, z = 2.0;

printf("isgreaterequal (% %)= %l\n",
printf("isgreaterequal (% %)= %l\n",

}

Output

i sgreat erequal (2. 000000 1.000000)= 1
i sgreat erequal (2. 000000 2.000000)= 1

See Also

X, Y, isgreaterequal (x, y));
X, z, isgreaterequal (x, 2z));
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isinf

|sinf
Synopsis
#include <math.h>

int isinf(double x);

Purpose

Determines if argument has an infinite value.

Return Value

The isinf macro returns a nonzero value if and only if its argument has a infinite value.

Parameters
X Argument.

Description

The isinf macro determines whether its argument is an infinity (positive or negative). First, an argument
represented in a format wider than its semantic type is converted to its semantic type. Then determination is
based on the type of the argument.

Example

/* a sanple programthat decides if x is infinite.

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int main() {
doubl e x;

x = 1.0;
if(isinf(x))
printf ("%
el se
printf("9%
X = +I NFINTY;
if(isinf(x))
printf("9%
el se
printf ("%
}

Output

infinite.\n",x);

not infinite. \n", x);

infinite.\n", x);

not infinite. \n", x);

1. 000000 is not infinite.

Inf is infinite.

See Also
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isless

Synopsis
#include <math.h>
double idess(real-floating x, real-floating y);

Purpose
Calculate smaller value.

Return Value
The isless macro returns the value for (X) < (y).

Parameters
X Argument.

y Argument.

Description

The idless macro determines whether its first argument is less than its second argument. The value of is-
less(x,y) is always equal to (X)<(y); however, unlike (X)<(y), idess(x,y) does not raise the invalid exception
when X and y are unordered.

Example

#i ncl ude <stdi o. h>
#i ncl ude <mat h. h>

int main() {

double x = 2.0, y=1.0;

printf("isless(% %)= %\n", x, y, isless(x, y));
}

Output

i sl ess(2. 000000 1.000000)= 0

See Also

323



Chapter 10: Mathematics <math.h> islessequal

Islessequal

Synopsis
#include <math.h>
double idessequal(real-floating x, real-floating y);

Purpose
Calculate less or equal value.

Return Value
The islessequal macro returns the value of (X) < (y).

Parameters
X Argument.

y Argument.

Description

The idessequal macro determines whether its first argument is less than or equal to its second argument.
The value of islessequal(x,y) is always equal to (X) < (y); however, unlike (X) < (y), islessequal(x,y) does
not raise the invalid exception when X and y are unordered.

Example

#i ncl ude <stdi o. h>
#i ncl ude <mat h. h>

int main() {
double x = 2.0, y=1.0, z = 2.0;
printf("islessequal (% %)= %\n", x, y, islessequal(x, Vy));
printf("islessequal (% %)= %l\n", x, z, islessequal(x, z));

}

Output

i sl essequal (2. 000000 1.000000)= 0
i sl essequal (2. 000000 2.000000)= 1

See Also
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|Slessgreater

Synopsis
#include <math.h>
double idessgreater (real-floating x, real-floating y);

Purpose
Determine which value is greater.

Return Value
The islessgreater macro returns the value of (X) < (y) || (X) > ().

Parameters
X Argument.

y Argument.

Description

The islessgreater macro determines whether its first argument is less than or greater than its second argu-
ment. The islessgreater macro is similar to(x) < (y) || (X) > (y); however, islessgreater (x,y) does not raise
the invalid exception when X and Yy are unordered (nor does it evaluate X and Yy twice).

Example

#i ncl ude <stdi o. h>
#i ncl ude <mat h. h>

int main() {
double x = 2.0, y=1.0, z = 2.0;
printf("islessgreater(% %)= %\n", X, y, islessgreater(x, y));
printf("islessgreater(% %)= %\n", y, z, islessgreater(y, z));

}

Output

i sl essgreater(2.000000 1.000000)= 1
i sl essgreater(1. 000000 2. 000000)= 1

See Also
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isnan

Synopsis
#include <math.h>
int isnan(real-floating x);

Purpose
Determines if argument has an NaN value.

Return Value
The isnan macro returns a nonzero value if and only if its argument has a NaN value.

Parameters
X Argument.

Description

The isnan macro determines whether its argument is a NaN. First, an argument represented in a format
wider than its semantic type is converted to its semantic type. Then determination is based on the type of
the argument.

Example

/* a sanple programthat assigns NaN (not a nunber) to x
and decide if it is NaN. */

#i ncl ude <math. h>

#i ncl ude <stdi o. h>

int main() {

doubl e x;

X = NaN;

if(isnan(x)) printf("% is not a nunmber\n",x);
}
Output

NaN i s not a nunber

See Also
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isnor mal

Synopsis
#include <math.h>
int isnormal(double x);

Purpose
Determines if argument has a normal value.

Return Value
The isnormal macro returns a nonzero value if and only if its argument has a normal value.

Parameters
X Argument.

Description

The isnormal macro determines whether its argument value is normal (neither zero, subnormal, infinite, nor
NaN). First, an argument represented in a format wider than its semantic type is converted to its semantic
type. Then determination is based on the type of the argument.

Example

#i ncl ude <stdi o. h>
#i ncl ude <mat h. h>

int main() {

printf("isnormal (3) = %@\n", isnormal (3));
printf("isnormal (-3) = %\n", isnormal(-3));
printf("isnormal (0) = %\n", isnormal (0));
printf("isnormal (-0) = %\n", isnormal(-0));
printf("isnormal (Inf) = %\ n", isnormal(Inf));
printf("isnormal (-Inf) = %\n", isnormal(-Inf));
printf("isnormal (NaN) = %\ n", isnormal (NaN));

}

Output

snormal (3) =1
snormal (-3) =1
snormal (0) = 0O
snormal (-0) =0
snormal (Inf) =0
snormal (-Inf) =0
snormal (NaN) = 0

See Also
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isunordered

Synopsis
#include <math.h>
double isunordered(real-floating x, real-floating y);

Purpose
Checks for order.

Return Value
The isunordered macro determines whether its arguments are unordered.

Parameters
X Argument.

y Argument.

Description
The isunordered macro returns 1 if its arguments are unordered and O otherwise.

Example

Output
See Also
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ldexp

Synopsis

#include <math.h>

double Idexp(double x, int exp);

float Idexpf(float X, int exp);

long double Idexpl(long double x, int exp);

Purpose
Multiply floating-point number by power of 2.

Return Value
The Idexp functions return the value of xx 2°*P,

Parameters
X Argument.

exp Exponent.

Description
The ldexp functions multiply a floating-point number by an integral power of 2. A range error may occur.

Example
Output

| dexp( 3. 000000, 2) = 12.000000

See Also
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lgamma

Synopsis

#include <math.h>

double Igamma(double x);

float Igammaf(float x);

long double lgammal(long double x);

Purpose
Calculate absolute logrithmic gamma value.

Return Value
The lgamma functions return the gamma function value.

Parameters
X Argument.

Description
The lgamma functions compute the natural logarithm of the absolute value of gamma of x: log, |I'(z)|. A
range error may occur if the magnitude of X is too large or too small.

Example

/* The | gamma functions conmpute the natural |ogarithm of
the absolute value of Gamma of x. */

#i ncl ude <stdio. h>

#i ncl ude <mat h. h>

int main() {

double x = -12.5;

printf("In(| Gamma (9%2. 1f)| is 9. 1f\n", x, | gamma(x));
}
Output

In(| Ganma (-12.5)] is -20.1

See Also
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log

Synopsis

#include <math.h>

double log(double x);

float logf(float x);

long double logl(long double x);

Purpose
Calculate base-e logarithm.

Return Value
The log functions return the base-e logarithm value.

Parameters
X Argument.

Description

The log functions compute the base-e (natural) logarithm of X. A domain error occurs if the argument is
negative. A range error may occur if the argument is zero. The function returns the following values related

to special numbers:

— log(£0) returns —oo.

— log(1) returns +0.

— log(x) returns NaN if 2 < 0.
— log(400) returns +oc.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {

double x = 0. 3;

printf("log(x) = %\n", log(x));
}

Output

log(x) = -1.203973

See Also

331



Chapter 10: Mathematics <math.h>

logl0

log10

Synopsis

#include <math.h>

double logl0(double x);

float loggf(float x);

long double loggl(long double x);

Purpose
Calculate base-10 logarithm.

Return Value

The 10g10 functions return the base-10 logarithm value.

Parameters
X Argument.

Description

The 10g10 functions compute the base-10 (common) logarithm of X. A domain error occurs if the argument
is negative. A range error may occur if the argument is zero. The function returns the following values

related to special numbers:

— 10g10(+0) returns —oo.

— 1og10(1) returns +0.

— 10g10(x) returns NaN if = < 0.
— log10(+00) returns +oo.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {
double x = 0. 3;

printf("logl0O(x) = %\n",

}
Output

| 0g10(x) = -0.522879

See Also

1'0g10(x));
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loglp

Synopsis

#include <math.h>

double loglp(double x);

float loglpf(float x);

long double loglpl(long double x);

Purpose
Calculate base-e logarithm.

Return Value

The loglp functions return the value of the base-e logarithm of 1 plus the argument.

Parameters
X Argument.

Description

The loglp functions compute the base-e (natural) logarithm of 1 plus the argument. A domain error occurs
if the argument is less than -1. A range error may occur if the argument equals -1. The function returns the

following values related to special numbers:
— log(£0) returns +0.

— log(-1) returns —oo.

— log(x) returns NaN if x < —1.

— log(400) returns +oc.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {

double x = 0. 3;

printf("log(x) = %\n", log(x));
}

Output

log(x) = -1.203973

See Also
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log2

log2

Synopsis

#include <math.h>
double log2(double x);
float log2f(float x);

long double log2l(long double x);

Purpose
Calculate base-e logtarithm.

Return Value

The log2 functions return the base-2 logtarithm value.

Parameters
X Argument.

Description

The log2 functions compute the base-2 logtarithm of X. A domain error occurs if the argument is less than
zero. A range error may occur if the argument is zero. The function returns the following values related to

special numbers:
— 10g10(+0) returns —oo.

— 10g10(x) returns NaN if = < 0.

— 10g10(+00) returns +oo.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>

int main () {
double x = 2;

printf("log2(x) = %\n",

}
Output

l 0g2(x) = 1.000000

See Also

l'0g2(x));
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logb

Synopsis

#include <math.h>

double logb(double x);

float logbf(float x);

long double logbl(long double x);

Purpose
Returns signed exponent.

Return Value
The logb functions return the signed exponent of X.

Parameters
X Argument.

Description
The logb functions extract the exponent of X, as a signed integer value in floating-point format. If X is sub-
normal it is treated as though it were normalized; thus, for positive finite X,
1<xx FLT_RADIX °8(® < FLT RADIX.
A domain error may occur if the argument is zero. The function returns the following values related to
special numbers:
— 10g10(£0) returns —oo.
— log10(+00) returns +oc.

Example

/* The logb functions return the signed exponent of x. */
#i ncl ude <stdlib. h>
#i ncl ude <mat h. h>

int main() {

doubl e x = 10.0;

printf("The result is %\n",logb(x));
}

Output

The result is 3.000000

See Also
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Irint

Synopsis

#include <math.h>

long int Irint(double x);

longint Irintf(float x);

long int Irintl(long double x);

long long int lIrint(double x);

long longint llrintf(float x);

long longint llrintl(long double x);

Purpose
Calculate rounded integer.

Return Value
The Irint and llrint functions return the rounded integer value.

Parameters
X Argument.

Description

The Irint and the lIrint functions round their arguement to the nearest integer value, rounding according
to the current rounding direction. If the rounded value is outside the range of the return type, the numeric
result is unspecified. A range error may occur if the magnitude of X is too large.

Example

Output
See Also
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Iround

Synopsis

#include <math.h>

long int Iround(double x);

long int Iroundf(float x);

long int Iroundl(long double x);

long long int lIround(double x);

long long int llIroundf(float x);

long long int llroundl(long double x);

Purpose
Calculate rounded integer.

Return Value
The Iround and llround functions return the rounded integer value.

Parameters
X Argument.

Description

The Iround and the llround functions round their argument to the nearest integer value, rounding halfway
cases away from zero, regardless of the current rounding direction. If the rounded value is outside the range
of the return type, the numeric result is unspecified. A range error may occur if the magnitude of X is too
large.

Example

Output
See Also
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modf

Synopsis

#include <math.h>

double modf(double value, double *iptr);

float modff(float value, float *iptr);

long double modfl(long double value, long double *iptr);

Purpose
Return fractional value.

Return Value
The modf functions return the value of the signed fractional part of value.

Parameters
value Argument.

iptr Pointer.

Description

The modf functions break the argument value into integral and fractional parts, each of which has the same
type and sign as the argument. They store the integral part (in floating-point format) in the object pointed to
by iptr. The function returns the following values related to special numbers:

— modf(value, iptr) returns a result with the same sign as the argument value.

— modf(doc, iptr) returns +0 and stores £oo in the object pointed to by iptr.

— modf of a NaN argument stores a NaN in the object pointed to by iptr (and returns a NaN).

Example

Output
See Also
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nan

Synopsis

#include <math.h>

double nan(const char *tagp);

float nanf(const char *tagp);

long double nanl(const char *tagp);

Purpose
Return a NaN.

Return Value
The nan functions return a quiet NaN, if available, with content indicated through tagp. If the implementa-
tion does not support quiet NaNs, the functions return zero.

Parameters
tagp Argument.

Description

The call nan(” n-char-sequence’) is equivalent to strtod(" nan( n- char - sequence)", (char**)
NULL); the call nan(””) is equivalent to strtod" nan()", (char**) NULL) . IF tagp does not point
to an n-char-sequence or an empty string, the call is equivalent to strtod( " nan", (char**) NULL).
Calls to nanf and nanl are equivalent to the corresponding calls to strtof and strtold.

Example

Output
See Also
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near byint

Synopsis

#include <math.h>

double near byint(double x);

float near byintf(float x);

long double near byintl(long double x);

Purpose
Calculate rounded integer.

Return Value
The near byint functions return the rounded integer value.

Parameters
X Argument.

Description
The near byint functions round their argument to an integer value in floating-point format, using the current
rounding direction and without raising the inexact exception.

Example

Output
See Also
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nextafter

Synopsis

#include <math.h>

double nextafter (double x, doubley);

float nextafterf(float x, float y);

long double nextafter|(long double x, long double y);

Purpose
Returns next value.

Return Value
The nextafter functions return the next representable value in the specified format after X in the direction of

V.

Parameters
X Argument.

y Argument.

Description

The nextafter functions determine the next representable value, in the type of the function, after X in the
direction of y, where X and y are first converted to the type of the function. The nextafter functions return
yif X equals y. A range error may occur if the magnitude of X is the largest finite value representable in the
type, or the result is infinite or not representable in the type.

Example

/* a sanple programthat conputes the next representable value */
#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int main() {
double x, vy, z;
X 5.0;

y 10. 0;

z nextafter(x, y);

printf("% is the next representable value.\n", z);

}
Output

5. 000000 is the next representabl e val ue.

See Also
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nexttoward

Synopsis

#include <math.h>

double nexttoward(double x, long doubley);

float nexttowar df(float x, long doubley);

long double nexttowar di(long double x, long doubley);

Purpose
Return fractional value.

Return Value

Parameters
X Argument.

y Argument.

Description
The nexttoward functions are equivalent to the nextafter functions except that the second parameter has
type long double.

Example

Output
See Also
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pow

Synopsis

#include <math.h>

type pow(typeXx, typey);

double pow(double x, doubley);

float powf(float x, float y);

long double powl(long double x, long double y);

Purpose
Calculate value to a power.

Return Value
The pow functions return the value of X raised to the power Y.

Parameters
X Argument.

y Argument.

Description

The pow functions compute X raised to the power y. A domain error occurs if X is negative and Y is finite
and not an integer value. A domain error occurs if the result cannot be represented when X is zero and VY is
less than or equal to zero. The function returns the following values related to special numbers:
— pow(x, +0) returns 1 for any x, even a NaN.

— pow(zx, +00) returns +oo for |x| > 1.

— pow(zx, +00) returns +0 for |z| < 1.

— pow(zx, —oo) returns +0 for |z| > 1.

— pow(x, —oo) returns +oo for |z| < 1.

— pow(+o0, y) returns +oo for |y| > 0.

— pow(+o0, y) returns +0 for |y| < 0.

— pow(—o0, y) returns —oo for y an odd integer > 0.

— pow(—o0, y) returns +oo for y > 0 and not an odd integer.

— pow(—o0, y) returns -0 for y an odd integer < 0.

— pow(—o0, y) returns +0 for y < 0 and not an odd integer.

— pow(=£1, +00) returns a NaN.

— pow(x, y) returns a NaN for finite < 0 and finite non-integer .

— pow(=0, y) returns +oo for y an odd integer< 0.

— pow(=0, y) returns +oo for y < 0 and not an odd integer.

— pow(=0, y) returns + O for y an odd integer > 0.

— pow(=£0, y) returns 40 for y > 0 and not an odd integer.

Example
Output

pow( 2. 000000 3. 000000) = 8. 000000
See Also
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remainder

Synopsis

#include <math.h>

double remainder (double x, doubley);

float remainderf(float x, float y);

long double remainderl(long double x, long double y);

Purpose
Calculate remainder.

Return Value
The remainder functions return the value of XREM .

Parameters
X Argument.

y Argument.

Description

The remainder functions compute the remainder X REM y.

Example

/* The function returns the value of r = x REMy.

i nteger nearest the exact value of x/y. */
#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>

int main() {
double x, vy, z;

X = 5.0;

y = 2.0;

z =renmai nder (X, Yy);

printf("x = %\n", x);
printf("y = %\n", y);
printf("Remainder = %.\n",2z);

}
Output

X 5. 000000
y 2. 000000
Remai nder = 1. 000000.

See Also
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remquo

Synopsis

#include <math.h>

double remquo(double x, doubley, int*quo);

float remquof(float x, float y, int*quo);

long double remquol(long double x, long doubley, int*quo);

Purpose
Return fractional value.

Return Value
The remquo functions return the value of X REM .

Parameters
X Argument.

y Argument.
quo Pointer.

Description

The remquo functions compute the same remainder as the remainder functions. In the object pointed to by
quo they store a value whose sign is the sign of X/y and whose magnitude is congruent modulo 2" to the mag-
nitude of the integral quotient of X/y, where nis an implementation-defined integer greater than or equal to 3.

Example
Output
See Also
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rint

Synopsis

#include <math.h>
doublerint(double x);

float rintf(float x);

long doublerintl(long double x);

Purpose
Calculate rounded integer.

Return Value
The rint functions return the rounded integer value.

Parameters
X Argument.

Description

The rint functions differ from the nearbyint functions only in that the rint functions may raise the inexact
exception if the result differs in value from the argument. The function returns the following values related
to special numbers:

— rint(£0) returns 0 (for all rounding directions).

— rint(+o00) returns oo (for all rounding directions).

Example

/* a sanple programthat rounds a doubl e nunber. */
#i ncl ude <stdlib. h>
#i ncl ude <math. h>

int main() {

doubl e x = 213. 645;

printf("%3.3f is rounded to % \n",x,rint(x));
}

Output

213.645 is rounded to 214. 000000

See Also
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round

Synopsis

#include <math.h>

double round(double x);

float roundf(float x);

long double roundl(long double x);

Purpose
Calculate rounded integer.

Return Value

The round functions return the rounded integer value.

Parameters
X Argument.

Description

The round functions round their argument to the nearest integer value in floating-point format, rounding

halfway cases away from zero, regardless of the current rounding direction.

Example
Output
See Also
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scalbn and scalbln

Synopsis

#include <math.h>

double scalbn(doublex, int n);

float scalbnf(float X, int n);

long double scalbnl(long double x, int ny;
double scalbln(double x, int n);

float scalbInf(float X, int n);

long double scalblnl(long double x, int n);

Purpose
Return the value of xx FLT_RADIX".

Return Value

The scalbn and scalbln functions return the value of xx FLT_RADIX".

Parameters
X Argument.

n Integer.

Description

The scalbn and scalbln functions compute xx FLT_RADIX" efficiently, not normally, by computing

FLT RADIX" explicitly. The function returns the following values related to special numbers:

— scalbn(x, n) returns x if x is infinite or zero.
— scalbn(z, 0) returns .

Example

/* a sanple programthat decides which of the two values is a max.

#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>

int main() {
doubl e x, z;

int vy;
x = 5.0;
y =2

z =scal bn(x, vy);
printf("Value 1. %\n", x);
printf("Value 2: %\n", vy);

printf("% is the maxi numnumeric value.\n", z);

}
Output

Val ue 1: 5.000000
Val ue 2: 2
20. 000000 is the maxi mum nuneric val ue.

See Also
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signbit

Synopsis
#include <math.h>
int signbit(double x);

Purpose
Determines if argument has a negative value.

Return Value
The signbit macro returns a nonzero value if and only if its argument has a negative value.

Parameters
X Argument.

Description
The signbit macro determines whether its argument value is negative.

Example

#i ncl ude <stdi o. h>
#i ncl ude <mat h. h>

int main() {
printf("signbit(3) = %\n", signbit(3));
printf("signbit(-3) = %\n", signbit(-3));
}

Output
See Also
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sin

Synopsis

#include <math.h>
type sin(type x);
double sin(double x);
float sinf(float x);

long double sinl(long double x);

Purpose
Calculate the sine.

Return Value

The sin functions return the sine value.

Parameters
X Argument.

Description

The sin functions compute the sine of X (measured in radians). The function returns the following values

related to special numbers:
— sin(40) returns 0.
— Sin(Z400) returns a NaN.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {
double x = 0. 3;

printf("sin(x) = %\n",

}
Output

sin(x) = 0.295520

See Also
asin(), asinh(), sinh().

sin(x));
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sinh

Synopsis

#include <math.h>

type sinh(type x);

double sinh(double x);

float sinhf(float x);

long double sinhl(long double x);

Purpose
Calculate the hyperbolic sine.

Return Value
The sinh functions return the hyperbolic sine value.

Parameters
X Argument.

Description

The sinh functions compute the hyperbolic sine of X. A range error occurs if the magnitude of X is too large.

The function returns the following values related to special numbers:

— sinh(&4:0) returns 0.
— sinh(4c0) returns +oco.
Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {

double x = 0. 3;

printf("sinh(x) = %\n", sinh(x));
}

Output

sinh(x) = 0.304520

See Also
sin(), asinh(), asin().
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sort

Synopsis

#include <math.h>
double sgrt(double x);
float sgrtf(float x);

long double sgrtl(long double x);

Purpose
Calculate square root.

Return Value

The sqrt functions return the value of the square root.

Parameters
X Argument.

Description

The sgrt functions compute the non-negative square root of X. A domain error occurs if the argument is less

than zero.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>

int main () {
double x = 0.3;

printf("sqrt(x) = %\n",

}
Output

sqrt(x) = 0.547723

See Also

sqrt(x));
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tan

Synopsis

#include <math.h>
type tan(type x);
doubletan(double x);
float tanf(float x);

long doubletanl(long double x);

Purpose
Calculate the tangent.

Return Value

The tan functions return the tangent value.

Parameters
X Argument.

Description

The tan functions compute the tangent of X (measured in radians). The function returns the following values

related to special numbers:
— tan(%0) returns 0.
— tan(4-00) returns NaN.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {
double x = 0. 3;

printf("tan(x) = %\n",

}
Output

tan(x) = 0.309336

See Also
atan(), atanh(), tanh().

tan(x));
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tanh

Synopsis

#include <math.h>
type tanh(type x);
double tanh(double x);
float atanhf(float x);

long double atanhl(long double x);

Purpose
Calculate the hyperbolic tangent.

Return Value

The tanh functions return the hyperboilc tangent value.

Parameters
X Argument.

Description

The tanh functions compute the hyperboilc tangent of X. The function returns the following values related

to special numbers:
— tanh(20) returns +0.
— tanh(400) returns +1.

Example

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>

int min () {
double x = 0. 3;

printf("tanh(x) = %\n",

}
Output

tanh(x) = 0.291313

See Also
tan(), atanh(), atan().

tanh(x));
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tgamma

Synopsis

#include <math.h>

double tgamma(double x);

float tgammaf(float x);

long double tgammal(long double x);

Purpose
Calculate gamma value.

Return Value
The tgamma functions return the gamma function value.

Parameters
X Argument.

Description

The tgamma functions compute the gamma function of x: I'(z). A domain error occurs if X is a negative
integer of zero. A range error may occur if the magnitude of Xis too large or too small. The function returns
the following values related to special numbers:

— tgamma(+o0) returns +oo.

— tgamma(x) returns +oo if x is a negative integer or zero.

— tgamma(—oo) returns a NaN.

Example

Output
See Also
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trunc

Synopsis

#include <math.h>
doubletrunc(double x);

float truncf(float x);

long doubletrunc(long double x);

Purpose
Calculate truncated integer.

Return Value
The trunc functions return the truncated integer value.

Parameters
X Argument.

Description
The trunc functions round their argument to the integer value, in floating-point format, nearest to but no
larger in magnitude than the argument.

Example

Output
See Also
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Numeric Analysis— <numeric.h>

Header file numeric.h contains the definitions of high-level numeric analysis functions, which are avail-
able only in Ch Professional Edition. It includes the following header files math.h, stdarg.h, array.h and
difen.h. The following high-level functions are designed for numeric analysis.

Function

Description

balance()

ccompanionmatrix()
cdeterminant()
cdiagonal()
cdiagonalmatrix()
cfevalarray()
cfunm()

char polycoef()
choldecomp()

cinverse()
clinsolve()
cmean()

combination()
companionmatrix()
complexsolve()
complexsolvePP()
complexsolvePR()
complexsolveRP()
complexsolveRR()
complexsolveRRz()
condnum()

conv()

conv2()

cor rcoef()

Balances a general real matrix to improve accuracy of computed
eigenvalues.

Calculate companion matrix with complex number.

Calculate the determinant of a complex matrix.

Get a vector with diagonals of a complex matrix.

Create diagonal matrix from a complex vector.

Complex array function evaluation.

Evaluate general complex matrix function.

Calculate the coefficients of characteristic polynomial of a matrix.
Computes the Cholesky factorization of a symmetric positive definite
matrix A.

Calculate the inverse of a complex square matrix.

Solve the linear set of complex equations by LU decomposition.
Calculate the mean value of all the elements and mean values of each row
of a complex array.

Calculate the number of combination of n things taken K at a time.
Calculate a companion matrix.

Solve a complex equation.

Solve a complex equation.

Solve a complex equation.

Solve a complex equation.

Solve a complex equation.

Solve a complex equation.

Calculate condition number of a matrix.

One-dimensional Discrete Fourier Transform (DFT) based convolution.
Two-dimensional Discrete Fourier Transform (DFT) based convolution.
Correlation coefficients calculation.
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correlation2()
cpolyeval()
cproduct()

cquadratic()

cross()
csum()

ctrace()
ctriangularmatrix()
cumprod()
cumsum()
curvefit()

covariance()
deconv()
derivative()
derivatives()
determinant()
diagonal()
diagonalmatrix()
difference()
dot()

eigen()
eigensystem()
expm()
factorial()
fevalarray()
fftQ)

filter()
filter2()
findvalue()
fliplr O
flipud()
fminimum()

fminimums()
fsolve()
funm()
fzero()

ged()

getnum()
hessdecomp()

histogram()
householder matrix()

Obtain a two-dimensional correlation coefficient.

Calculate the value of a complex polynomial at a complex point.
Calculate product of all elements or products of the elements of a complex
array of any dimension and the products of of each row of a
two-dimesional complex array.

Compute the solution of a quadratic equation in complex number.
Calculate vector cross product.

Calculate the sum of all elements of a complex array of any dimension
or sums of elements in each row of a two-dimensional complex array.
Calculate the sum of diagonal elements of a complex matrix.

Get the upper or lower triangular part of a complex matrix.

Calculate cumulative product of elements in an array

Calculate cumulative sum of elements in an array

Fit a set of data points X and Yy to a linear combination of specified
base functions.

Covariance matrix.

One-dimensional Discrete Fourier Transform (DFT) based deconvolution.
Calculate numerical derivative of a function at a given point.
Calculate numerical derivatives of a function at multiple points.
Calculate the determinant of a matrix.

Get a vector with diagonals of a matrix.

Create diagonal matrix of a vector.

Calculate differences between adjacent elements of array.

Calculate vector dot product.

Find eigenvalues and eigenvectors.

Find eigenvalues and eigenvectors.

Computes a matrix exponential.

Factorial function.

Array function evaluation.

N-dimensional Fast Fourier Transform (FFT) calculation.

Filters the data.

Two-dimensional Discrete Fourier Transform based FIR filter.

Obtain indices of nonzero elements of an array.

Flip matrix in left/right direction.

Flip matrix in up/down direction.

Find the minimum value of a one-dimensional function and

its corresponding position for the minimum value.

Find the minimum position and value of an n-dimensional function.
Find a zero position of a nonlinear system of equations.

Evaluate general real matrix function.

Find a zero position of a nonlinear function with one variable.

Obtain the greatest common divisor of the corresponding value of two
arrays of integral type.

Get a number with default value from the console.

Reduces a real general matrix to upper Hessenberg form by an
orthogonal/unitary matrix similarity transformation.

Calculate and plot histograms.

Get the Householder matrix.
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identitymatrix()
ifft()
integral1()
integral2()
integral3()
integration2()
integration3()
interpl()
interp2()
invers()
lem()

lindata()
linsolve()
linrange()
linspace()
IIsgcovsolve()

IIsgnonnegsolve()

lIsgsolve()
logm()
logdata()
logrange()
logspace()
ludecomp()
maxloc()
maxv()
mean()

median()

minloc()

minv()

norm()
nullspace()
oderk()
oderungekutta()
odesolve()
orthonormalbase()
pinverse()
polyder ()
polyder2()
polyeval()
polyevalarray()
polyevalm()
polyfit()
product()

Create an identity matrix.

N-dimensional inverse Fast Fourier Transform (FFT) calculation.
Numerical integration of a one-dimensional function.

Numerical integration of a two-dimensional function.

Numerical integration of a three-dimensional function.

Numerical integration of a two-dimensional function.

Numerical integration of a three-dimensional function.
One-dimensional interpolation.

Two-dimensional interpolation.

Calculate the inverse of a square matrix.

Obtain the least common multiple of the corresponding value of two
arrays of integral type.

Generate a linearly spaced data.

Solve the linear set of equations by LU decomposition.

Generate a linearly spaced array of double type.

Generate a linearly spaced array. Obsolete, use lindata()

Solve linear system of equations based on linear least-squares with
known covariance.

Solve linear system of equations with non-negative values based on
linear least-squares method.

Least squares solution of sets of linear equations.

Computes matrix natural logarithm.

Generate a logarithmically spaced data.

Generate a logarithmically spaced array of double type.

Generate a logarithmically spaced array. Obsolete, use logdata()
LU decomposition of general m-by-n matrix.

Find the location of maximum value of an array.

Find the maximum values of the elments of each row of a matrix.
Calculate the mean value of all the elements and mean values of each
row in an array.

Find the median value of all the elements and median values of
elements in each row of an array.

Find the location of the minimum value of an array.

Find the minimum values of each row in a two-dimensional array.
Calculate vector and matrix norms.

Calculate null space of a matrix.

Solve ordinary differential equation using Runge-Kutta Method.
Solve ordinary differential equation using Runge-Kutta Method.This function is obsolete
Solve ordinary differential equation. This function is obsolete.
Find orthonormal bases of a matrix.

Calculate Moore-Penrose pseudoinverse of a matrix.

Take derivative of a polynomial.

Calculate the derivative of product or quotient of two polynomials.
Calculate the value of a polynomial and its derivatives.

Polynomial evaluation for a sequence of points.

Calculate the value of a matrix polynomial.

Fit a set of data points to a polynomial function.

Calculate product of all elements of an array of any dimension or
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grdecomp()
grdelete)
grinsert()
quadratic()
randint()
rank()
residue()
rcondnum()
roots()
rot90()
rsf2csf()
specialmatrix()
Cauchy
ChebyshevVandermonde
Chow
Circul
Clement
DenavitHartenberg
DenavitHartenberg2
Dramadah
Fiedler
Frank
Gear
Hadamard
Hanke
Hilbert
Inver seHilbert
Magic
Pascal
Rosser
Toeplitz
Vandermonde
Wilkinson
schurdecomp()
sign()
sort()
sqrtmq)
std()
sum()

svd()
trace()
triangularmatrix()

unwrap()

urand()
vertex()

products of the elements of each row of a two-dimensional array.
Compute the orthogonal-triangular QR decomposition of a matrix.
Remove a column in a QR factorized matrix.

Insert a column in a QR factorized matrix.

Compute the solution of a quadratic equation.

Generate a random integer.

Find the rank of a matrix.

Partial-fraction expansion or residue computation.

Matrix reciprocal condition number estimate.

Find the roots of a polynomial.

Rotate matrix 90 degrees.

Convert a real Schur form to a complex Schur form.

Generate a special matrix.

Generate a Cauchy matrix.

Generate a Vandermonde-like matrix for the Chebyshev polynomials.
Generate a Chow matrix.

Generate a Circul matrix.

Generate a Clement matrix.

Generate a Denavit-Hartenberg matrix.

Generate a Denavit-Hartenberg matrix.

Generate a Dramadah matrix.

Generate a Fiedler matrix.

Generate a Frank matrix.

Generate a Gear matrix.

Generate a Hadamard matrix.

Generate a Hankel matrix.

Generate a Hilbert matrix.

Generate a inverse Hilbert matrix.

Generate a Magic matrix.

Generate a Pascal matrix.

Generate a Rosser matrix.

Generate a Toeplitz matrix.

Generate a Vandermonde matrix.

Generate a Wilkinson matrix.

Compute Schur decomposition.

Sign function.

Sorting and ranking elements in ascending order.

Computes the square root of a matrix.

Calculate the standard deviation of a data set.

Calculate the sum of all elements or sums of elements in each row
of an array.

Singular value decomposition.

Calculate the sum of diagonal elements.

Get the upper or lower triangular part of a matrix.

Unwrap radian phase of each element of input array by changing its
absolute jump greater than 7 to its 2 * 7 complement.

Uniform random-number generator.

Compute the vertex of a quadratic polynomial.
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xcorr() Obtain a one-dimensional cross-correlation vector.
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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 aso that b = d~!xaxd.
If ais 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 dimen-
sion and data type as input & 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.

#i ncl ude <numeric. h>
int main() {

int m=5;
array double a[5][5] = { 1, 10, 100, 1000, 10000,
0.1, 1, 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[n], d[m[mM;
status = bal ance(a, b, d);
if (status == 0) {
printf("a =\n%\n", a);
printf("b =\n%\n", b);
printf("d =\n%\n", d);
printf("inverse(d)*a*d - b =\n%\n", inverse(d)*a*d-b);
}
el se
printf("error: calculation error in balance().\n");
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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
0. 000000 100. 000000 0.000000 0.000000 0.000000
0. 000000 0. 000000 10. 000000 0.000000 0. 000000
0. 000000 0. 000000 0.000000 1.000000 0.000000
0. 000000 0. 000000 0.000000 0.000000 0O.100000

inverse(d)*a*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 O.000000 0.000000

Example2
Balance a complex general matrix.

#i ncl ude <nuneric. h>

int main() {

int m= 4;
array double complex a[4][4] = { 0, 0, conmplex(1,1), O,
0, 0, 0, complex(1,1),
conpl ex(11, 1), conpl ex(10,1), 0, O,
conpl ex(10, 1), conpl ex(11,1), 0, O0};
int status;

array double conplex b[n[n];
array double d[nj[n];
status = bal ance(a, b, d);
if (status == 0) {
printf("a =\n%l. 2f\n", a);
printf("b =\n%t. 2f\n", b);
printf("d =\n%t. 2f\n", d);
printf("inverse(d)*a*d -b =\n%.2f\n", inverse(d)*a*d-b);
}
el se
printf("error: calculation error in balance().\n");
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Output2

a =
conpl ex(0. 00, 0. 00) conpl ex(0.00, 0.00) comnpl ex(1.00,1.00) conpl ex(0.00, 0.00)

conpl ex(0. 00, 0.00) conpl ex(0.00, 0.00) conpl ex(0.00, 0.00) conpl ex(1.00,1.00)
conpl ex(11. 00, 1. 00) conpl ex(10. 00, 1. 00) conpl ex(0. 00, 0. 00) conpl ex(0. 00, 0. 00)
conpl ex(10. 00, 1. 00) conpl ex(11. 00, 1. 00) conpl ex(0. 00, 0. 00) conpl ex(0. 00, 0. 00)
b =

conpl ex(0. 00, 0. 00) conpl ex(0.00, 0.00) conpl ex(10.00, 10. 00) conpl ex(0. 00, 0. 00)
conpl ex(0. 00, 0. 00) conpl ex(0.00, 0.00) comnpl ex(0.00, 0.00) conpl ex(10. 00, 10. 00)
conpl ex(1. 10, 0.10) conpl ex(1.00, 0.10) conpl ex(0.00, 0.00) conpl ex(0. 00, 0. 00)

conpl ex(1.00,0.10) conpl ex(1.10,0.10) conpl ex(0.00, 0.00) conpl ex(0. 00, 0.00)

0 0.00 0.00 0.00
0 0.10 0.00 0.00
0 0.00 1.00 0.00
0 0.00 0.00 1.00

[eNeoNeoNelNoN
[cNeoNeN I

inverse(d)*a*d -b =

conpl ex(0. 00, 0. 00) conpl ex(0.00, 0. 00) conpl ex(0.00, 0.00) conpl ex(0. 00, 0.00)
conpl ex(0. 00, 0.00) conpl ex(0.00, 0.00) conpl ex(0.00, 0.00) conpl ex(0. 00, 0.00)
conpl ex(0. 00, 0. 00) conpl ex(0.00, 0.00) conpl ex(0.00, 0.00) conpl ex(0. 00, 0.00)

conpl ex(0. 00, 0. 00) conpl ex(0.00, 0.00) conpl ex(0.00, 0.00) conpl ex(0. 00, 0.00)

See Also
eigensystem().

References

E. Anderson, et al, LAPACK Users Guide, Society for Industrial and Applied Mathematics, Philadelphia,
1992.
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ccompanionmatrix

ccompanionmatrix

Synopsis
#include <numeric.h>
array double complex ccompanionmatrix(array double complex v{&[:1[:1;

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

#i ncl ude <nuneric. h>
int main() {

array double conplex v[4] = {complex(1,2),3,4,5}; /* (1+i2)x"3 + 3x"2 + 4x + 5 */

int n =4
array doubl e conplex a[n-1][n-1];

a = cconpani onmatri x(v);
printf("cconmpani onmatrix(a) =\n%\n", a);

Output

cconmpani onmatrix(a) =

conpl ex(-0. 600000, 1. 200000) conpl ex(- 0. 800000, 1. 600000) conpl ex(- 1. 000000, 2. 000000)

conpl ex( 1. 000000, 0. 000000) conpl ex(0. 000000, 0. 000000) conpl ex( 0. 000000, 0. 000000)

conpl ex( 0. 000000, 0. 000000) conpl ex(1. 000000, 0. 000000) conpl ex( 0. 000000, 0. 000000)

See Also
companionmatrix(), roots(), eigensystem(), polycoef().

References
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cdeter minant

cdeter minant

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 cdeter minant() 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.

#i ncl ude <nunmeric. h>
int main() {
array double conplex a[2][2] = {conplex(1,2), 4,
3, 7}
/* a2 is an ill-detition matrix */
array double a2[2][2] = {2, 4,
2.001, 4.0001};
/* a3 is singular */

array double a3[2][2] = {2, 4,
4, 8};

array conplex b[2][2] = {2, 4,
3, 7}

array double ¢[3][3] = {-1,5,6,
3,-6,1,

6,8, 9} ; /* n-by-n matrix */

doubl e conpl ex det;

det = cdeterm nant(a);
printf("cdeterm nant(a) = %g\n", det);
det = cdeterni nant(a2);
printf("cdeterm nant(a2) = %g\n", det);
det = cdeterni nant(a3);
printf("cdeterm nant(a3) = %g\n", det);
det = cdeterm nant(b);
printf("cdeterm nant(b) = %g\n", det);
det = cdetermi nant(c);
printf("cdeterm nant(c) = %g\n", det);
}

Output
cdeterm nant (a) = conpl ex(-5, 14)
cdet erm nant (a2) = conpl ex(-0. 0038, - 0)
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cdet erm nant (a3) = conpl ex(-0,-0)
cdet er mi nant ( b) conpl ex(-2,0)
cdet erm nant (c) conpl ex(317, -0)

See Also
determinant(), inver se(), 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(a, 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

#i ncl ude <numeric. h>
int main() {
array double conplex a[3][3] = {conplex(1,2), 2, 3
4, 5, 6,
7, 8, 9};
int n =3, k =1;
array doubl e conplex d[n], d2[n-(abs(k))];

d = cdiagonal (a);
printf("cdiagonal (a) = %9.2f\n", d);

d2 = cdi agonal (a, k);
printf("cdiagonal (a, 1) = 9%9.2f\n", d2);

k =-1;

d2 = cdiagonal (a, k);

printf("cdiagonal (a, -1) = 9%9.2f\n", d2);
}

Outputl
cdi agonal (a) = conpl ex(1.00, 2. 00) conpl ex(5.00, 0.00) conpl ex(9. 00, 0. 00)

cdi agonal (a, 1) = conpl ex(2.00, 0.00) conpl ex(6.00, 0.00)

cdi agonal (a, -1) = conpl ex(4.00, 0.00) conpl ex(8. 00, 0.00)
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{compl ex(1, 2),

1

b

d);

Example2
#i ncl ude <numeric. h>
int main() {
array double conplex a[4][3] =
4, 5, 6
7, 8, 9
4, 4, 4
int m4, n =3, kl =1, k2 = -1;
array double conplex d[min(m n)];
array double conplex di[fmn(m n-k1)];
array doubl e conplex d2[ m n(mtk2, n)];
d = cdiagonal (a);
printf("cdiagonal (a) = %®. 2f\ n",
dl = cdi agonal (a, kl1);
printf("cdiagonal (a, 1) = 9%9.2f\n", dil);
d2 = cdi agonal (a, k2);
printf("cdiagonal (a, -1) = 99.2f\n", d2);
}
Output2

cdi agonal (a) = conpl ex(1.00, 2. 00) conpl ex(5.00, 0.00) conpl ex(9. 00, 0. 00)

2,

cdi agonal (a, 1) = conpl ex(2.00, 0.00) conpl ex(6.00, 0.00)

cdi agonal (a,

Example3
#i ncl ude <nuneric. h>
int main() {
array double conmplex a[3][4] = {conmplex(1,2),
5 6, 7, 8§,
9, 4, 4, 4},
int m¥3, n =4, k1l =1, k2 = -1;
array double conplex d[min(m n)];
array double conplex difmn(m n-k1)];
array doubl e conpl ex d2[ mi n(mtk2, n)];
d = cdiagonal (a);
printf("cdiagonal (a) = %®.2f\n", d);
dl = cdiagonal (a, kl);
printf("cdiagonal (a, 1) = %9.2f\n", dl);
d2 = cdi agonal (a, k2);
printf("cdiagonal (a, -1) = 9%9.2f\n", d2);
}
Output3

cdi agonal (a) = conpl ex(1.00, 2. 00) conpl ex(6.00, 0.00) conpl ex(4. 00, 0.00)
cdi agonal (a,

cdi agonal (a, -1) = conpl ex(5.00, 0.00) conpl ex(4. 00, 0.00)
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2,

3,

-1) = conpl ex(4. 00, 0. 00) conpl ex(8.00, 0.00) conpl ex(4.00, 0.00)

4,

1) = conpl ex(2.00,0.00) conplex(7.00,0.00) conpl ex(4.00,0.00)

cdiagonal
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See Also
diagonal(), cdiagonalmatrix().

References
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cdiagonalmatrix

Synopsis
#include <numeric.h>
array double complex cdiagonalmatrix(array double complex v[&],... /* [int k] *)[:]1[:];

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 £ < 0
below the main diagonal.

Example

#i ncl ude <numeric. h>

int main() {
array double conplex v[3] = {1, 2, 3};
int n =3, k;
array doubl e conplex a[n][n];

a = cdiagonal matrix(v);
printf("cdiagonal matrix a =\n%\n", a);

k = 0;
a = cdi agonal matrix(v, k);
printf("cdiagonal matrix(a, 0) =\n%\n", a);

k = 1;

array doubl e a2[ n+tabs(k)][n+abs(k)];

a2 = cdiagonal matrix(v, k);

printf("cdiagonal matrix(a2, 1) =\n%\n", a2);

k = -1;

array doubl e a3[ n+abs(k)][n+abs(k)];

a3 = cdiagonal matrix(v, k);

printf("cdiagonal matrix(a3, -1) =\n%\n", a3);
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Output

cdi agonal matrix a =
conpl ex(1. 000000, 0.0

conpl ex( 0. 000000, 0.0

conpl ex( 0. 000000, 0.0

cdi agonal matrix(a, O
conpl ex(1. 000000, 0.0

conpl ex( 0. 000000, 0.0

conpl ex( 0. 000000, 0.0

cdi agonal matri x(a2

0. 000000 1.000000 O.
0. 000000 0. 000000 2.
0. 000000 0. 000000 O.
0. 000000 0. 000000 O.

cdi agonal matri x(a3

0. 000000 0. 000000 O.
1. 000000 0. 000000 O.
0. 000000 2.000000 O.
0. 000000 0. 000000 3.

See Also

00000)
00000)

00000)

) =
00000)

00000)

00000)

1) =
000000
000000
000000
000000

_]_) =
000000
000000
000000
000000

diagonalmatrix(), diagonal().

References

conpl ex(0.
conpl ex( 2.

conpl ex(0.

conpl ex( 0.
conpl ex( 2.

conpl ex(0.

. 000000
. 000000
. 000000
. 000000

. 000000
. 000000
. 000000
. 000000

000000, 0.
000000, 0.

000000, 0.

000000, 0.
000000, 0.

000000, 0.
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000000)
000000)

000000)
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conpl ex( 3.

conpl ex( 0.
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conpl ex( 3.

000000, 0.
000000, 0.

000000, 0.

000000, 0.
000000, 0.

000000, 0.

cdiagonalmatrix

000000)
000000)

000000)

000000)
000000)
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cfevalarray

Synopsis

#include <numeric.h>

int cfevalarray(array double &y, double complex (*func)(double complex x), array double &, ...
/* [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 O 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 An input 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.

#i ncl ude <nuneric. h>
#define N 2
#define M 3

doubl e compl ex func(doubl e conplex x) {
return x*x;

}

int main() {
array float conplex y2[NN[M, x2[NJ[M; /* diff data types, diff dim?*/
array int maskl[N[M = {1, 0, 1, 0, 1, 1};

l'i nspace(x2, 1, N*M;

x2[ 1] [ 2] =conpl ex(2, 3);
cfeval array(y2, func, x2);
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printf("y2 = 9%.2f\n", y2);

cfeval array(y2, func, x2, maskl, -1);
printf("y2 = 9%.2f\n", y2);

Output

y2 = conpl ex( 1.00, 0.00) conplex( 4.00, 0.00) conplex( 9.00, 0.00)
conpl ex(16. 00, 0.00) conpl ex(25.00, 0.00) conplex(-5.00,12.00)

y2 = conpl ex( 1.00, 0.00) conplex(-1.00, 0.00) conplex( 9.00, 0.00)
conpl ex(-1.00, 0.00) conplex(25.00, 0.00) conplex(-5.00,12.00)

See Also
fevalarray().

374
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cfunm

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.

#i ncl ude <nuneric. h>
doubl e conpl ex nyl og(doubl e conpl ex x) {
return log(x);

}

int main() {
array doubl e compl ex zx[3][3]={conpl ex(1,1), conplex(2,2),0,
3, conpl ex(4, 1), conpl ex(2, 5),
0, 0, 0};
array doubl e complex zy[3][3];

expm(zy, zx);

printf("zx = \n%. 1f", zx);

printf("zy = \n%. 1f", zy);

cfunnm(zx, nyl og, zy);

printf("zx = \n%. 1f", zx);
}

Output
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zZX =
conpl ex( 1.
conpl ex( 3.
conpl ex( O.
zy =

conpl ex( - 44.
conpl ex(-12.
conpl ex( 0.
zZX =

conpl ex( 1.
conpl ex( 3.
conpl ex( O.
See Also

0, 1
0, O
0, O
9, 56
5, 118.
0, O
0, 1
0, O
0, O

.0)
.0)
.0)

. 8)

7)

.0)

.0)
.0)
.0)

conpl ex( 2.
conpl ex( 4.
conpl ex( O.
conpl ex( - 87.
conpl ex(-57.
conpl ex( 0.
conpl ex( 2.
conpl ex( 4.
conpl ex( O.

0, 2
0, 1
0, O
5, 70
4, 175.
0, O
0, 2
0, 1
0, O

cfunm(), expm(), logm(), funm(), sgrtm).

References
G. H. Golub, C. F. Van Loan, Matrix Computations Third edition,

1996

.0)
.0)
.0)

.9)

5)

. 0)

.0)
.0)
.0)

conpl ex(
conpl ex(
conpl ex(

0.0
2.0, 5.0)
0.0, 0.0)

conpl ex(-101.5,-18.9)
conpl ex(-155.5, 67.8)

conpl ex(
conpl ex(

conpl ex(
conpl ex(
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cfunm

The Johns Hopkins University Press,
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char polycoef

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 O 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(xzI — A). The coefficients are in the order of descending powers. The polynomial it represents is
pox" + ... + Pr—1Z + pp.

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.

#i ncl ude <nuneric. h>
int main() {
/* eigenval ues of a symtrical matrix are always real nunbers */
array double al[3][3] = {0.8, 0.2, 0.1,
0.2, 0.7, 0.3,
0.1, 0.3, 0.6};
/* eigenval ues of a non-symtrical matrix can be either real nunbers or
conpl ex nunbers */
/* this non-symtrical matrix has real eigenval ues */
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-symtrical matrix has conpl ex ei genval ues */
array double a3[3][3] = {3, 9, 23,

2, 2, 1,
-7, 1, -9},
array doubl e conplex a4[2][2] = {conplex(1,2), 4,
3, 7}

array doubl e charpol ynom al [ 4];
array doubl e conpl ex zcharpol ynom al [ 4];
array doubl e conpl ex zcharpol ynom al 2[ 3] ;

char pol ycoef (char pol ynoni al , al);
printf("charpol ynom al from charpol ycoef (al) =\n%\n", charpolynonial);
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char pol ycoef (char pol ynoni al , a2);
printf("charpol ynom al from charpol ycoef (a2) =\n%\n", charpol ynomni al);

char pol ycoef (char pol ynoni al , a3);
printf("charpol ynom al from charpol ycoef(a3) =\n%\n", charpolynonial);

char pol ycoef (zchar pol ynoni al , a3);
printf("zcharpol ynom al from charpol ycoef (zcharpol ynom al, a3) =\n%\n",
zchar pol ynomi al ) ;

char pol ycoef (zchar pol ynoni al 2, a4);
printf("zcharpol ynomi al 2 from char pol ycoef (zchar pol ynoni al 2, a4) =\n%\n",
zchar pol ynom al 2) ;

}
Output

char pol ynoni al from char pol ycoef (al) =
1. 000000 -2.100000 1.320000 -0.245000

char pol ynoni al from char pol ycoef (a2) =
1. 000000 -2.100000 1.400000 -0.300000

char pol ynoni al from char pol ycoef (a3) =
1. 000000 4. 000000 103. 000000 -410.000000

zchar pol ynomi al from char pol ycoef (zchar pol ynom al, a3) =
conpl ex(1. 000000, 0. 000000) conpl ex(4. 000000, 0. 000000) conpl ex(103. 000000, 0. 000000)
conpl ex(-410. 000000, 0. 000000)

zchar pol ynomi al 2 from char pol ycoef (zchar pol ynoni al 2, a4) =
conpl ex( 1. 000000, 0. 000000) conpl ex(-8.000000, -2. 000000) conpl ex(-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 I[&][&], ...
/* [char mode] */);

Syntax
choldecomp(a, I); choldecomp(a, |, ” mode” );

Purpose
Computes the Cholesky factorization of a symmetric ,positive ,definite matrix A.

Return Value
This function returns O 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=L1L"TL

for upper trangle factorization or
A=1L"

for lower triangle factorization. where L7 is the transpose of matrix L. For a symmetric positive finite

matrix A of complex type, instead of L’ the Hermitian L of matrix L shall be used.
Examplel
Cholesky factorization of a real matrix.

#i ncl ude <numeric. h>
int main() {
int m=5;

array double a[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};

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,
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1, 5, 15,35,70};
int status;
array double I[n[n];

status = chol deconp(a, 1|)
if (status == 0) {
printf("upper triangle | =\n%\n", I);

printf("transpose(l)*l - a =\n%\n", transpose(l)*l-a);
}
el se
printf("error: Mtrix nust be positive definite.\n"
"The % order of matrix is not positive definite.\n", status)
status = chol decomp(a, I, "I");
if (status == 0) {
printf("lower triangle | =\n%\n", |);
printf("l*transpose(l) - a =\n%\n", |*transpose(l)-a);
}
el se

printf("error: Mtrix nust be positive definite.\n"
"The % order of matrix is not positive definite.\n", status)

status = chol deconp(al, I);
if (status == 0) {
printf("l =\n%\n", 1);

}
el se {
printf("a =\n%", al);
printf("error: Mtrix nust be positive definite.\n"
"The % order of matrix is not positive definite.\n", status)
}
}
Outputl

upper triangle | =

1. 000000 1.000000 1.000000 1.000000 1.000000
0. 000000 1.000000 2.000000 3.000000 4.000000
0. 000000 0. 000000 1.000000 3.000000 6.000000
0. 000000 0. 000000 0.000000 1.000000 4.000000
0. 000000 0. 000000 0.000000 0.000000 1.000000
transpose(l)*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
lower triangle I =

1. 000000 0. 000000 0. 000000 0.000000 0.000000
1. 000000 1.000000 0. 000000 0.000000 0.000000
1. 000000 2. 000000 1.000000 0.000000 0.000000
1. 000000 3. 000000 3.000000 1.000000 0.000000
1. 000000 4. 000000 6. 000000 4.000000 1.000000

| *transpose(l) - a =
0. 000000 0. 000000 0.000000 0.000000 0. 000000
0. 000000 0. 000000 0.000000 0.000000 0. 000000
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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 nust be positive definite.

The 1 order of matrix is not positive definite.

Example2
Cholesky factorization of a complex matrix.

#i ncl ude <nuneric. h>

int main() {
int m= 3;
array double complex a[3][3] =
{ conplex(2,0), conplex(0,-1), conplex(0,0),
conpl ex(0, 1), conplex(2,0), conplex(0,0),
conpl ex(0,0), conplex(0,0), conplex(3,0)};

int status;
array double conplex I[ni[ni;

status = chol deconp(a, 1)
if (status == 0) {
printf("upper triangle | =\n%.3f\n", |);

printf("transpose(l)*l - a =\n%. 3f\n", conj(transpose(l))*l-a);
}
el se
printf("error: Mtrix nust be positive definite.\n"
"The % order of matrix is not positive definite.\n", status)
status = chol decomp(a, I, "1");

if (status == 0) {
printf("lower triangle | =\n%.3f\n", |);

printf("l*transpose(l) - a =\n%. 3f\n", |*conj(transpose(l))-a);
}
el se
printf("error: Mtrix nust be positive definite.\n"
"The % order of matrix is not positive definite.\n", status)
}
Output2

upper triangle | =

conpl ex(1. 414, 0. 000) conpl ex(0. 000, -0.707) conpl ex(0.000, 0. 000)
conpl ex( 0. 000, 0. 000) conpl ex(1.225,0.000) conplex(0.000,0.000)
conpl ex( 0. 000, 0. 000) conpl ex(0. 000, 0. 000) conpl ex(1.732,0.000)

transpose(l)*l - a =

conpl ex( 0. 000, 0. 000) conpl ex(0. 000, 0. 000) conpl ex(0.000, 0. 000)
conpl ex( 0. 000, 0. 000) conpl ex(-0.000, 0. 000) conpl ex(0.000, 0. 000)
conpl ex( 0. 000, 0. 000) conpl ex(0.000, 0. 000) conpl ex(-0.000, 0. 000)
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lower triangle | =

conpl ex(1. 414, 0. 000)
conpl ex( 0. 000, 0. 707)
conpl ex( 0. 000, 0. 000)

| *transpose(l) - a =
conpl ex( 0. 000, 0. 000)
conpl ex( 0. 000, 0. 000)
conpl ex( 0. 000, 0. 000)

References

conpl ex( 0. 000, 0. 000) conpl ex(0. 000, 0. 000)
conpl ex(1. 225, 0. 000) conpl ex(0. 000, 0. 000)
conpl ex( 0. 000, 0. 000) conpl ex(1.732,0.000)

conpl ex( 0. 000, 0. 000) conpl ex(0.000, 0. 000)
conpl ex(-0. 000, 0. 000) conpl ex(0. 000, 0. 000)
conpl ex( 0. 000, 0. 000) conpl ex(-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

cinver se

Synopsis
#include <numeric.h>

array double complex cinverse(array double complex a[:1[:], ... /* [int *status] */)[:]1[:];

Syntax
cinver se(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

#i ncl ude <nuneric. h>
int main() {
array double conplex a[2][2] = {conplex(2,-3), 4,
3, 7}; I/ n-by-n matrix
array double conplex inv[2][2];
int status;

inv = cinverse(a);

printf("cinverse(a) =\n%\n", inv);
printf("a =\n%\n", a);
printf("cinverse(a)*a =\n%\n", inv*a);

printf("a*cinverse(a) =\n%\n", a*inv);

inv = cinverse(a, &status);
if(status == 0)
printf("cinverse(a, &status) = %\n", inv);
el se
printf("error: nunerical error in cinverse()\n");

Output
cinverse(a) =

conpl ex( 0. 031461, 0. 330337) conpl ex(-0. 017978, - 0. 188764)
conpl ex(- 0. 013483, - 0. 141573) conpl ex( 0. 150562, 0. 080899)
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a =
conpl ex( 2. 000000, - 3. 000000) conpl ex(4. 000000, 0. 000000)
conpl ex( 3. 000000, 0. 000000) conpl ex( 7. 000000, 0. 000000)

cinverse(a)*a =
conpl ex(1. 000000, - 0. 000000) comnpl ex(0. 000000, 0. 000000)
conpl ex(-0. 000000, - 0. 000000) conpl ex(1. 000000, 0. 000000)

a*cinverse(a) =
conpl ex(1. 000000, - 0. 000000) conpl ex(0. 000000, 0. 000000)
conpl ex( 0. 000000, - 0. 000000) conpl ex(1. 000000, 0. 000000)

cinverse(a, &status) = conpl ex(0.031461, 0. 330337) conpl ex(-0.017978, -0. 188764)
conpl ex(-0.013483, - 0. 141573) conpl ex(0. 150562, 0. 080899)

See Also
inver se(), 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 sys-
tem 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 aas a = P x 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 =0b.

Example
Solution of a linear system of equations with complex coefficients.

#i ncl ude <nuneric. h>
int main() {
array double conmplex a[3][3] = {conplex(3,4), 0, 6,

0, 2, 1,
1, 0, 1};
array double conmplex b[3] = {2,
13,
25},

array doubl e conmplex x[3];
int status;

clinsolve(x, a, b);
printf("linsolve(x, a, b) =\n%\n", Xx);

status = clinsolve(x, a, b);
if(status == 0)

printf("clinsolve(x,a,b) =\n%\n", x);
el se
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printf("error: numerical error in clinsolve()\n");

}
Output

linsolve(x, a,b) =
conpl ex(17. 760000, 23. 680000) conpl ex(2. 880000, 11. 840000) conpl ex(7.240000, - 23. 680000)

clinsolve(x,a,b) =
conpl ex(17. 760000, 23. 680000) conpl ex( 2. 880000, 11. 840000) conpl ex(7. 240000, - 23. 680000)

See Also
lIsgsolve(), linsolve(), inver se().

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.
Vv 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.

#i ncl ude <nuneric. h>
#define N 2
#define M 3

int main() {

conplex a[3] = {1, 2, conpl ex(3. 435, 6.35765) };

doubl e complex c[2][3][5];

c[0][0][0] = conplex(53.327,92.5310);

c[o][0][1] = 20;

conplex al[NJ[M = {1, conpl ex(3.54,54.43), 3,

4,5, compl ex( 3. 455, 466) };

array doubl e conplex bl[3][4] = {1, 2, 3, conpl ex(4, 64.54),
conpl ex(5, 6.45),6,7,8,
1, compl ex(4. 35,54.43), 3, 4};

array doubl e conpl ex nmeanal[ N], neanbl[3];

doubl e conpl ex neanval ;

meanval = cnean(a);
printf("nmean(a) = %\n", neanval);
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meanval = cnean(c);
printf("nmean(c) = %\n", neanval);

/* Note: second argunent of crean() nust be doubl e conplex data type */
meanval = cnean(al, neanal);

printf("meanval = nean(al, neanal) = %\n", meanval);
printf("mean(al, nmeanal) = %\n", neanal);

meanval = cnean(bl, meanbl);
printf("meanval = nean(bl, neanbl) = %\n", neanval);
printf("mean(bl, nmeanbl) = 99.2f\n", nmeanbl);

}

Output

mean(a) = conpl ex(2.145000, 2. 119217)

mean(c) = conpl ex(2.444233, 3. 084367)

meanval = nean(al, nmeanal) = conpl ex(3. 332500, 86. 738333)

mean(al, meanal) = conpl ex(2.513333, 18. 143333) conpl ex(4. 151667, 155. 333333)

meanval = nean(bl, meanbl) = conpl ex(4.029167, 10. 451667)
mean(bl, meanbl) = conpl ex(2.50, 16.14) conpl ex(6.50, 1. 61) conpl ex(3.09, 13. 61)

See Also
mean().
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combination

Synopsis
#include <numeric.h>
unsigned long long combination(unsigned int n, unsigned int Kk);

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!

P = ——
P (n = k)IE!

Example

#i ncl ude <numeric. h>

int main() {
unsi gned long long f;

f = conbination(3, 2);
printf("conbination(3, 2) = %lu\n", conbination(3, 2));
}

Output
conbi nation(3, 2) =3

See Also
factorial().

References
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companionmatrix

Synopsis
#include <numeric.h>
array double companionmatrix(array double v{&][:1[:];

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

#i ncl ude <nuneric. 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 = conpani onmatri x(v);
printf("conmpani onmatrix(a) =\n%\n", a);

Output
conpani onnatrix(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 nl, int n2, double phi_or_r1, double phi_or_r2, double complex z3,
double &xx1, 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 O, 1, or 2.

Parameters

N1l 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,
or 4.

phi_or_r1l 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.

xx1 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

R1€'' + Roe'? = x5 + iy3 (11.1)

Because it is a complex equation that can be partitioned into real and imaginary parts, two unknowns out of
four parameters R, ¢1, Ro, and ¢o 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 (L1.1)) into real and imaginary parts
Ry cos ¢1 + Ro cos ¢po = x3 (11.2)
R sin ¢ + Rosin ¢g = y3 (11.3)
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complexsolve

Case 1: n; = 1,ny = 2, Solve for Ry and ¢1, given Ra, ¢2, R3, ¢3 or Ra, ¢2, x3, y3. Where, ny and no
are the first and second positions of two unknowns on the left hand side of equation (I1.TJ), respectively.

From equations (I1.2)) and equations (I1.3), we get
Ricos¢pr =x3 — Rocosgo = a

R1 Sin¢1 = Y3 — RQSiH¢2 =b

R1 and ¢ can be calculated as

Ry = Va%+1b?

¢1 = atan2(b,a)
Case 2: n; = 1,n9 = 3, Given ¢ and ¢, R and R» are solved.
Multiplying equation (IT.I) by e~**2 and e~/ gives
Rlei(¢1—¢2) 1+ Ry = Rgei(¢3—¢2)
Ry + RQei(¢>zf¢>1) — Rgei(¢3f¢>1)
Imaginary parts of equations (I1.8) and equation (I1.9) are
Ry sin(¢1 — ¢2) = Rzsin(¢s — ¢2)

R2 sin(qbg - qf)l) = Rg sin(gi)g - qbl)
From equation (IT.10) and equation (ILII) we get

_ o, sin(¢s — ¢2)
g ey e
_, sin(¢3 — ¢1)
B =B 6 — )

Case 3: n1 = 1,no = 4, Given ¢ and Ry, Ry and ¢- are solved.

From equation (11.2)) we have
r3 — R2 COS qbg

cos ¢

substitute equation (I1.14) into equation (I1.3)) we get

Ry =

(x3 — Rgcos ¢2) sin ¢1 + Ry sin ¢g cos ¢1 = y3 €os ¢

equation (I1.13) can be simplified as

_ Yscospp —xzsing;

sin(gz — 1) i =

then
¢y = b1 +sin" (a)py = ¢1 + 7 — sin"(a)
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If cos ¢ is larger than machine epsilon,e, R can be obtained using equation (I1.14). Otherwise R; will be
obtained using equation (I1.3)
if (| cos ¢1)| > FLT_EPSILON
(x3 — Ro cos ¢2)

Ry = 11.18
1 oo &1 ( )
else R, si
R, = (?/3—' 2 8in ¢g) (11.19)
sin ¢
Case4: n; = 2,n9 = 4, given Ry and Ry, ¢1 and ¢5 in equation (I1.I]) can be solved.
From equation (ILI)), we get
— R — Ry si
cos ¢1 = 353—2008@7 sin ¢y = ys — Rosingy (11.20)
Ry Ry

Substituting these results into the identity equation sin® ¢; + cos? ¢; = 1 and simplifying the resultant

equation, we get
v3+ys+ B3 — RY

i = 11.21
Y3 sin ¢g + x3 cos P2 SRy ( )
from equation (I1.2I)), we can derive the formulas for ¢; and ¢5 as follows:
Y
X3+ Y37
Y3
¥
X3 X
Y3 xs3 . Y3
tan(y) = ==, cos(¢)) = ———,sin(¢)) = ———
s V3 + 3 VT3 + Y3
Equation (11.21)) becomes,
2 2 R2 o R2
Y3 T3 COS(¢2) — L3 + Y3 + 2 1 (1122)

————sin(¢y) + ————
Va3 +y3 V23 + U3 2Ro\ /2% + 3

a = sin(¢) sin(¢2) + cos(1)) cos(¢2)

Let,

2, .9 2 p2
P Tl Bl Bkl (11.23)

2R2\/CE§ +y§
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Becomes,

cos(s — ) = a

$2 = 1p=£cos  (a)

2., .2 2 2
R5— R
= atan2(ys, x3) * acos (x3 st 1)

2R2\/CE§ +y§

¢1 can be obtained using equation (I1.20)

¢1 = atan2(sin ¢1, cos ¢1)

or use identity equation,

an 2 _ 1 — cos(¢) or tam [ sm( )
tan( 2 ) sin(¢) tan( 2 )= 1+ cos(¢)

— tan-l 1 — cos(¢) or & — D tan— sin(¢)
¢ =2t ( sin(¢) Jorg =2t (1 + cos(9)

Case5: n; = 2,n9 = 3, given Ry and ¢2, ¢1 and Ry are solved. This case is similar to Case 3.
Case 6: n; = 3,n9 = 4, given R; and ¢1, Ro and ¢5 are solved. This case is similar to case 1.

Example 1
A complex equation A ‘
R1€' 4 Rye®? =1 + 42

is solved for the 6 cases described above.

#i ncl ude <nuneric. h>
#i ncl ude <conpl ex. h>

int main() {
doubl e x1, x2, x3, x4;
int nl, n2, num
doubl e phi _or_r1, phi_or_r2;
conpl ex z3, error;

phi _or_r1 = 3;
phi _or_r2 = 4;
z3 = conpl ex(1, 2);

/************* test nl = 1’ n2 = 2 ***********/
nl 1,
n2 2;
num = conpl exsol ve(nl, n2, phi_or_r1, phi_or_r2, z3, x1, x2, x3, x4);
error = polar(x1l, x2) + polar(phi_or_r1, phi_or_r2) - z3;

printf("For nl=1, n2=2, num = %\n", nun);

printf("For nl=1, n2=2, the output x is % % % % \n", x1, x2, x3, x4);
printf("the residual error is % \n", error);
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/************* test nl

nl
n2

1,
3.

num = conpl exsol ve(nl,
printf("For nl=1, n2=3,
printf("For nl=1, n2=3,

/************* test nl

nl
n2

1,
4;

num = conpl exsol ve(nl,
printf("For nl=1, n2=4,
printf("For nl=1, n2=4,

/************* test nl

nl
n2

2,
3

num = conpl exsol ve(nl,
printf("For nl1=2, n2=3,
printf("For nl=2, n2=3,

/************* test nl

nl
n2

2,
4;

num = conpl exsol ve(nl,
printf("For nl=2, n2=4,
printf("For nl=2, n2=4,

/************* test nl

nl
n2

3,
4;

num = conpl exsol ve(nl,
printf("For nl=3, n2=4,
printf("For nl=3, n2=4,

}

Output

For nl=1, n2=2, num=1
For nl=1, n2=2, the output
the residual error is conpl
For nl=1, n2=3, num=1
For nl1=1, n2=3, the output
For nl=1, n2=4, num= 2
For nl1=1, n2=4, the output
For nl=2, n2=3, num= 2
For n1=2, n2=3, the output
For nl=2, n2=4, num= 2
For nl1=2, n2=4, the output
For nl1=3, n2=4, num= 1
For n1=3, n2=4, the output
Example 2

For a complex equation

= 1 n2 = 3 ***********/

n2, phi_or_r1, phi_or_r2,
num = %\ n", nun);
the output x is % % %

= 1 n2 = 4 ***********/

n2, phi_or_r1, phi_or_r2,
num = %\ n", nun);
the output x is % % %

= 2 n2 = 3 ***********/

n2, phi_or_r1, phi_or_r2,
num = %\ n", num;
the output x is % % %

= 2’ N2 = 4 *****kxxxxx|
n2, phi_or_r1, phi_or_r2,
num = %\ n", nun);

the output x is % % %
= 3, n2 = 4 ***********/
n2, phi_or_r1, phi_or_r2,

num = %\ n", nun);
the output x is % % %

z3,

%

z3,

9%

z3,

%

z3,

%

z3,

9%

x1l, X2,

\n", x1,

X1, X2,

\n", x1,

x1l, X2,

\n", x1,

x1l, X2,

\n", x1,

x1l, X2,

\n", x1,

X is 5.196488 0.964540 NaN NaN

ex( 0. 000000, 0. 000000)

x is 0.654193 -2.520711 NaN NaN

X3,

X2,

X3,

X2,

X3,

X2,

x3,

X2,

X3,

X2,

X is -4.099052 2.441074 2.683547 0.417334

X is -2.467726 -5.116311 1.042948 0.781813

X is -0.613277 1.942631 2.827574 0. 271667

X is 5.196488 0.964540 NaN NaN

R1€'" + Roe'®? =1 + 42

(1) Given R; = 3 and ¢ = 4 radian, find Rs and ¢o
(2) Given Ry = 3 and Ry = 4, find ¢ and ¢-
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#i ncl ude <nuneric. h>
#i ncl ude <conpl ex. h>

int min () {
doubl e x1, x2, x3, x4;
int nl, n2, num
doubl e phi _or_r1, phi_or_r2;
conpl ex z3, error;

/* problem (1) nl =3, n2 =4 */

phi _or_r1 = 3;

phi _or_r2 = 4;

z3 conpl ex(1, 2);

nl 3,

n2 4;

num = conpl exsol ve(nl, n2, phi_or_r1, phi_or_r2, z3, x1, x2, x3, x4);
printf("For n1=3, n2=4, the number of solutionis = %\n", num;

printf("R2 = % phi2 = %\n", x1, x2);
printf("R2 = % phi2 = %\n", x3, x4);
/* problem (2), nl =2, n2 =4 */

nl = 2,

n2 = 4;

num = conpl exsol ve(nl, n2, phi_or_r1, phi_or_r2, z3, x1, x2, x3, x4);
printf("For nl1=2, n2=4, the nunber of solution is = %\n", nun);
printf("phil = % phi2 %\n", x1, x2);

printf("phil = 9% phi2 %\n", x3, x4);

}

Output

For nl1=3, n2=4, the nunber of solutionis =1
R2 = 5.196488 phi 2 = 0.964540

R2 = NaN phi 2 = NaN

For nl1=2, n2=4, the nunber of solutionis = 2

phil = -0.613277 phi2 = 1.942631
phil = 2.827574 phi2 = 0.271667

See Also
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 &r1, double &r?2);

Purpose
Solve for r; and r7 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 rq 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 r; and 75 in a complex equation in the polar format. The equation is in the

form of A ‘
Rlewﬁl + R2€Z¢2 = a3+ 1y3

(11.30)

Because it is a complex equation that can be partitioned into real and imaginary parts, two unknowns R;

and ¢5 can be solved in this equation.
Algorithm

Multiplying equation (IT.30) by e ~**? and e~**! gives
Rlei(¢r¢2) + Ry = Rgei(¢3*¢2)
Ry + Ryel(92=91) = Roei(¢s—d1)
Imaginary parts of equations (I1.31]) and equation (IT.32)) are
Ry sin(¢1 — ¢2) = Rssin(¢s — ¢2)

Ry sin(¢2 — ¢1) = R3sin(ds — ¢1)
From equation (11.33)) and equation (11.34)) we get

o, sin(¢s — ¢2)
Rl o R3 Sin(¢1 — ¢2)
_ o, sin(¢3 — ¢1)
fio =1t sin(¢2 — ¢1)

Note
The function call
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conpl exsol vePP(phi 1, phi2, z3, rl, r2);
is equivalent to
conpl exsol ve(1, 3, phil, phi2, z3, r1, r2, 0, 0);

Example

For a complex equation A ‘
Rlewﬁl + R2€Z¢2 =1+412

Given ¢ = 3 radian and ¢ = 4 radian, find R and ¢o.

/* solve for rl and r2 in
polar(rl, phil) + polar(r2, phi2) = z3
with phil =3, phi2 = 4, z3 = 1+ 2.
The output of this programis as foll ows:
rl = 0.6542 (M, r2 = -2.5207 (M
*/
#i ncl ude <stdi o. h>
#i ncl ude <nuneric. h>

int min () {
doubl e phi 1, phi2;
doubl e conpl ex z3;
double r1, r2;

phil = 3;

phi 2 4;

z3 = conplex(1, 2);

conpl exsol vePP(phi 1, phi2, z3, rl1, r2);

printf("rl = %.4f (mM, r2 = %.4f (m\n", rl, r2);
return O;

}

See Also
complexsolve(), complexsolvePR(), complexsolveRP(), complexsolveRR(), complexsolveRRz(), polar ().

References
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complexsolvePR

Synopsis
#include <numeric.h>
int complexsolvePR(double phil, doubler2, double complex z3,
double &r1, double &phi2, double &r1 2, double &phi2_2);

Purpose
Solve for r; and ¢3 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 rq for the first solution on the left hand site.

phi2 ¢, for the first solution on the left hand site.

r1_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 ¢5 in a complex equation in the polar format. The equation is in the

form of A ‘
R1€Z¢1 + RQGZ(Z)Q = T3+ 1Yy3

(11.37)

Because it is a complex equation that can be partitioned into real and imaginary parts, two unknowns R;

and ¢5 can be solved in this equation.

Algorithm

Two unknowns can be solved by decomposing equation (IT.37)) into real and imaginary parts

Ry cos ¢1 + Ro cos ¢po = x3

Ry sin ¢ + Rosings = y3
From equation (I1.38]) we have
x3 — Ro cos ¢o
cos ¢
substitute equation (IL.40) into equation (I1.39)), we get

Ry =

(x3 — Rgcos ¢2) sin ¢1 + R sin ¢g cos ¢ = y3 €os ¢y
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equation (L1.41)) can be simplified as

Y3 €oS @1 — T3sin @y

sin(¢gg — ¢1) = 7 =a (11.42)

then
$2 = ¢1 +sin"'(a) (11.43)
¢y = ¢ + 7 —sin"(a) (11.44)

If cos ¢y is larger than machine epsilon,e, R, can be obtained using equation (I1.40). Otherwise R; will be
obtained using equation

if (| cos ¢1)| > FLT_EPSILON
x3 — Ro cos ¢o

Ry = (11.45)
cos ¢
else R, si
Ry = Y= fasings (11.46)
sin ¢
Note

The function call
conpl exsol vePR(phil, r2, z3, rl, phi2, rl 2, phi2_2);
is equivalent to
conpl exsol ve(1, 4, phil, r2, z3, rl, phi2, r1 2, phi2 2);

Example
For a complex equation A ‘

R1€"' + Rypel?®? = 1 + 2
Given ¢ = 3 radian and 7o = 4 meters, find R; and ¢o.

/* solve for rl1 and phi2 in

polar(rl1, phil) + polar(r2, phi?2) z3

or

polar(r2, phi2) + polar(rl, phil) z3
with phil =3, r2 =4, z3 = 1+4i 2.
The output of this programis as follows:

ri -4.0991 (m, phi2 2. 4411 (radian)

rl 2.6835 (m, phi2 0.4173 (radi an)

*/
#i ncl ude <stdio. h>
#i ncl ude <nuneric. h>

int main () {
doubl e phil, r2;
doubl e conpl ex z3;
double r1, phi2, r1_2 , phi2_2;

phil = 3;

r2 = 4;

z3 = complex(1, 2);

conpl exsol vePR(phi 1, r2, z3, r1, phi2, r1_2, phi2_2);

printf("rl = %.4f (m, phi2 = %.4f (radian)\n", r1, phi2);
printf("rl = %.4f (m, phi2 = %.4f (radian)\n", r1_2, phi2_2);
return O;
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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  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.

I r for the first solution on the left hand site.

theta 6 for the first solution on the left hand site.

r_2 r for the second solution on the left hand site.
theta 2 6 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 r and
6 can be solved in this equation.

Algorithm

Two unknowns can be solved by decomposing equation (I1.47)) into real and imaginary parts
acosh —rsinf =z (11.48)
asinf +rcosf =y (11.49)

From equations (11.48)) and (11.49)), we have
(acos® —rsinf)? + (asinf + rcos0)? = 2 + o> (11.50)

which can be simplified to
a? + 12 = 2% 442 (11.51)

From equation (I1.30), we can find two solutions for 7 as follows:

S i\/m (11.52)
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From equations (11.48)) and (11.49)), we can derive the formulas for sin § and cos 6 as follows:

. ay —rx

sinf = —/——~ 11.53
7“2—|-a2 ( )
Ty +azx

cos) = —S—— 11.54
21 a2 ( )

For each r, we can use the function atan2() to find 6.

Example

For a complex equation ‘
(a—+ir)e? =1+1i2

Given a = 3 meters and o = 4 meters, find r and 6.

/* solve for r and theta in
(a+i r)e" (i theta) = z
with a =3 and z = 5+i 3.
The output of this programis as follows:
r = 5.0000 (m, theta = -0.4900 (radian)
r =-5.0000 (M, theta = 1.5708 (radian)
*/
#i ncl ude <stdio. h>
#i ncl ude <nuneric. h>

int min () {
doubl e a;
doubl e conpl ex z;
double r, theta, r_2, theta 2;

a=3;

z conpl ex(5, 3);

conpl exsol veRP(a, z, r, theta, r_2, theta_2);

printf("r = %.4f (m, theta = %.4f (radian)\n", r, theta);
printf("r = %.4f (m), theta = %.4f (radian)\n", r_2, theta_2);
return O;

}

See Also
complexsolve(), complexsolvePP(), complexsolvePR(), complexsolveRR(), complexsolveRRz(), polar ().

References
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complexsolveRR

Synopsis
#include <numeric.h>
int complexsolveRR(doubler1, doubler2, 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 ¢ for the second solution on the left hand side.

Description
This function is used to solve for ¢; and ¢ in a complex equation in polar format. The equation is in the
form of

R1€'' + Roe'? = x5 + iy3 (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 (I1.33)) into real and imaginary parts
R1 COS gf)l + RQ COS qbg = I3 (11.56)
R1 sin gf)l + R2 sin qbg = Y3 (11.57)

From equation (LL.53)), we get

x3 — Ro cos ¢
Ry ’

_ Yys — RQ sin ¢2

sin ¢y n (11.58)

cos ¢ =
Substituting these results into the identity equation sin? ¢; + cos? ¢; = 1 and simplifying the resultant
equation, we get
v3+y3 + RS - R
2Ry

Y3 Sin ¢ + X3 COS Po = (11.59)
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from equation (1L.59), we can derive the formulas for ¢ as follows:

Y
X3 Y3)
Y3
¥
X3 X
Y3 T3 . Y3
tan(y) = ==, cos(¢)) = ———,sin(¢)) =

Equation (11.59) becomes,

Y3 _ 23 +yi+ R Ri

: x3
—————5in(¢y) + ———= cos(¢2)
x5 +y3 V23 + U3 2Ry\/23 4 3

Let
_ w3+ Y3+ R3 - Ry
2R2\ / CC% + y§
we get

sin(v)) sin(¢z) + cos(1) cos(¢2) = a

which can be simplified as

cos(s — ) = a

¢y = 1 £cos (a)

2 2 R2 _ RQ
= atan2(ys,x3) £ acos (xg R Rl 1)

2Ro\/x} + v}

¢1 can be obtained using equation (I1.38])

¢1 = atan2(sin ¢, cos ¢1)

or use identity equation,

6 _1-cos(d) 6 sin(9)
tan(§) ~ sin(g) o tan(§) 1+ cos(¢)

7 1,1 —cos(¢q) - _ sin(¢1)
¢ = 2tan”H(—pm ) ordn = 2tan T ey

Note
The function call
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conpl exsol veRR(r1, r2, z3, phil, phi2, phil 2, phi2 2);
is equivalent to
conpl exsolve(2, 4, rl, r2, z3, phil, phi2, phil_ 2, phi2_2);

Example

For a complex equation A ‘
Rlewﬁl + R2€Z¢2 =1+412

Given Ry = 3 and Ry = 4, find ¢ and ¢»

/* solve for phil and phi2 in
polar(rl, phil) + polar(r2, phi2)

z3
or

polar(r2, phi2) + polar(rl, phil) z3
withrl =3, r2 =4, z3 = 1+i 2.
The output of this programis as foll ows:
phil = -0.6133 (radian), phi2 = 1.9426 (radi an)
phil = 2.8276 (radian), phi2 = 0.2717 (radi an)
*/
#i ncl ude <stdio. h>
#i ncl ude <nuneric. h>

int main () {
double r1, r2;
doubl e conpl ex z3;
doubl e phi 1, phi2, phil_2, phi2_2;

ri=3;
r2 = 4;
z3 = complex(1, 2);

conpl exsol veRR(r1, r2, z3, phil, phi2, phil_2, phi2_2);
printf("phil = %.4f (radian), phi2 %.4f (radian)\n", phil, phi2);
printf("phil = %.4f (radian), phi2 %/. 4f (radian)\n", phil_2, phi2_2);
return O;

}

See Also
complexsolve(), complexsolvePP(), complexsolvePR(), complexsolveRP(), complexsolveRRz(), polar ().

References
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complexsolveRRz

complexsolveRRz

Synopsis

#include <numeric.h>

int complexsolveRRz(double complex z1, double complex 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
Z1 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 ¢, for the first solution on the left hand side.
phil_2 ¢ for the second solution on the left hand side.
phi2_2 ¢ for the second solution on the left hand side.

Description

This function is used to solve for ¢; and ¢ in a complex equation in polar format. The equation is in the

form of
2169 + 20€'%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.

(11.70)

Algorithm
Two unknowns can be solved by using equation (IL.70) and its conjugate equation (I1.71)
29692 = 25 — 21"
§2€7i¢2 =Z3 — 71671@51

Multiplying equations (IL70) and (IL7I)), we get
29Z9 = 2323 — 2121 — 23216_i¢1 — Egzlei‘m
Multiplying equation (IL.72) by €**', we get

7321(€i¢1)2 + (ZQEQ — 2323 — Z171)€i¢1 + 2321 =0
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We can write equation (LL.73) as
ap® +bp+c=0

(11.74)

with a = Z321, b = 29Z9 — 2323 — 2121, ¢ = 2321, and p = 1. We can solve for two solutions of P using

the complex quadratic equation (IL.74)). With

cos ¢1 = real(p), sin ¢; = imag(p),

we can find ¢1 = atan2(py, ps).
For each ¢1, we can solve for ¢ by equation (I1.76])

€2 = g = (23 — 21€'") /29
we can find ¢ = atan2(qy, ¢z).

Example

For a complex equation

21601+ 256172 = 24

Given z1 = 3, z0 = 4, and z3 = 1 + 12, find ¢; and ¢»

/* solve for phil and phi2 in
z1 e" (i phil) + z2 e"(i phi2) = z3
with z1 =3, z2 = 4, z3 = 1+i 2
The output of this programis as foll ows:
phil = 2.8276 (radian), phi2 = 0.2717 (radi an)
phil = -0.6133 (radian), phi2 = 1.9426 (radi an)
*/
#i ncl ude <stdio. h>
#i ncl ude <nuneric. h>

int min () {
doubl e conpl ex z1, z2, z3;
doubl e phi 1, phi2, phil_2, phi2_2;

z1 = conplex(3, 0);
z2 = conpl ex(4, 0);
z3 = complex(1, 2);

conpl exsol veRRz(z1, z2, z3, phil, phi2, phil_2, phi2_2);
printf("phil = %.4f (radian), phi2 %.4f (radian)\n", phil, phi2);
printf("phil = %.4f (radian), phi2 %. 4f (radian)\n", phil_2, phi2_2);
return O;

}
See Also

(11.75)

(11.76)

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

#i ncl ude <nunmeric. h>
int main() {
array double a[2][2] = {2, 4,
3, 7};
/* a2 is an ill-conditioned matrix */
array double a2[2][2] = {2, 4,
2.001, 4.0001};
array float b[2][2] = {2, 4,
3, 7}

array double conmplex z[2][2] = {2, conpl
3, 7}

/* z2 is an ill-conditioned matrix */

array double conmplex z2[2][2] = {2,
2.001,

array conplex z3[2][2] = {2, conplex(4,

3, 7}
doubl e cond;

cond = condnun(a);
printf("condnun(a) = %g\n", cond);

ex(4, 3),

conpl ex(4, 3),
conpl ex(4.0001, 3)};
3),
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cond = condnum(a2);
printf("condnun(a2) = %\n", cond);

cond = condnun(b);
printf("condnun(b)

%g\n", cond);

cond = condnun(z);

printf("condnun(z) = %g\n", cond);

cond = condnum(z2);

printf("condnumz2) = %\ n", cond);

cond = condnum(z3);

printf("condnum z3) = %\ n", cond);
}

Output

condnun{a) = 38.9743
condnun{a2) = 10527.6

condnunm(b) = 38.9743
condnun(z) = 9.32929
condnun(z2) = 11980.8
condnun(z3) = 9.32929
See Also

svd(), norm(), rank(), rcondnum().

References
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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
C A one-dimensional array of size n + m — 1. It contains the result of convolution of X and V.

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 Yy can be of any supported arithmetic data type and sizes n and m, respectively. Con-
version 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 C of size n +m — 1. If either one of X and y is complex type, the result C is complex

type.
If X and Yy 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 = * y = y % x. According to the theorem of convolution, if X (f) and Y (f) are
Fourier transforms of z(t) and y(t), that is,

x(t) <= X(f) and  y(t) <= Y(f)
then
rxy <= X(f)Y(f)

According to the theorem of discrete convolution,
if X4(f) and Yy(f) are discrete Fourier transforms of sequences x[n71"] and y[nT], that is,

z[nT] <= X4(f) and  y[nT] < Yu(f)
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then
z[nT] * y[nT] <= Xa(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 z[nT] 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 ¢[nT] has length of N + N — 1. Therefore, the signal produced by xz[nT] * y[nT] has
length that is longer than the DFT length. The length difference produces time aliasing when the inverse
DFT of X4(f)Ya(f) is used to obtain x[nT| x 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 con-
volution 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 x[nT| and y[nT] are IV, and NN, respectively, then z[nT"] and y[nT'] can
be padded with IV, — 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 Y,(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. Multi-
plying 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 x(nT') * 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.

) = P4+2xt* +3x 2 +4x1> + 5%t +6;
y(t) = 6xt+7T;

Convolution of z(t) * y(t) or multiplication of polynomials x(¢) and y(t) is equal to
c(t) =az(t) xy(t) =6 %10 + 19 %> + 325 t1 + 45 % 3 + 58 % t2 + T1 x t 4 42

#i ncl ude <stdio. h>
#i ncl ude <nuneric. h>

#define N 6 /* data x array size */
#define M2 /* data y array size */
#define N2 (N+M 1)

int main() {
int i;
array double c[N2],x[N ={1,2,3,4,5,6},y[M={6, 7};

conv(c,x,y); /* float data convol ution */
printf("Polynom al multiplication\n");
printf("x=%.3f\n",x);
printf("y=%.3f\n",y);
printf("c=%.3f\n",c);
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Output

Pol ynomi al multiplication

x= 1.000 2.000 3.000 4.000 5.000 6.000

y= 6.000 7.000

c= 6.000 19.000 32. 000 45.000 58.000 71.000 42.000

Example 2

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

m = [ 2 25n<4
yim = 0 elsewhere

The convolution sum or output sequence becomes

eln] = afn] * yln] =

> almlyn—m]
_ ] YCmeealmlyln —m] 2<n <7
o 0 elsewhere

The six values of ¢[n] for i = 2 to 7 can be calculated as follows

2
3

Cc

)

o
Ny

)
ot

S O e N

)

[
[
[
[
[
[

c|7
#i ncl ude <stdio. h>

#i ncl ude <chpl ot. h>

#i ncl ude <nuneric. h>

#define N 4
#define M5
#define N2 (N+M 1)

int main() {

int i,nl[N,n2[M,n3[N2];

[2h[0] + z[3]h[~1] + z[4]h[~2] = —1
[2]h[1] + z[3]h[0] + [4]h[~1] = —3.5
[2]h[2] + z[3]h[1] + z[4]h[0] = —8
[2h[3] + z[3]h[2] + z[4]h[1] = —10.5
w[2]h[4] + z[3]h[3] + w[4]h[2] = —9
w[2)h[5] + z[3)h[4] + z[4]h[3] = —4

/* data x array size */
/* data y array size */

array double c[N2],x[N ={1,2,3,2},y[M={0,0,-1,-1.5,-2};

class CPl ot plot;

| abel y="y";
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| i nspace(nl,0,N1);

| i nspace(n2,0, M1);

| i nspace(n3, 0, N2-1);
conv(c, X,Y);
printf("x=%.3f\n", x);
printf("y=%.3f\n",y);
printf("c=%.3f\n",c);

pl ot . dat a2D( nl, x) ;
pl ot . pl ot Type( PLOT_PLOTTYPE_| MPULSES, 0);
pl ot . axi sRange(PLOT_AXI S_X, 0,7,1);
pl ot . axi sRange( PLOT_AXI S_Y, -12,4,1);
pl ot .| abel (PLOT_AXI S_X, "n");
pl ot. | abel (PLOT_AXI S_Y, "x[n]");
plot.title("Input sequence");
plot.plotting();
pl ot . del etePl ot s();
pl ot . data2D( n2,vy);
pl ot . pl ot Type( PLOT_PLOTTYPE_| MPULSES, 0);
pl ot . axi sRange(PLOT_AXI S_X, 0,7,1);
pl ot . axi sRange( PLOT_AXIS_Y, -12,4,1);
pl ot .| abel (PLOT_AXI S_X, "n");
pl ot. | abel (PLOT_AXIS_Y,"y[n]");
plot.title("Unit Pul se Response sequence");
plot.plotting();
pl ot . del etePl ot s();
pl ot . dat a2D( n3, c);
pl ot. pl ot Type( PLOT_PLOTTYPE_|I MPULSES, 0);
pl ot . axi sRange(PLOT_AXI S_X, 0,7,1);
pl ot . axi sRange( PLOT_AXI S_Y, -12,4,1);
pl ot .| abel (PLOT_AXI S_X, "n");
pl ot. | abel (PLOT_AXIS_Y,"c[n]");
plot.title("CQutput 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 — 4 — : 4 —
3+ E 3+ E 3+ E
2+ E 2+ E 2+ E
1+ ‘ ‘ E 1+ E 1+ E
0 0 0
I I O f
2+ E 2+ E 2+ E
3+ E 3+ E 3+ E
5 E 5+ E 5 E
6 - E 6 E 6 - E
7+ E 7F E 7+ E
8 E 8 E 8 E
9 E 9+ E 9 E
10 |- E -10 E 10 |- E
1+ E 11 b E 1+ E
gl gL 2l

0123 4567 012 3 45867 0123 45867

See Also
fft(), ifft(), conv2(), deconv().

References
Nussbaumer, H. J, Fast Fourier Transform and Convolution Algorithms, New York: Springer-Verlay, 1982
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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 O on success and -1 on failure.

Parameters
C 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 f and 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 Cis (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(Q).

Description

The input two-dimensional array f and g can be of any supported arithmetic data type and sizes, respec-

tively. Conversion of the data to double complex is performed internally. If both of f and g are real data,

the result is a two-dimensional real array c. If either one of f and g is complex , the result array ¢ will be

complex data type.

If size of f and size of g are (ma) X (na) and (mb) x (nb), respectively, then

method = "full” (default) the size of cis (ma + mb— 1) x (na 4+ nb— 1);

method = “same” the size of Cis (ma) x (na);

method = "valid” the size of Cis (ma —mb+ 1) x (na —nb+ 1) where the size of f must be bigger than the
size of g. That is, size(f)> size(Q).

Algorithm

Two-dimensional convolution is analogous in form to one-dimensional convolution. Thus for two functions
f(x,y) and g(z,y), we define

S sy = [ [ flaBlgleo— oy~ Hdads
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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
fmT,nT)* g(mT,nT) = Z Z fmT,nT)g(ky —m,ka —n)
m=0 n=0
fork; =0,1,2,--- .M —1land ks = 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, ’I?,T) * g(mT, TLT) < Fd(fl, fQ)Gd(fl, fg)

where Fy(f1, f2) 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

c(mT,nT) = f(mT,nT) *x g(mT,nT) = Fd_l[Fd(fl, f2)Ga(f1, 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(F1, F»). The length, (na + nb — 1) x (ma + mb — 1), of the
sample sequence obtained from the inverse DFT F; '[Fy(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 f and 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) * g(mT,nT).

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
go=| -2 0 2
-1 0 1

detects the edges in x-direction. Similarly, convoluting a Sobel filter

-1 -2 -1
=] 0 0 0
1 2 1

which is the transpose of matrix g, edges in y-direction can be detected.
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#i ncl ude <mat h. h>
#i ncl ude <chpl ot. h>
#i ncl ude <nuneric. h>

int main() {
int i, j;
array double g[3][3]={{-1,0,1},{-2,0,2},{-1,0,1}};
array double x[16], y[16], zl[256], f[16][16], H 18][18], V[18][18],Z[18][18], Z1[256];

I i nspace(x, 0, 16);
I i nspace(y, 0, 16);
for(i=3; i<13; i++)
for(j=3; j<13; j++) {
z1[i*16+ ] =1;
fLijf] = 1
}
pl ot xyz(x,y, z1); /* original imge */
conv2(Hf,q);
conv2(V, f,transpose(Q));
Z=H.* H+V .* YV, /* magni tude of the pixel value */
for(i = 0; i<16; i++)
for(j=0; j<16; j++)
Z1[i*16+)] = Z[i+1][] +1];

pl ot xyz(x,y, Z1); /* edge finded i mage */
}
Output
Original image Edge finded
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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corr coef

Synopsis
#include <numeric.h>
int corrcoef(array double &c, array double &, ... /* [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 = z . The size of [X] is (n + n1) x m. Conversion of the data to double is performed internally.

The result c 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

Cij
Cij — —F/———
J Cii*cjj

where C' is a covariance matrix. It is calculated by

C:

where element u is defined as

Ujj = Tjj — Hi; i=0,1,---,N;5=0,1,---, M
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and
1M
j=1
where x;; is the element of the input matrix.

Example
Consider an array x[4][5].

N O ==
W O NN
- O W W
T O =
S = ot Ut

where each row of the x is a variable and column is an observation. The result array c is the correlation
coefficient matrix.

#i ncl ude <stdi o. h>
#i ncl ude <nuneric. h>

#define N 4 /* data array size */
#define N1 5
#define N2 4

int nain(){
int i,j;
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

1 )
1

, )

corrcoef(c, x);

printf("x=%.3f\n", x);

printf("correlation coefficient matrix\n");
printf("9%.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

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 O0.707
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.

Yy 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
i1 Z?:1(95$ij * YYij)
2 2
\/(2?21 2?21 33352‘]‘) * (Doiy 2?21 yyij)

CcC =

where

Tgj = Tij — Ha

YYis = Yij — Hy

ftz and fi,, are the mean values of the matrix X and Y.

1 n n

Mz = n*n;;%
1 n n

Hy = —n*n;;yzg

Example
Calculate two square matrix correlation coefficient.

#i ncl ude <stdio. h>
#i ncl ude <nuneric. h>

#define NC 6
#define ND 3
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#define N 20

int main() {

}

int i,j,k;

array double x[3][3]={1,2,3,
3,4,5,
6,7,8};

array double y[3][3]={3, 2,2,
3,8,5,
6, 2, 5};

doubl e c;

c = correlation2(x,y);
printf("x=\n%", x);
printf("y=\n%",y);
printf("c=\n%\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