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INTRODUCTION

McPIlot is a general-purpose plotting utility which is designed for scientists and engineers
who wish to produce high-quality annotated plots from previously generated data stored
in files. It is written in a portable dialect of the C Programming Language specifically for
UNIX platforms. Plot descriptions are interpreted by A&CC generated parser which
provides for a free-format, natural input language. The program incorporates a fan data
compression algorithm to reduce plotting time of dense plot dEt@ user may also
invoke huilt-in cubic spline interpolation routines for data smoothing, as well as a full
function scientific calculator (RPN) for general transformations of input data.

In addition to cowmentional two-dimensional Cartesian plots, McPlot provides the
capability to display three-dimensional data in spherical perspegtiometry Input
options and the interpretation of data elements are automatically adjusted for each format.

McPlot may be run interaetly, with on-line help, from terminals which support
graphics output or as a background processiging previously created plot commands.
The program currently supports the Xintlow System, DEC VT102/VT220 and
Tektronix 4010/4014 compatible terminals (xterm) and PostScript laser printers.

McPlot accepts data files produced by Matlab GSA, as well as user generated ASCII,
Fortran and C Language (binary) files in a general matrix format. There arailtonb
limits on the size of allowed data files; memory for plot data storage is dynamically
allocated, as needed, up to the limits\@ilable machine memory.

McPlot also supplies a basic C Language utility plot ligrairpilar in function to the
standard CalComp librarywhich may be linkd with user generated subroutines for
specific applications requiring graphics outpdihe library provides graphics output
capability for all of the devices currently supported by McPManual pages for each
function in the library are also included for reference.

Other features include:

« Program defaults may be customized for each user by means of specified
environmenvariables.

« The user has the option to log input, including comments for documentation.

« System commands may beeeuted from within the program, prling the
capability to examine or edit data, start jobs, search for files, etc., witkitinge
McPlot.

« Device independent output, within the limits of screen size and resolution.

« User controlled page layout: portrait or landscape mode, optional date/time stamp,
number and size of plotsy@-all scale &ctor, character size and annotation format,
etc.



-2-

Multiple axes on one plot andyanumber of plots per page.

Linear and logarithmic grids and e with automatic scaling or user prescribed
axis scale and offset; polar plots.

User selected wepoint, as well as the size and grid style of the reference sphere
used for spherical perspaatigeometry plots.

User control wer the placement of cuevlegends, titles, annotation of maximum,
minimum and final values, etc.

Option to clip outliers as well as select segments of curves for plotting.

Option to place tick marks as a function of input data parameters; user
determination of interval spacing and annotation.

Option to drav error bars around specified points using input data values.
9 different types of dashed lines and 18 centered symbols to distinguish curves.

Five wser selectable fonts with scalable characters may be freely mixed for
annotation. Additionalmathematical symbols, Greek letters, superscripts and
subscripts are integrated with the full ASCII character set.

Arbitrary placement of character strings, centered symbols, data values, arcs, lines,
circles, boxes or arrows, etc., to supplement annotation.

How to Use This Guide
The McPlot UseB Guide is divided into seen main sections:

Installation: instructions for installing McPlot on the system.

Running the Program: explains the command line arguments which select the
output plot device and other options.

Input Plot Data For mats: describes the allowed formats and options for plot data
files.

Tutorial: gives an owerview of the input syntax for McPlot and general rules for the
formation of the input statements which describe a plot.

Examples: provides a number of examples describing various program options.

Customizing the Program: shows hav to set environment variables to specify
default values for input parameters.

Reference: provides a complete description of the possible McPlot actions.



-3-

New users should read the sections describing teorun the program and the plot data
formats, the tutorial andkamples. Afterganing some experience with the program, the
user may wish to customize the program to his own particular requiremeéhts.
reference section may be consulted as necessary to provide more detailed information on

specific McPlot options.



1. INSALLATION

McPlot is distriluted as a ZIP file containing the source code for Mghdosse a general
purpose C Language graphics support library which may be linked with user generated
routines for specific applications which require graphics output, asugeide and
manual pages for McPlot and its associated plot library and data and input files for
sample plots.

The total disk space required is approximately 5 Mbytes.

To install McPlot, create a directory (either in your home directory or /usr/local or
wherever you wish to install it), mee the ZIP file to that directory and type

unzip mcplot.zip

1.1 Contents

The McPlot directory should mocontain a cop of the GNU General Public License,
gpl.txtand the following subdirectories.

/bin This directory contains the McPlotxezutable, mcplot and an
executable shell scriptncprint which may be used to send plots to
a PostScript laser printer.

/Doc This directory contains the useruide as well as the trib$ource
required to create the PostScript file.

/iplot This directory contains the source code for the McPlot graphics
support librarya Makefilefor creating the library and the compiled
library, plotlib.a. This library which is functionally eqwialent to
the standard éttran CalComp librarymay be linked with an C
Language application in which graphics output is desired fgr an
of the devices supported by McPldnh particular it is required for
the creation of the McPlokecutable.

/mcplot This directory contains the source code for the McPlot progem
se and aMakefile for creating the source librarynclib.a and
McPlot executable.

/Examples This directory contains the data and McPlot input required to
produce the xample plots shown in the UserCuide. Thefile,
plot.laser contains the McPlot input required to generate the
completely annotatedxample plots, while the fileplot.screen
will reproduce the same plots without the additional annotation
describing the McPlot input.
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/Man This directory contains a sample manual page for McPldte
file, mcplot.l comprises the appropriate nfabr troff input to
produce the manual pagdn addition, the subdirectaryplot,
contains sample manual pages for each of the functions in the
McPlot graphics support library.

1.2 MakingMcPlot

If your machine is not a Linux evkstation, you will hee t© create an appropriate
executable. Eactsource directory contains Makefilewhich may be used to create the
appropriate library and/oxecutable. Thegraphics support library should be made as the
first step. After creating the librarylotlib.a, in the subdirectory/jplot, the McPlot
executable,mcplot may be generated byecuting the mak uility in the subdirectory
/mcplot The nev executable will be placed in the mcpliitin directory.

As a final step, it may be desirable to create a symbolic link to the Momitable in
lusr/local/bin (or /usr/bin or wherever) so that users do not V& © change their
ervironment RTH variable or set up an alias in thelogin or .cshrcfiles in order to
execute McPlot.

To aeate the symbolic link, change /usr/local/bin, for example, to the current directory
Then, mak the symbolic link,

In -sMcPlot_directory_nam@®@in/mcplot mcplot

where McPlot_directory_namas the name of the McPlot home directorith this,
McPlot may be imoked by any user whose RTH includes /usr/local/bin by simply typing
"mcplot".

1.3 Whdows Setup

McPlot does not maintain an internal image of the contents of a plot window; once a plot
element is drawn, the information required to create it is discardéds, unless the
underlying windev system provides a backup, the contents of the plot winehay be

lost if the plot windav is concealed and subsequently restored to thegfoumd. Itmay

be noted, havever, that all of the windw systems currently supported by McPlot/kahe
capability to provide backup storage. Whether it is actually implemented or not depends
on the particular system and device used to display the plots.

Backing store is enabled by default on current Sarkstations. Iffor some reason it is
not enabled, see your system administrator.

If Exceed is used to access a server from a PC, backing store may be enabled from the
performanceoptions of the configuration menu. Select "enable backing store" and "when
mapped" from the list of options.

On a Linux workstation under the Gnome Desktop, root access is required to enable
backing store. After logging in asot:
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startgdmsetup
under theSecuritytab there is a buttorConfigue X Srver)
in the windav that comes up, edZommando read "/usr/bin/Xay -audit O +bs -wm"

Alternatiely, edit /etc/gdm/custom.conf and adtds and-wmto the command line options.

(Note: +bsis an undocumented option for XFree86.

Current documentation implies that backing store enabled is the default and the-bgtion,
turns it off.

Hence, it may be that for older implementations of the X Win8gstem, simply removing
the-bsand adding thewmoption will enable backing store as documented.)

Finally, it should be noted that McPlot output is intended to be device independent so that
plots produced in X windes appear the same as plots sent to PostScript printers, for
example, within the limits of device resolution. Hence, the default size of an X plot
window is 8%2"x11", corresponding to standard U.S. letter size paper monitor
screens smaller than 19" (diagonal), the entire default wircdmnot be displayed and,

as a result, some part of the plots may be lost. In this case, it may be desirable to open a
smaller windov.

In order to accommodate the wide variety of X terminals, McPlot allows the user to
specify the default position and size of the wivdry assigning appropriate values to the
environmentvariables, JPXWXPIJPXWYPR, JPXWXD, JPXWYD, which determine, in
order, the initial , y) position of the upper-left corner and tie and Y-dimensions (in
pixelg of the windav. See the section, "Customizing the Program”, for a complete list
of environment variables recognized by Mcplot.

To uilize this feature, the user may edit hpofile, .login or .cshrcfile and add the
appropriatesetenvor setcommands. Iithe C Shell, for example, thesevhahe form,

seterr IPXWYD 690
while, in the Bourne or Bash shell the same result is obtained by

JPXWYD=690
export JIPXWYD

For a 17" monitor screen, 690 is the appropriate value for the windertical ()
dimension; smaller screens will require smaller values.

It is also possible to resize the plot wimdasing the mouseHowever, the procedure is
rather cumbersome and is not recommended. It is included here only for completeness.

Because each plot element is drawn only once, inteeagtsizing of the plot windwe is
not efective wntil a nev page is startedIf it is desired to resize the windobefore ayy
plots are drawn, the following input sequence may be used:
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> put; % Opens the plot windw and displays it on the screen.

Z % At this point, the plot winde may be resized.

i % Next, read data, choose layout and select curves as usual.
; plot page ... ; % Theplot flag, page forces a n& page.

>

If a smaller windav is necessaryit may also be desirable to change tiverall scale
factor used by McPlot. This is done using thgout parameterfactor (see Section 7.5).
A factor of 0.67 will allev a full page of data to be plotted in a windsized as indicated
above.

Finally, for corvenience, it may be desirable to select wiwdweferences which maka
window active when a mouse pointer mes over them, but do not raise the winglo This
allows reviav of a ®ries of plots without having to toggle between screens.

This completes the installation of McPlot.
1.4 Graphics Support Library

The C Language graphics support library included with the McPlot programdeso

most of the functionality of the basic CalComp plot library for all of the graphics
terminals and printers currently supported by McPlot. These routines may be used by
ary C Language application which requires graphics output.

Assuming that the userource routines hae been compiled and the resultant relocatable
object modules hee been placed in a librayyourlib.a, a typical link command wuld
have the form:

cc -0 prog yourlib.a /usr/local/mcplot/plotlib.a -IX11 -Im
on a Linux workstation, while on a Sun workstation the command would be:
cc -0 prog yourlib.a /usr/local/mcplot/plotlib.a -LSOPENWINHOME/lib -IX11 -Im

See the manual pages and McPlot source for more information about using the Graphics
Support Library.



2. RUNNING THE PROGRAM

User input to McPlot is read from the standard inmidin Input may be entered
interactvely from a terminal or the user may rediratdinso that the program reads from
a previously prepared file.In either case, the input is identical; there is ndediihce
between batch and interacinode.

Error messages, prompts anelp output are written tstderr. If an eror is encountered
during batch operation, the user is notifiedt the program will continuexecution until
the end of file is reached.

2.1 Irvocation
The program is woked with the following command line.

mcplot [-q] [ [logfile]] [-1 [ datafilg] [-m [modé] -w | -x | -p [printfile]]
The various options are explained in the following table.

-q Quiet option. This option turns fodll text output except for error
messages. Iparticulay the user is not prompted to continue with
the next plot. This option should be selected for batch jobs or to
quickly reviev a sries of plots.

- Log user input. The next argument, if present, is assumed to be the
name of the log file. If no name is present, the log filevsnga
name of the form McPIlot. XXXXXX, where XXXXXX is a unique
string which depends on the userjob number (see also
mktemp(3C)).

-i This option may be used to specify theaildf datafile parameter
used in theread command. Thenext argument, if present, is
assumed to be a data file name. If no file is specified, the
environment variable, JPFILE, is used.If the file name is
unspecified, the default, is "data" in the current directory.
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The following options determine the output mode and device type.

-m Output mode. The next@ument, if present, is assumed to be an
integer specifying the output moddhe effect, if ag, depends on
the selected dece. For PostScript printersmode= 0 ecifies
encapsulated PostScript output which may be directly imported
into FrameMakr or other document preparation utilitiegny
other value ofmode or if the output mode is not specified,
produces regular PostScript outpor other output deices,mode
currently has no effect.

-wW Output is directed to a windo which is opened under Sun
OpenWindavs or the X Wihdow System. Thedefault position and
size of the windew may be specified by assigning appropriate
values to the environment variables, JPXWXP JPXWYP,
JPXWXD, JPXWYD, which determine, in ordehe initial , V)
position of the upper-left corner and tKe and Y-dimensions (in
pixel§ of the windav. The windav may be meed, resized or
iconized using the mouse.

-X Output is directed tetdoutand comprises the appropriate graphics
commands (escape sequences) for X terminal emulation (Xterm)
under the X Winde System.

-p Output is appropriate for a PostScript laser print€he net
argument, if present, is assumed to be a file name for the print
output. Ifthe file name is-, output is directed tstdoutand may
be piped directly to Iprif no file name is specified, the default file
name used is "McPIot.PS" (or "McPlot.EPSmbde= 0). The
print file may be printed using the command, Ipr.

If no option is specified by the user on the command line, the environragable,
TERM, is read to determine the usettvice type. If the deice type is unspecified, the
-w option is assumed. Only one output device may be specified at a time.
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In most cases it is didient to simply type the program name to run McPlot intevelgti
However, if it is desired to create a McPlot input file interaety, for later batch
submission, the wrocation,

mcplot -llogfile

will save suibsequent user input in the filegfile, in the current directory.

User input to McPlot may also be redirected to read from aqugly prepared file and
the resultant plots reviewed interaety; e.g.,

mcplot <user_input_file

where user_input_filecontains the McPlot input statements required to produce the
desired plots.

Normally, the following prompt is written tstderrafter eactplot or putaction.
Press return to continye to quit.

This prompt and the ussrresponse, which is read frofdev/tty are entirely separate
from the input parser and allothe user to pause after each plot is generafdte
command line optiornsq, suppresses this prompt, as well as other program text output,
and should be used for all batch operation.

To dbtain plots on a PostScript laser printer using a previously prepared file of McPlot
input statements, the command line typically has the form,

mcplot -q -p- <user_input_filg Ipr

In this invocation, the PostScript output is piped directly to Ipr.
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If it is desired to rercise McPlot from a shell script; e.g., teo&d long command lines,

the folloving should be noted. In some cases, the Shell will block a command which
attempts to readtev/tty Thus, theexec command must be used to start McPlot from a
shell script in this case wheree the -g option is not inoked. A sample script to send
output to a PostScript laser printer is shown Wwelo

Sample McPlot Shell Script

#! /bin/sh
# mpr: Shell script to xecute McPlot and pipe PostScript output to Ipr.
#
if test $# -eq O
then
echo "No input file gien."
exit
fi
if test -f $1
then
exec meplot -q -p- < $1 | lpr
else
echo "file $1 does not exist."
fi

This script may be woked as bllows:
mpr user_input_file

where user_input_filecontains the McPlot input statements required to produce the
desired plots.

A more elaborate shell scriptacprint which utilizes additional McPlot command line
options and input capabilities is provided with this distribution.
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The mcprint shell script allows the user to determine the printer to which the postscript
output is sent.

In addition, the name of the file containing the data to be plotted may also be specified on
themcprintcommand line.This is useful if a number of similar plots are to be generated
from different data sets, for example.

Themcprintscript also allows plots to be printed full sizedereif the screen is too small
to display a complete pagdo use this feature, the plot description must include the
following comment after the normal plistyoutdescription:

%layout factor=1;

On option, themcprint script will remose the initial % (percent sign), signifying a
comment, so that the resultant plots are printed full stee the Tutorial and Reference
Sections for more information about comments anddahée andlayoutactions.

Finally, typing
mcprint -h
displays the following:

usage: mcprint[-h ] [-m ] [ -i data_file ] [ -{[P]printer} ] input_file

printers:

_|p
-P{other} (note: no space between P and printer name)

other options:
-m -> modify input_file:
if -i option, remwe lines containing "file";
otherwise, remee lines starting with "%read"
remove ‘%’ character in column 1 (only)

-i -> use input data file name: data_file
see McPlot Uses Guide for description
note: there must be a space between
-i and the name, data_file

As with ary X application, operation of McPlot under the XiMlov System also
provides additional pop-up menus which may beoked with the mouse. In this case,
the user may me a resize the plot windg, bring it to the foreground or put it in the
background or shrink it to an icolhe various options are selected in the same manner
as in other X applications.
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3. PLOI DATA FORMAT

The model for plot data in McPlot is a matrix in which eaclw oomprises one data
record and each column is referred to as a @otor There are no limits on the number
of plot vectors or records other than those imposed bywthlkalsle machine memory.

3.1 RectangulaCartesian Coordinates

In rectangular Cartesian coordinatesy @air of plot vectors may be used to describe a
plane cure. The coordinates of successi pints on the cumw ae gwven by the
corresponding components of the pl@ctors; one for the abscissa (x-coordinate), the
other for the ordinate (y-coordinate).

In a typical application, data output by a simulation comprises the state of the system at
successie imes. Thesalata are written to a file as a series of records; each record
containing the simulation time variable and selected elements of the etibe WAfter

the file is written, the elements of the state vector may be plotted as a function of time
using McPlot. In this case, the sequence of time valweddrxcomprise one plotector,

the abscissa values, and sucaesgalues of one of the elements of the state vectarlav
comprise the ordinate of the plotted curve.

3.2 SphericaPerspective Geometry

In spherical perspest geometry input plot data is interpreted in terms of the azimuth
(a2 and elevation (el) in decimal dgrees, and radial distanad) {n units of the reference
sphere radius, of a point in spackny sequence of such points may be used to define a
curve which is drawn in perspewt relatve  the reference sphere. The nominal range
of azimuth angles i < az< 360, while the range of el@tion angles is-90< el < 90.

The distanced, must be greater than 1 if the point is to be visible on the plot.

Examples of acceptable azimuth andvaien variables are right ascension and
declination (on the celestial sphere) or longitude and latitude (geodetic data).

An arbitrary vector may be defined in termsagfandel by
Xg [$0s@2) cosel)

r = [y[= rsin(@z) cosel)

ZO O sinE) O

wherer =/x2+ y2 + 22 is the magnitude af. Hence, in general,
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az= RTDx Tar,(y, X)
el = RTDx Tan}(zZvV/x2 + y?)

d =r/RADIUS

whereRTD =180 is the comersion from radians to degrees aRADIUSis the radius
of the reference spherd-or the particular case in whichis a unit vectord = 1), the
expression for the eletion angle simplifies to

el = RTDx Sin(2)

3.3 DataFile Formats

The particular format of a plot data filanes, in general, from one application to anather
The specific formats currently accepted by McPlot are:

« ASCII data. In this case, the data is produced in a form which is readable using a
normal tet editor and is directly printable on standard printers or terminals.
Distinct data values must be separated by white space (blank, talwlmeher a
comma (,) or a slash (/); other separators are nowvetlo If a comma or slash is
used, repeated separators may be employed to signify missingatiz¢éa which
are assigned the value zero. In keeping with the spirit of the UNIX operating
system, succesa pot records are not maekl in aly way; e.g., by a neline
(carriage return). Hence, the user must specify to McPlot the numbariables
in a record (= the number of ploeetors) and McPlot will read acrossygical
lines in a file to fill up a record.

« Fortran binary (unformatted write). In this format, each plot data record is
produced by xecuting a Fortran statement of the form

write(iunit) (plotrec(k), k=1,uar)

In this case, the user must specify to McPlot both the numbear@tbles in a
record (var) and the precision or length of a variable (single or double precision).
All of the variables in a record must be of the same length (all single or all double
precision). Itis assumed that all input variables are in floating point formgeante
variables are not allowed.

Unfortunately there is no uniform standard iroiEran for end-of-record delimiters

or record format; each Fortran compiler is free to define the end-of-record indicator
and record format arbitrarily For example, Fortran files written on a Sun
workstation by a program compiled using the Suortf@@n compiler are not
readable by a Fortran program compiled using GNU Fortran on the same machine.
In order to accommodate this situation, McPlot has the capability to read files
generated by seral common Brtran varieties: Sun Fortran, GNU Fortran and
Microsoft/Digital Fortran. Thespecific Fortran version may be specified by the
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user when the data is read iHowever, McPlot does not perform byte re-ordering,
so Fortran files written on different machines may still be unreadable.

+ C Programming Language binary write. In this format, a plot data record is
produced by xecuting a C Language statement of the form

fwrite(buf,sizeofyariable),nvar,fp);

In this case, the user must specify to McPlot both the numbear@bles in a
record (var) and the precision or length of a variable (single or double precision).
All of the variables in a record must be of the same length (all single or all double
precision). Itis assumed that all input variables are in floating point formgeante
variables are not allowed.

« Matlab (*.mat) file. In this case, the number ofvsoequals the number of records
and each column comprises one plot vect@ri@ble). Itis not necessary to
specify the number of variables in this case, since the Matlab header record
contains the necessary information about the size of the matrix; nor is it necessary
to specify the precision of the input data, since Matlab variablesvaagsatiouble
precision. Thanput matrix may be either real or complex; McPlot will indicate
which variables correspond to the real part and which variables correspond to the
imaginary part of the matrixBy default, McPlot reads the first item in a Matlab
file. However, the user may optionally specify the name of the Matlabatble
(matrix) to be read in and McPlot will search the file to find the appropriate name.

It should be noted, heever, that versions of Matlab later than Matlab 4 use a
proprietary encoding scheme which has not been published. As a result, McPlot is
unable to read arbitrary Matlab fileblevertheless, Matlab 4 files may be read and
written by all current versions of Matlab.

« ACSL (*.rrr) file. As with Matlab data, it is not necessary to specify the number of
variables in this case, since th&€ AL file includes a header record which contains
the necessary information about the record length; nor is it necessary to specify the
precision of the input data, since ACSL output files aveayd single precision.
McPlot will report the number of variables as well as the number of records
actually read in.

3.4 MemoryManagement

In order to provide for manipulation of the data to be plotted withdettaiig the uses
original data and to alo for rapid access to the data for scaling and plotting, it is
necessary to cgpthe data into memoryin order to insure that files of arbitrary size can
be accommodated, memory for data storage is dynamically allocated as requieed.
only limits are those ofvailable machine memory.

Memory for data storage is allocated in blocks; one for eadhhle. Eachlata block is

a dructure which contains a pointer to thexndata block, statistical information about

the data in the block, such as the first and last, maximum and minimum values, and the
number of data items, etc., as well an array containing the actual data iTéms.
statistics are compiled as the data is read in and simplify the process of scaling and
retrieval, since only the statistics of preceding blocks need be accessed in order to locate
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the block containing a particulaale. If enough data is read in to fill the first block,
more memory is allocated and the pointer is set to the start of thly a#ocated
memory The result is a linked list of data blocks in which at most one block need be
examined in detail to find aggn record. Thesize of each data block is large enough that
only one block is required for small plots 306 points). Becausall values are stored
internally as double precision real numbers, 4K bytes of memory are required per data
block for each plot variable.

In addition to the memory required to store data, some memory is allocated for
intermediate storage of plot vectors during plaecaition. In general, tw working
vectors are allocated after the data is read in and these are used to hold properly scaled
data values for plotting. Additional memory may required by tadc action to
implement the stack. This memory is allocated only if ¢ake action is entered and is
deallocated when the action is terminategimilarly, if data smoothing is selected,
additional working vectors may be allocated as needed. All of this is usually transparent
to the user Howevae, if, at ary time, there is institient machine memory to provide the
required storage, an error message is printedgtdarr and, depending on where the
allocation fails, the input data in memory may be Idsthould be noted, heever, that it

is unlikely that insufficient memory will be found on current systems.
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4. TUTORIAL

The purpose of this section is to provide amreiew of the user input to McPlotFor
most users, this section together with the examples should be enough to get started.
complete description of the possible McPlot actionsvengin the reference section.

McPlot is designed to facilitate interaaigecification of the features of an output plot.

A built-in help command and context sengtirompting provide additional assistance in
this regad. At the same time, the program may be used in batch mode by simply
redirecting a file containing prmusly created McPlot commands to the standard input.
The user input log of an interagti fssion, which is produced, on option, by the
program, is one source of such command filesary case the input syntax is identical in
either batch or interaete node.

User input to McPlot is controlled by a parser which accepts free format input and
performs specified actions when an instance of a grammatical rule is recognized.
Generally the action is to select a member of the current list of possible iapiaties

and assign a value to it. It is not necessary to understamthkegarser works in order to

use McPlot. However, it is necessary to @ sme idea of the grammatical structure in
order to tak full advantage of the input features.

The grammar of a language is simply a set of rules or definitions which describe the
syntactically correct structures of the languadecordingly, it is gppropriate to start a
description of the input syntax of McPlot with some definitions.

These include:

« Token: an element of the input which is recognized by the parser as a distinct
entity. One of the functions of thkelp command is to provide a list of currently
acceptable tans. Ingeneral, tokns are delimited by white space (blank, tab,
newline). White space is otherwise ignored; in particul@ewines (carriage
returns) are not seen by the parser anekh® dgnificance except to makthe
input more legible.

« Action keyword: a token which initiates an action.
4.1 Actions

In McPlot, the current actioregwords are:



Keyword

input

read

calc

map

layout

select

plot

put
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Description

This action allows plot description elements (user input) to be
inserted into the input stream from a specified file. When an
end-of-fileis reached, input is resumed from the previous input
stream. Input actions may be nested. The current maximum is
5 levds.

This action is used to read into memory the matrix of data to be
plotted.

This action is used to transform data before plotting. It epgplo
Reverse Polish Notation (RPN) which is similar to that of the
Hewlett-Packard line of scientific calculators.

The mapaction determines whether data is interpreted in terms
of rectangular Cartesian or spherical coordinates and adjusts
plot options and the output format accordingly.

The layout action is used to set the default composition of a
page. lItallows specification of the default size, number and
position of plots on a page and well as the default character size,
grid style, etc.

Selecactions specify the cueg (data elements) which will be
drawn on a particular plot.

The plot action controls the composition of the current plot on
the page and causes it to be drawn on the selected device.

The put action allows the placement of additional annotation on
the current plot.

The abwee list also indicates the normal sequence of actions which is used to generate a
plot, although it is not necessary teeise all actions forvery plot. There are nouilt-

in constraints, heever, 0 that actions in McPlot may be entered ity ander, and may

be repeated as matimes as desired.

Each action has a certain number of variables (or operators in the casealt thetion)
associated with it. The user may specify as ynafithese variables as necessary and in
ary order. Any variable not explicitly prescribed assumes itsadéf\value. Inthis way,
simple plots may be obtained with a minimum of input the user has the freedom to
specify as manaspects of the resultant plot as desired.
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The general form of an action is:
> action{ specification_list ;

whereaction is one of the actiondgwords listed abwe, the optionalspecification_list
prescribes the variables (or operators) associated with the action, and the semi-colon
terminates the action. Note that the semi-colon isayd required, een if the
specification list is empty.

There are, in general, bamypes of variables which may appear in a specification list.
These are:

- Paameter: a variable which may appear on the left-hand side of an assignment
statement.

A parameter specification mustvgate form,parameter = valugwherevaluemay be
nothing, an intger, a real numbera dring, or a comma separated list aflves. Thus,
valid parameter assignment statements might include:

factor =
The result of this is that the valuefattoris unchanged.
type =5
The integer parametgypeis set to 5.
start = 4.35
The real parametestartis set to 4.35.
legend = "1st curve"
The string parametdegend is set to "1st curve".
y=,,27,,2

The first, second and fourth elements of the integer ,ayragre unchanged, the third
element is set to 27 and the fifth element is set to 2.

» Flag: a token which assigns a predetermingldesto an internal variable when it
appears in the input streankor example, theread flag, ascii, causes an internal
flag variable to be set to 0, while the flggufor, causes the same internariable
to be set to 2.Generally flags occur in pairs; e.ggrid, nogrid, etc. In the help
screen, the default flag value is generally the first one shown.

Note that it is an eor to attempt to assign a value to agfieariable, while a paameter
variable must be followed by an equal sign.
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In thecalc action, tokens appearing in the specification list must be one of the following:

» Operator: token which wokes a unction to perform some transformation on the
input data.

« Constant: a literal number entered by the user or a predefined constant su@h as
3.1415...) dtr (corversion from degrees to radians) rd (corversion from radians
to degrees).

Certain parameters and flags associated with an action mawthéoutes

« Attributes: wariables associated with a particular parameter or flag and which
further define it. Attributes maghemselves, be either parameters or flags.

The syntax for attributes is as follows:

parameter( attribute_specification_list= value

flag ( attribute specification_list

Within an attribute specification list, the parameter and flag attributes may be prescribed
in ary order. Any atribute not eplicitly referenced assumes its defaudue. Notethat

the parentheses are necessary to mark the beginning and end of theeapdzification

list. If no attributes are specified, the parentheses may be omitted.

For example, thdayoutflag, time specifies that the date and time are drawn, baulef
on all plots. Its attribte,font, determines the font used for the date/time annotafidmns
parameter may be set to zero by the user input,

time( font=0)

Similarly, the plot parameteriitle, determines the title of the current plot. In the simplest
case, a plot title may be specified by input of the form,

title = "This is the title"

If it is desired to place the plot title at some position other than the default, thaetesrib
of title may be employed to specify the locatidfor example, the input,

title( x=1.0 y=5.0) = "This is the title"

places the beginning of the title one inch to the right arelifighes abee the current
plot origin. In either case, the actual plot title igegi by the string enclosed in double
quotes.

Attributes may be nested tovemal levels so that attributes mayhemseles, hae
attributes. Thisallows infrequently usedariables to be &ctively hidden during normal
use, but remainvailable if required.
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The final class of tokens which may appear in the input to McPlabanenands

« Command: one of a class of tokens which may beket to exit the program,
obtain help, s& a bg of the input, examine or edit files, start jobs, search for files,

etc.

Commands may bevoked at any point in the input, in aporder and as often as desired.
The currently gailable commands are:

Command

quit

help

save

Description

Typing quit initiates the normal @t from McPlot; it is
synonymous with End-of-File (Ctrl-D).

The command,help, results in a display of the currently
awvailable commands and actions or parameters and flags or
operators and constants, depending on the parser Sthte.
helpcommand uses the same look-up tables as the pdisisr
means that an action must beaked before its help screen can

be seen. Thus, forxample, the sequence to obtain help for a
particular action is

> action help{ specification_lis};

Similarly, a dmmplete description of the attributes of a parameter
or flag may be obtained byvioking the help commandafter
entering the (left) parenthesis marking the start of the at&ib
specification list for that parameter or flag. In general hisle
command may be employed atyapoint within an action to
indicate the currently ailable parameters and flags (or
operators and constants), or at the topll® list the commands
and actions.

The savecommand causes a log of the usérput to McPlot to

be saed in a fie if the -1 option has not been visked;
otherwise, it has no ffct. If no log file name has been
specified on the command line, the log file name is of the form
MCcPlot. XXXXXX, where XXXXXX is a unique string which
depends on the ussijpb number.
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Isystem command When an eclamation point, !, is encountered in the input
stream, all input following it up to the first newline is sent to the
operating system as a system commamtus, the user may
examine or edit files, start jobs, search for files, etc., without
exiting McPlot. Note that system commands are not echoed in
the log file.

McPlot actions are only performed when the terminal semi-colon is seen by the parser
Commands, on the other hand, axeceted immediatelyregadless of the parser state.
Within a specification list, input is interpreted by the parser in the order it is entered so
that the last value assigned to a parameter in a specification list is the one which is
ultimately used.Similarly, a flag may be canceled by subsequentplimg its opposite

within the same specification listin the calc action, operations are performed
immediately in the order specified.

4.3 Defaults

Any variable which is not explicitly specified by the user igegia defaultvalue by the
program. Properselection of defaults allows the user to describe the desired
characteristics of a plot with minimum input.

In McPlot, there is a hierarglof defaults.

At the top leel, the user may specify nearly all of the programad#é by assigning
appropriate values to certagnvironmentvariables. Sedhe section, "Customizing the
Program”, for more information.

At the next leel, certain defaults may bewvgn on he command line which wokes the
program. Thesenclude the defult input plot data file name, the device to which the
plots are directed, the log file name, etc.

The next lgel comprises the built-in program deflts. Deéults not specified on the
command line or in the environment retain their programmed values.

At the next lgel are layout parameters and flags which control the nominal layout of
plots on a page, the size and spacing of plots, alpha-numeric character sizes, special
centered symbol size and plotting int@r\precision of numerical annotations, elhese

may be freely specified by the user and dmyout parameter or flag which is not
explicitly prescribed assumes its system default value according to the hyeratehl

abore. The resultant values for these parameters and flags function, in turnaalsdef

for plot, putandselectparameters and flags (and their attributes) which describe the same
characteristics.

At the next leel are values assigned tgot parameters and flags which affect alpha-
numeric character sizes, special centered symbol size and plottingingeecision of
numerical annotations, etc., within avgi plot. Thesemay be freely specified by the
user and anplot parameter or flag which is nox@icitly prescribed assumes its deft
value according to the hierargmoted abwe. The resultant values for these parameters
and flags function, in turn, as defaults $etectparameters and flags (and their atttés)
which describe the same characteristics for eachecuma ot.
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In short, whereer appropriate, defaults fl® down from the user to the program, to all
plots in a gren run and, finallyto components of a particular plot. If an exception to the
default is desired, the user merely has to specify it at the appropvite le

4.4 Morpholgy
The following rules are valid for all of the input to McPlot.

+ Input may be either in upper orwer case. Except in quoted strings, all input is
converted to lower case by the lexical analyzer.

« In general, a string is delimited by double quotesydwer, anything which is not
recognized by the Xécal analyzer is returned to the parser as a stringnok
Hence, a string which contains no white space and does giot\Wwith a sequence
which might be recognized by the parses is he case with most UNIX file names,
need not be delimited by double quotes, although itwayal correct (and safe) to
include them. Note, lweever, that, since all unquoted input to the lexical analyzer
is corverted to lower case, strings which are intended to include upper case
characters must be quotelf.a double quote character is desired in a string, it must
be escaped with a backslash, \".

+ Additional mathematical symbols and Greek letters may be includgdhane
within a quoted string.For this purpose, each symbol has a three-character name
of the form, \k, wherex identifies the letter or symbolln particular for Greek
letters,x is an upper or lower case Roman letter which is reminiscent of the Greek;
e.g., \(ais, etic. Asan example,

S(axp =1
is produced by the sequence,
\(S (\(@\(*\(b) = \(t

Any such three-character name which is not recognized by the lexical analyzer
produces a blank spaceA complete list of the identifying character names
available in McPlot, together with the associated symbol, is showmwbelo

abgdezyhikl mncoprstufxqw
apByoelnbBikAuvéomporvexy Yy w

ABGDEZYHIKLMNCOPRSTUF XQW
ABITr'AEZHOIKAMNZONPZITY®XWYQ
l#$*?, /1, <=>.0123456789
zooVx+0[=0 N<H>°01234567839
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In addition, there are twnon-printing characters which provide relativetical
motion within a string: \(+ raises the remainder of the string one-half character
while \(- lowers the remainder of the string one-half characByr appropriately
pairing these raising andvering characters, subscripts and superscripts may be
accommodated within a quoted string.

Note that, if a three-character name sequence is desired in an output string, it must
be escaped with a backslashx.\\(

+ Any token which begins with a digit, [0-9], a sighor —, or period, ., is assumed
to be a numberlIf a decimal point is present, it is assumed to be a real number
(double), otherwise it is an irger A real number may k& an optional xponent;
e.g., 1.23e-45.The number ends at the first blank, tab or newline; hence, signed
numbers must not ke white space between the sign and the remainder of the
number The parser knows what the type of eaahable is (double or integer) and
will perform ary necessary comrsion. Thus,it iS not necessary to include a
decimal point when specifying whole real numbers and decimal points appended to
integers are ignored.

+ Certain tokens which may be described as punctuation, specjficblty; , () [ ]
(double quote, exclamation point, equal sign, semi-colon, comma, left and right
parenthesis and left and right square bracket), do not require surrounding white
space. Notehowever, that all other tokens must be delimited by white space,
including, for example, the / (division) er(subtraction) tokens for the calculator.

4.5 Comments

Comments may be used to neake input more readable and allselectve wse of parts
of existing input files, without requiring creation of a separate file. In McPlgtharg
between a % (percent sign) and the following newline is ignored by the .p&wer
example,

> %This is a comment

> select y=2; % this is another comment
>
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4.6 Pompts

Wheneer a nrewline is encountered in the input stream, a prompt is output by xioalle
analyzer This prompt reflects the state of the parg&trthe top leel, the prompt is just a
right angle-bracket, >. When an actioeyWword is input, the prompt output in response
to a newline will she the current action éyword followed by the angle-bracket; for
example,

> read %ithis is the uses' input
read> %this is the output prompt

After starting an attribute list by entering the name of a parameter or flag and a left
parenthesis, the prompt indicates the parser state by appending a dot and the name of the
parameter or flag to the basic prompbr example,

> select x=12y=2
select> clipy(max=13.47
select.clip.y> min=-2.35))
select> ;

>

Each leel of attributes (parentheses) acquires another suffix, which isvahwhen the
parentheses are close&imilarly, when an action is terminated by a semi-colon, the
prompt reverts to its initial state form.

4.7 Eror Recovery

Fecilitating recavery from input errors is, in general, a difficult problem for the parser
designer In mary instances, the appropriate action is to ignore all input after an error
until the end of the line and then prompt the user to re-enter thelfindcPlot, this is

not possible since the input is not line oriented and the parser does rantt, iknkv
when a newline is reoesd.

The solution adopted is the follng. If the parser is in its initial state so that an action
keyword is epected, the parser will print a messagestaterrindicating the problem and
ignore all input after the error until a correct command or acteywérd is entered.

Once an action has been started, the parser will print a messaideongiving the
approximate location of the error and ignore all subsequent input until a correct statement
is encountered in the input streafhis may be either a command, a flag or a parameter
assignment, oiin the case of thealc action, an operator or constarior the most part,

this does not causeyaproblems. Thaiser simply re-enters the appropriate input starting
from the indicated errorHoweva, if the error is caused by the omission or misplacement

of a final parenthesis or semi-colon, it is not sufficient to simply input the required
parenthesis or semi-colon, since these do not qualify as statements. In this case, it is
useful to remember that tirelpcommand is avays a \alid statement and does not cause

ary side efects. Thustyping help followed by a carriage return is the simplest way to
reset an error condition in these circumstances and the output help screen and prompt will
precisely indicate the current state of the par#drthis point, the necessary terminating
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parenthesis or semi-colon will be accepted by the parser and the user may continue
normal input to the program.
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5. EXAMPLES

In the kamples which follay, data from ten separate files of varying lengths and written

in four different formats (ASCII, single and double precision C binary and single
precision Fortran binary) are plotted in the same run. These data, as well as the input
required to generate thexample plots, are contained in the McPIlot subdiregtory
/Examples.

The examples are intended to illustrate the input syntax and some of the more commonly
used features of McPlotit would be difficult to demonstrate all of the features of the
program, since, at last count, there are 25k diht parameters and flags which may be
prescribed by the useHoweve, as will be shown, quite elaborate plots may be obtained
from relatvely simple input.

The actual input statements which were used to generate each example are reproduced
below the plots. New users may find it useful to run McPlot interaely and experiment

with the ekamples. Irthis context, thénelpcommand may provide suggestions for other
possible options.t should also be emphasized that the input format in McPlot is quite
flexible. Theuser is encouraged tod#op his own input style and apply it consistently.

The first step in generating a plot is to create a file containing the data to be dhattad.
for the first three examples was generated using the following Fortran program which
writes to a file, "fort.14".

FORTRAN DEMO PROGRAM

dimension p(3)
data dtr/0.01745329252/

do 100 i=1,361
x = float(i - 1)
p(1) = x
X = x*dtr
p(2) = sin(x)
P(3) = cos(x)
write(14) p

100 continue

stop
end

The output is a series of 361 plot records in whicfin degrees) is the firstaviable,
sin(x) is the second variable ambgx) is the third variable in each record.
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Cartesian Map

The first 13 examples apply to the Cartesigy) (nap (the default) in which input data
points are interpreted as rectangular Cartesian coordinates (x,y) of a plamentlare
plotted conentionally using x for the abscissa and y for the ordinate.

5.1 Exampld

The first example shows a very simple plot with just twrves and no annotation such
as might be used for a quick interaetexamination of the data.

The read action is used to cgpplot data into memory; the associated parameters and
flags specify the data file name, the numberaofables (= the number of columns in the
plot data matrix) and the data formatdditionally, the parametemnextra is st equal to

1 in order to allocate space in memory for an additional ptatar which will be used in
the next tvo examples.

The selectaction specifies which variables (columns in the plot data matrix) are to be
used as the coordinates of each eurvthe current plot, as well as other information.
Normally, each cure requires a separatselect action and all curves specified in
consecutie selectactions are scaled togethétoweve, for simple plots with a minimum
of annotation, it is possible to shortcut aaireelection by simply assigning a comma-
separated list of the appropriate data column numbers to the integer paranaeieys

In the selectaction for this example, the assignmeynt; 2, 3 prescribes tw curves in
which the values of the dependent variable (y-coordinates) ae takm the second and
third positions in the plot record respeety. By default, the values of the independent
variable (x-coordinates) for each cenae assumed to occyphe first position in each
record, so that need not be specified in this case.

The plot action allows the user to specify the size and shape of the current plot, its
position on the page, the scaling used to display thegudy selected curves (linear or
logarithmic), and other characteristics of the plot. In this example, linear axes with
automatic scaling are provided by delt. Theplot action also causes the current plot to
be displayed on the specified output device.

As will be seen, additional plots of data in the same file may be madedyting the
appropriateselectand plot actions. Oncealata is loaded, it remains in memory until the
nextread action.



Example 1

read gnufor single file="fort.14" nvar=3 nextra=1;

select y=2,3; plot;
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5.2 Example

The second example is a typical annotated plot, includingedeigends, axis labels and a
title. In most cases, the general form of the input shown, together with the program
defaults, is sufficient to produce an acceptable plot.

In the first step, thealc action is employed to form thevaage of the sine and cosine
data values and the result is stored in thevipusly allocated fourth plotactor The
syntax here is strongly reminiscent of thewtt-Packard line of scientific calculators,
and users familiar with Rerse Polish Notation should Valittle difficulty following the
example.

Next, three curves are selected andgend string is assigned to each carvNotethat a
curve is ecified by assigning an appropriatdue (= the indeof the variable in the plot
record) to the integer parametex@ndy, in eachselectaction. for the curves shown, the
independent ariable occupies the first position in the plot recaxd=(), which is the
program default so that need not be specifieddowever, it is dways necessary to
specify the inde for the dependentaviable,y, snce its default value is undefined and
curve dotting stops at the first undefingdaue.

For reference, it may be noted that the only effect sekectaction is to load internal
array elements with the specified imdealues, legend string and other information
concerning the curve; no manipulation of the data occliltés means that, in general,
the order otcalc andselectactions is not significant. In particujdine calc action for this
plot could hae keen placed betweenyatwo successie selectactions, or after all three
curve were selected; the result wouldvedeen the same.

It is recommended that multipgelectactions be used wheres more than one parameter
is assigned for a curve; otherwise, it becomeficdif to keep track of which parameters
go with which cure. Inary case, multipleselectactions aranecessaryhenerer select
flags are imoked. Seehe Reference Section for a more complete discussion setbet
action.

Finally, the curves are plotted with labeled x and gsa&and a title is pxaded. Theplot
parameterfont, determines the character set used for this plot (RoniEm.plot flags,x
andy, specify linearly scaled as. Theattribute,label, of these flags determines the axis
label. Otherplot parameters and flags may bedked to pecify other features of the
plot, such as the position of thegénd block and plot title and the size of the characters.
In this plot, both the [gend block and the title are placed at the default position, and the
default character size is empied. Notethat, for multiple line titles, the position is
adjusted to accommodate all of the title lines.

It is important to remember that the assignment forldbel attribute of theplot flags,x
andy, must be enclosed in parenthes@mission of the final parenthesis indicating the
end of an attribute list is one of the more common input errddslitionally, each action
must be terminated by a semi-coloA.misplaced or omitted semi-colon will also cause
an input error.



io5%

Example 2
sample plot
with multiple line title
— —
AN yl = sin((x))
yR = cos(x —_— — — = —
N\ y3 = 0.5%(y1 + y2) */*

T
0 60 120 180 240

X (degrees)

calc rel[2] rel[3] + 0.5 * sto[4];
sin(

X)H;
cos(x)";
0.5%(y1 + y2)";

select y=2 legend="y1
select y=3 legend="y2
select y=4 legend="y3

plot font=1 x(label="x (degrees)")
y(label="y = f(xg)”)

title="sample plot”, "with multiple line title";
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5.3 Example

In this exkample, the layout of the page is changed to accommodate 6 plots per page
arranged in 2 columns of 3 plots each, and the axis lengthsvarall plot scale &ctor
are adjusted accordinghAdditionally, the default font is set to number 2 (Italic).

Next, one cure is ®lected and &gend string is assigned. In the subsequelot action,
the flag,page is invdked to dart a n&v page. Ingeneral, it is desirable to start anne
page each time the plot layout is changed.

In theselectaction which follows, a e curve is gescribed with its own gend.* Inthe

subsequenplot action, the flagsame is invoked so hat the second cuevs dawn on the
same plot as the firstNote that the default is to me o the nextplot. Atthe same time,
they flag attritute, new is invoked to dotain a ne y-axis, with its evn label for the
second cure. Thedefault is to use theameaxis.

In the first plot, the axes were scaled automaticaty the second plot on this page, the
x-axis scale (90 degrees/inch) is determined from user input by means of the parameter
attribute,scale which prescribes the number of plot units per inch.

For the third plot in this xample, the selected independent variable is in the second
position in the input data record, while the dependaniakle defining the cuevis in
position 3. In general, gnplot vector may be selected to represent either the x- or y-
coordinate of a curve.

Finally, the fourth plot in this example shows that the size of a plot may be changed at
ary time using theplot parameteraxlens Additionally, the plot flag, polar, is invoked to
produce the crossed axes at the center of the plot, andf$kéarid scale factor for each
axis is prescribed to insure that x and y are plotted symmetrically.

Note that a subsequent plot on this pagmild be placed (by default) at its nominal
position, one inch (scaled ligctor) above the fourth plot.

* It may be noted that, in this case, when the second gsirgotted, the legend line samples do not
precisely line up as in previougamnples. Theeason for this is quite simplé legend block is sized
by the length of the longest string in thelectaction(s) preceding plot action so that the text and
line samples are left and right justified respestyi Subsequent igends drawn on the same plot are
left aligned with ag previous legends. Hwever, once a lgend block has been drawn on a plot, the
string length determining the width of the legend block is discarded so that the program can select a
nev maximum legend string length. (Note that the program has ap ef knowing whether a
subsequent legend will be drawn on the same plot or another plot.) In these circumstances, the line
sample may not extend to the right edge of the legend blbcit.is desired, the user may pad
subsequent legend strings with blanks to en#éle strings hee te same lengthHowever, if a
proportionally spaced font is used, the result may still exhibit a slighvenness due to the €&fing
character widths.
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layout stack=3,2 factor=0.7 axlens=4,2 font=2g;

select y=3 legend="cosine"’;
plot page x(label="x (degrees)")
y(label="cos X)’%;
select y=4 legend="1(x) ";
plot same y(new label="1f(x)");

select y=2;

plot x(label="x (degrees)" scale=90) y(label="sin(x)");

select x=2 y=3;
plot x(label="sin(x)") y(label="cos(x)");

select x=4 y=g;

plot polar axlens=4,4

x(label="f(x)" start=—1 scale=0.5)
y(label="sin(x)" start=—1 scale=0.5);
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The next tvo examples use data generated by the following Fortran program, which
writes to a file, "fort.15".

SECOND FORTRAN DEMO PROGRAM

dimension p(3)

do 100i=1,9
zeta=0.05*( + 1)

do 10 n=1,11
rn=0.8+0.04*(n-1)
tau = 100.0*((1.0 - rn**2)**2 + (2.0*zeta*rn)**2)/(zeta*rn**4)
p(1) = zeta
p(2) =
p(3) =tau
write(15) p
10 continue

100 continue

stop
end

In this program, there is a double do-loop with a write to unit 15 in the innermost loop.
Thus, the first 11 records correspond to the first value of zeta anying values of tau

and rn, which are functions of the inner loop ixdmd zeta; the next 11 records
correspond to the second value of zata,w.

5.4 Examplet

In Example 4, the me data file is read in using thread action. Notethat the file name

must be specified since it flifs from the previous name. The number of variables in the
plot record is also specified, although it is not necessary in this case since it is the same as
in the firstread action. Also,the page layout is restored to its default configuration,
except that the Sans-serif font (number 3) is chosen.

This example illustrates the use of tkelect parametersfirst and last, to ecify
sgments of the data for plottingn this case, it is desired to plot values of the time
constant, tau, as a function of the frequeratio, rn, for selectedalues of zetaFor each
curve, the independent variable is in position 2 and the dependeable is in position

3. The particular values of zeta considered are obtained by selecting 11 coresecuti
records for each cuevdarting at records 1, 23, 45, 67, 89 respehti

Note that theplot flag, page, is required in this case to force amnpage since thetackin
the previous example was not completed (only four plots weauted).



time constant (sec)

Example 4

400
¢ = 0.1
=02 — — — — —
1\ ¢ = 0.3 - -
\ ¢ = 0.4
¢ = 0.5 -—— -
300+
200
100+
0 T T T T T T T T T T |
0.80 0.88 0.96 1.04 1.12 1.20
frequency ratio
read file=fort.15 nvar=3;
layout stack=1,1 axlens=6,4 factor=1.0 font=3;
select x=2 y=3 first=1 last=11 legend="\(z = 0.1";
select x=2 y=3 first=23 last=33 legend="\(z = 0.2";
select x=2 y=3 first=45 last=55 legend="\(z = 0.3";
select x=2 y=3 first=67 last=77 legend="\(z = 0.4",
select x=2 y=3 first=89 last=99 legend="\(z = 0.5,

plot page x(label="frequency ratio’)

y(label="time constant (sec)");
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5.5 Examplé&

In Example 5 the same data is used, but instead of plotting conseeabrds, theselect
parameterskip is used to pick out specific points in the plot vector which are then
connected to form the plotted curve.

Ordinarily, the function of the parameteskip, is to force a reduction in the density of
points actually plotted. This is particularly useful if special centered symbols are
selected, since, in this case, thdltbin data compression algorithm is notvaked.
However, it is dso possible to accommodate certain cyclic arrangements of plot data by
appropriate specification of the parametskip In order to emply this feature
effectively, it is important to kna how the skip parameter is used in McPlot.

Once a set of curves has been selected, the maximum and minimum values are
determined to obtain the appropriate scaliagtdrs and the axes are wra Next, the

data \alues are scaled and, if data smoothing is requested, a cubic spline interpolation is
performed. Itis only when the points in the transformed plettor are actually being
dravn on the plot that the parametskip, is finally used. As each point is processed, a
special centered symbol and/or connecting line is drawn only for those points whose
index, modulcskip, is zero.

Evidently then, if, as in this ample, the parameteskip, is used to accommodate a
cyclic arrangement of the data, some functionality may be lost. In parficldta
smoothing may produce undesirable results and axis scaling and the maximum, minimum
and final \alue annotations will be based on all of the data in the pldby not just the

points selected by thealue ofskip. Howeve, dl other McPlot features arevalable in

this case as for the nominal sequential arrangement of data.

In this plot, the selected independeatiable is in position 1, the dependent variable is in
position 3 andskip = 11, so hat only &ery eleventh record is used to dsathe cune.

With this choice, referring to theoRran program used to generate the data, one obtains a
plot of the time constant, tau, as a function of the damping ratio, zeta, for spaliés v

of the frequeng ratio, rn. The particularalue of the frequencratio obtained depends

on the initial record.By starting with records 1, 6 and 11 respe#yi one obtains the
curves shown.

It may be noted that, for this plot, the cesvare displayed in separgii®t actions in
order to illustrate the fact that theemxare scaled with respect to all of the data in a plot
vector, including skipped records, Ordinatilit is more efficient (and comnient) to
define the curves in conseatiselectactions and then display them in a singlet
action. Thisprocedure will also insure that the axis scaling is appropriate for all of the
curves which are intended for the same plot.
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select x=1 y=3 skip=11 legend="r\(—n\(+ = 0.8";

plot x(label=""damping ratio”
y(label="time constant (sec)");

select x=1 y=3 skip=11 first=6 legend="r\(-n\(+ = 1.0";
plot same;

select x=1 y=3 skip=11 first=11 legend="r\(—n\(+ = 1.2";
plot same;
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For the next three examples, the plot data was generated using the C Language program
shown belw.

C DEMO PROGRAM

#include <math.h>
#include <stdio.h>
main()
{
FILE *fp;
double a, b, t, r = 0.0, f[5];

fp = fopen("c.1.dat","w");

for(t = 0.0;t <= 6.0;t += 0.05) {
if(t>1.0 && t<2.0){
a=02;
b=01;
}
else if(t > 3.0) {
a=40.2
b=-0.3;
}
else {
a=00;
b=00;
}

r+=0.01;

fl0] =t;

f[1] = r*cos(t);

f[2] = rsin(t);

f[3] = sin(t) - b;

f[4] = 0.5*cos(t) - a;

fwrite(f,sizeof(double),5,p);
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The output in this case is written to the file, "c.1.dat", and consists of 121 unformatted
binary records, each of which comprises 5 double precision real variables.

The first position in the record is time in secondi&e next tvo variables are the x- and
y-coordinates of a spiral cugv Thelast two variables are essentially sine and cosine
functions with discontinuous portions.
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5.6 Examplé

In Example 6, the we data file is read in using theead action. Notethat a full
specification ofead parameters and flags is required.

In theselectactions which follav, the flag,note is invoked to dbtain the final glue of the

first cune and the minimum and final values of the second eutwthe second case, the

final value is labeled, the precision is set to 6 places after the decimal and the position of
the annotation is prescribed. The atitis,x andy, define the position of the start of the
annotation in inches rela#  the current plot origin.

The curves are then plotted using the default linear axis scaling.

In the next step, a box is dva around a segment of the plot using e action. The
position of the upper left-hand corner of the box is specified by the parametertesixb
andy, while the width and height of the box are determined by the parameteutatiib
wid andht. In this case, it is desired tovgi the position coordinates and dimensions in
plot units, so theutflag, scale is invoked. Thedefault is to interpret the input position
and dimensions imches



Example 6

1*
I final value = 0.680085
| _—
0.5—+T—
04 0.02
io5%
—1 T T T T T T T T T I T |
0 1 2 3 4 5 6

read c¢ double file='"c.1l.dat" nvar=5;
layout font=1;

select y=4 note(fv);

select y=5

note(min fv(x=4.5 y=3.5 ndec=6 label="final value = "));
plot;

put box(x=0.5 y=1 wid=2 ht=1.5) scale;
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5.7 Exampleg

In the net example, the same curves are selectddwever, by specifying theplot
parametersstart andend which determine the range of the independent variable for all
of the selected cues, only the boxed region of the previous plot is displayed. Note that
the plot is automatically scaled according the specified range of the indepestikoiey

In the next step, a segment of the first eury loxed using theput action as in the
previous example.

In the subsequenselect action, the fourth plot vector is again specified and the
parametersstart andend are used to limit the range of the independent variable defining
the cune to the nev boxed region.

This cune sgment is then plotted on the same page bykimg the plot flag, nopage
(note that the current default is one plot per page).

In the plot action, the parameteorigin, specifies the (x,y) position of the origin of the
current plot in inches relag t© the origin of the previous plot. The x- and y-axis lengths
(in inches) are determined by the parametelens The plot flags,noxandnoy, specify
linear scaling; hevever, the axes (and annotation, if any) are not actually drawn on the
plot.

In the final action, a box is placed around the small plot to further define it. Note that, in
this case, the position and dimensions of the box &ema @i inches(the default) and that
the position of the box is specified relatio the origin of the current (small) plot.
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select y=4,5;

plot start=0.5 end=2.5 title="detail of previous plot";

put box(x=1.8 y=1.0 wid=0.4 ht=0.2) scale;

select y=4 start=1.8 end=2.2;

plot nopage origin=4.5,1 axlens=2,1 nox noy
title(font=2)="further detail;

put box(x=0 y=1 wid=2 ht=1);
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5.8 Example3

Example 8 shes an application of theelectflag, ticks to draw annotated tick marks at
intervals along the curve.

Tick marks may be dven at specified intervals along the cairas a @inction of a tick
control variable which is simply one of the input pleictors whose column number is
determined by the user (the daft isvar = 1). Thetick marks may be annotated with the
corresponding alues of yet another variable (plot vector) which may be selected by the
user (the default is to use the sanaiable number as specified for the tick control
variable). Theannotations may also be labeled and the interval between annotation
vaues independently prescribed by the user.

In this case, the second and third positions in the plot record are selected to define the
curve. Theattributes of the flagticks give the spacingdelta between tick marks and
annotation glues, as well as tHabel string. Notethat default valuesvar =1) are used

for both the tick control and annotatioanables. Seéhe Reference Section for a more
complete description of theksoption.



Example 8
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select x=2 y=3
ticks(delta=0.25 note(delta=1.0 label="t=" font=2));
plot;

1.6
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5.9 Exampl®

Example 9 illustrates the data clipping option in McPlot. It uses a set of measured time
values taken wer a 48 tour period. The data reside in a single precision Fortran binary
file, "fort.16", comprising 575 recordsThe first variable in each record is the elapsed
time (in seconds) relat © the start of the experiment, and thetrsvo variables are the
actual measurements (sec).

After reading in the data, changing the plot layout andr&ting the elapsed time to
hours, the measurements are plotted withaaléfscaling and no clippingEvidently,
there is an ivalid data point about 35 hours after the start of the experiment.

In this case, it is knen that the measured values should lie between 70 and 80 msec.
Thus, in the next plot, the flaglip, is invoked to "lift the drawing pen" whener the y-
coordinate of the cues falls outside the range).07<y<0.@. Theresult is a
considerably impreed representation of the data.
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read gnufor single file=fort.16 nvar=3;
layout stack=2 axlens=.,2 font=2g;

cale rel[1] 3600 / sto[1]; % convert time to hours

select y=2,3;
plot page x(label="time (hr)") y(label="measured values (sec)")
title="BEFORE CLIPPING";

select y=2,3;
plot clip(y(max=0.08 min=0.07))

x(label="time (hr)") y(label="measured values (sec)")
title="AFTER CLIPPING";
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5.10 Exampld.0

Example 10 illustrates the default gridding and logarithmic axis options. The data
comprises 3322 records with three single precision variables in each record. The first
position contains the frequency; the second and third hold magnitude and phase v

The data is stored in the C binary file, "c.2.dat".

After reading in the data, changing the plot layout and@ting the magnitudealues to
dB, the phase and magnitude responses and a Nichols plot are generated.

In each case, thplot flag, grid, is invoked to provide the dedult gridding. It may be
noted that the same result couldvédeen achieed by invoking the layout flag, grid,
which specifies gridding by default for all subsequent pl8ise the reference section for
a amplete discussion of thggid option.

In the first two plots, a logrithmic x-axis is specified by means of fhlet flag, logx. In
general, either the x- or y-axis or both may be plotted using a logarithmic scale by
invoking theplot flags,logx and/orlogy.
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read c single file=c.2.dat nvar=3;
layout stack=3 axlens=8,2 factor=0.6 font=3;

cale rcl[2] log10 20 * sto[2]; % convert to dB

select x=1 y=3;
plot page grid title="PHASE RESPONSE"
logx(label="frequency (Hz)") y(label="phase (deg)");

select x=1 y=g;
plot grid title="MAGNITUDE RESPONSE"
logx(label="frequency (Hz)") y(label="magnitude (dB)");

select x=3 y=2g;
plot grid axlens=,4 title="NICHOLS PLOT"
x(label="phase (deg)") y(label="magnitude (dB)"):
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For the next three examples, the data is contained in an ASCII file, "ascii.dat", which is
reproduced bels.

ASCII DATA

-0.09177
-0.09230
-0.09092
-0.08570
-0.10434
-0.11274
-0.11451
-0.11274
-0.10434
-0.08570
-0.09092
-0.09230
-0.09177

el
NEBowo~NvNoosrwnvroO

o

-0.09819

The last value in the second column is a tiveage, and is not, strictlypart of the data
to be plotted. Its use will be indicated in Example 12.

5.11 Exampld1l

Example 11 illustrates the cubic spline interpolation of sparse data and some of the
capabilities of theputaction.

In the first step, the data is read in and extra space is allocated for an add#r@idéyv
Then, the plot layout is restored to the default configuration.

The first cure is ®lected and, in the subsequehit action, the flagsmooth is invoked
to yield the cure shown.

The calc action is then used to create avrgot vector which is essentially the same as
the original except that it is displaced in y.

This nev plot vector is then selected and, in the seqaiotiaction, the displaced cuevs
drawn without smoothing for comparison on the same plot.

Finally, the put action is employed to provide additional annotation. Note that the
position of theput strings is specified in inches relati o the origin of the plot.In
general a string may be placedyahere on the page, at\amngle relatve © the
horizontal and with ancharacter size. See the Reference Section for further discussion
of theputaction.
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Example 11
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read ascii file=ascii.dat nvar=2 nextra=1;

layout stack=1,1 factor=1 axlens=6,4;

select x=1 y=2 legend="WITH SMOOTHING ";

plot smooth last=13 7% all but the last point
x(label="TIME (MONTHS)") y(label="RATE (DEG/DAY)") page;

calc rcl[2] 0.005 — sto[3]; % move second curve down

select x=1 y=3 legend="WITHOUT SMOOTHING";
plot same last=13; 7% all but the last point

put str(x=3 y=2 font=2)=""Curves displaced for clarity'’;
put str(x=-0.3 y=—0.55)="SUMMER"

put str(x= 1.3 y=-0.55)="FALL",
put str(x= 2.7 y=—0.55)="WINTER";
put str(x= 4.3 y=-0.55)="SPRING",
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5.12 Exampld.2

In this example, thput action is used to dvaa line representing the time@age of the
data and to annotate theeeage \alue. Thelast record of the input data file is used to
place the annotated line automatically.

As before, a smooth cuevis dawn through the dataln addition, theplot flag, page, is
invoked with the attrilute,lands to place the x-axis of the plot along the long axis of the
page. Notehat the plot orientation may be changed on eashpage.

In the nat action, the original cueyis ®lected with flagsnosymandnoline With this
specification, a single dot is placed at each point defining the curve.

When the cure is dawn on the same plot, only the last record is includidst(= 14).
The result is that a single point is drawn on the plot with an abscissal@e) of 0 and
whose ordinate (y-coordinate) is the requirgerage value gien in the last record of the
data. Thisprocedure sews to set the default values for gt position attributes at the
value of these coordinates.

Having set the delults, a line may be drawn across the plot at the requiezdge \alue
by specifying only thdrom andto x-coordinates. Irthe example, plot unitsé¢ale are
used to specify the coordinates. The same result could be obtained from the input,
> put line(from=0 to=6);

in which the coordinates are specified in inches.

Finally, the putflag, data, is used to place the annotatealne contained in the last record

at the dedult position, which is the last point plotted and corresponds to the right end of
the previously drawn line.
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5.13 Exampld.3

This example shows an application of tbelectflag, ebars to draw error bars for
specified data points using erraalwes contained in the data fil&dditionally, the put
flag, arrow, is illustrated. Thesame data is used as for th@twevious examples.

In the calc action shwn, the third plot vector is assigned possible error values which
represent tw percent of the ordinate of the original carvin the subsequentelect
action, this plot vector is chosen to control the length of the error bars using thatettrib
var, of the flag,ebars and unconnected centered symbols arevdrat each point along

the cune. Notethat the possible error is assumed to be plus or minus the value contained
in the specified plotector Finally, a snooth interpolation is drawn through the data
points.

The putflag, arrow, may be used to dvaattention to selected features of the plbit.the

first put action, a string is placed on the plot and anvaigodrawn from the end of the
string to a designated point in plot (scaled) coordinatste that only théo endpoint of

the arrav need be specified in this case. In the fimatl actions, an arm is first dravn
between tw ecified points on the plot (in inches). Then, a string is drawn along the
shaft of the arne. In this case, the angle at which the string is drawn may be computed
from the positions gen for the endpoints of the amo The special vertical shift
character "\(+", is used to mee the string avay from the line segment in order to
increase legibility.
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—0.10+

—-0.11+

Example 13

Sample plot with error bars and arrows

Error bar

—-0.12

layout font=1;
calc rcl[2] 0.02 * sto[3]; % estimated uncertainty is 2 percent.

select y=2 sym noline last=13 ebars(var=3); % plot points and error bars.
plot title="Sample plot with error bars and arrows';

select y=2 last=13;
plot same smooth; 7% now draw a smooth curve through the data points.

put str(x=0.7 y=—0.104 font=2)="Error bar”
arrow(to=4.9,-0.114) scale;

put arrow(from=0.5,0.5 to=1.7,1.1);
put str(x=0.5 y=0.5 ang=26.57 font=2)="\(+Arrow'’
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Spherical Map

The next 7 examples apply to the spherical nsg@hé€re, in which input data points are
interpreted in terms of spherical polar coordinates of a point in space and are plotted
relative o a wnit sphere as seen from the perspectf a gpecified observer.

5.14 Exampld4
This example illustrates the definition of azimuth andatien angles used in McPlot.

In the first two actions, the spherical map is selected, the radius of the reference sphere,
as drawn on the page, is set to three inches and thpaii is specified relate © the
perspecite d an dosener located at 30° azimuth, 30° edon and infinitely far from

the center of the sphere (daft). Thesubsequenplot action causes the reference sphere

to be drawn on the page. In this case, the prograautlefare used for the grid style and
spacing of latitude and longitude lines.

Next, a special centered symbol is placed at the North pole of the sphere. By default, the
interpretation of the vector attube, pos giving the location of the symbol is in terms of
azimuth and eletion values (in decimal degrees) relatito the sphere. The format is,
pos= az, € [, d ], whereaz and el are the azimuth and eftion angles andi is the
(optional) radial distance from the center of the reference sphere in units of the sphere
radius. Ifit is not specified, the default ds= 1 so hat the position of the point is on the
surface of the spherdf posis not specified, the default is the last point plotted redabi

the sphere so that it is not necessary to specify the position of the string labeling this
point.

In the subsequent actions, great circle lines arevrdralong the prime meridian and
equator using theut flag, line. The format used to specify theator parametergrom

andto, is the same as fgpos Note that, if the starting and ending points specifying a
great circle are antipodes, the actual path is indeterminate. The program resolves this
ambiguity by choosing a path through one of the poles. Hence, for the eghator
azimuth values gen are slightly less than 180 degrees apart to insure that the intended
path is followed.

Finally, arrows are dravn, with appropriate labels, indicating the azimuth andasten
components of a point at azimuth, 65° veal®n, 50°, and a special centered symbol is
placed at the point.



Example 14

Definition of Azimuth and Elevation

n North pole

elevation

azimuth

map sphere; 7% choose spherical map
layout radius=3 azo=30 elo=30 font=1;
plot title=""Definition of Azimuth and Elevation'’;

put sym(pos=0,90 type=0) str=" North pole";
put line(from=0,90 to=0,—90) str(pos=-3,5 ang=80)="Prime Meridian";

put line(from=-59,0 to=119,0 type=1) str(pos=5,3 ang=—9)="Equator";

put arrow(from=0,0 to=65,0 size=0.2);
put str(pos=35,—4)="azimuth'’

put arrow(from=65,0 to=65,50 size=0.2);
put str(pos=67,25)="elevation’;

put sym(pos=65,50 type=11) str=" (65,50)";
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5.15 Exampld5

In this example, théayout action is used to specify a reference sphere in which the
nominal angular separation between latitude and longitude grid lines isHb@fever, to

avad a confluence of longitude lines at the poles, the separation between longitude lines
is increased to 30° for latitudesyomd £80°. Seethe Reference Section for a more
complete discussion of the possildgoutoptions.

The viewpoint from which the sphere is observed is chosen to be the point at azimuth,
-100°, eleation, 40°, and infinitely far from the center of the spheredidéf The
subsequenlot action causes the reference sphere to be drawn on the page.

The input action is then used toverlay a political map of the Earth’aurface on the
sphere. Thdile, "sphplt.map", contains the user input statements necessary to add this
map to ag previously defined reference sphere. See the Reference Section for a more
complete description of thaputaction.
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5.16 Exampld.6

In this xample, although the layout is the same, phat parameterdist, is used to
specify a viewpoint which is at a distance from the center of the sphere equal to 1.2 times
the radius of the reference sphefax the Earth, this would correspond to an altitude of
approximately 1276 km. Otherwise, the plot is identical to the previous example.

In general, the reference sphere may bevdren perspectie from ary point outside the
sphere.



Example 16

Continental United States
Viewpoint is 100° W longitude, 40° N latitude
Distance from the center is 1.2 Earth radius

= ===

plot dist=1.2 title="Continental United States",
"Viewpoint is 100\(. W longitude, 40\(. N latitude",
"Distance from the center is 1.2 Earth radius’’;

input file="sphplt.map';
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5.17 Examplda.7

Example 17 plots the results of a simulation of the precession of a spinning spacecraft
using axial thrusters. The data is contained in a C binary file, "reor.dat", comprising the
time (in seconds from start) and the corresponding right ascension and declination angles
defining the direction of the spacecraft angular momentum vector.

In the initial actions, the data is read in and the [@gbut parameters and flags are
restored to their defaulalues. Additionallythe simulation time values are s@rted to
minutes using thealc action.

Theselectaction specifies that azimuth values are to be taken from the second position in
each record in the data file, while wdgon angles defining the cuevare obtained from

the third plot ector Since the radial distance parametgris unspecified, the resultant
curve is dawn on the surface of the reference sphere by default.

The selectaction also specifies that the initial and final points of theechevanotated
and that tick marks be placed at 5 minute intervals along the curve.

The plot action causes the selected @ute be potted on the specified reference sphere
with an appropriate title.

The final action indicates the use of fhe flag, inches in the spherical map. If this flag

is specified, then position attutes are interpreted in terms of the horizontal (x) and
vertical (y) coordinates (in inches) rehai o the center of the reference sphete.this
example, the laver left corner of the first character of the string is placed at the same x-
coordinate as the center of the sphere and 2.5 inches ielo



Example 17

Motion of the spacecraft angular momentum vector
during 75° tip maneuver

(86.03,15.14)

time ticks are at 5 minute intervals

read c¢ double file='"reor.dat'" nvar=3;
layout dotted intvl=30 pintvl=90 plat=60 radius=2
azo=80 elo=30;
calc rcl[1] 60 / sto[1]; % convert time to minutes

select az=2 el=3 note(ip fp) ticks(var=1 delta=5);

plot title="Motion of the spacecraft angular momentum vector”,
"during 75\(. tip maneuver'’

put str(pos=0.0,—2.5)="time ticks are at 5 minute intervals' inches;
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5.18 Exampld.8

This example illustrates the capability to wreurves which extend abe te surface of
the sphere.

It should be noted that the program does not scale the size of the reference sphere
according to the data. It is the useresponsibility to insure that the specified radius of
the reference sphere is appropriate for the desired size of the resultant plot.

For this exkample, the data are contained in the file, "orbits.dat". Each record contains the
true anomalyazimuth, eleation and radial distance of each of four spacecratft.

First, the data is read in and the scaletdr is set to 0.8 to reduce the plot to a more
convenient size. Then, four curves are selected by assigning the appropriate column
numbers (position in the plot record) to the parametar®l andd, and a legend string is
assigned for each curve.

In the plot action which follavs, the radius of the reference sphere is set equal to 0.5
inches. Sincd is known that the radius of a geosynchronous orbit is approximately 6.61
Earth radii, this choice will result in a plot which is appropriately sized for the page.

The attributes of thelot flag, legend, are used to place the legend block at avenient
point avay from the reference sphere. Note that the x and y coordinates of thelefpper
corner of the legend block are described in inches vel&ithe center of the sphere.

Additionally, the attributes of th@lot parametertitle, are used to increase thenrtical
space between the title and the center of the sphere.

Finally, the first point (only) of each cueus dotted on the same reference sphere using a
specified special symbol to indicate the initial position of each spacecratft.



Example 18

Satellite Constellation
Viewpoint: Right Ascension = 65° Declination = 15°

Sun synchronous
( N Molniya: node at 270°
Molniya: node at 0°
Geosynchronous
N

read c single file="orbits.dat” nvar=16;
layout factor=0.8;

select az=2 el=3 d=4 legend="Sun synchronous'’

select az=6 el=7 d=8 legend="Molniya: node at 270\(.";
select az=10 el=11 d=12 legend="Molniya: node at O\(.";
select az=14 el=15 d=16 legend="Geosynchronous";

plot azo=65 elo=15 radius=0.5

legend(x=1.5 y=3.1)

title(y=3.5)="Satellite Constellation’,

"Viewpoint: Right Ascension = 65\(., Declination = 15\(.";

7% put symbols at apogee

select az= 2 el= 3 d= 4 last=1 noline sym§type:03;
select az= 6 el= 7 d= 8 last=1 noline sym(type=0
select az=10 el=11 d=12 last=1 noline symgtypezog;
select az=14 el=15 d=16 last=1 noline sym(type=0
plot same;

)

)
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5.19 Exampld.9

This example illustrates the transformation of input data points from rectangular
Cartesian to spherical coordinates.

The file, "sts.dat", contains successiime values and x, y and z inertial position
coordinates (km) corresponding to a typical Space Shuttle orbit. heddection, three
extra plot vectors are allocated to store the corresponding azimuviati@beand radial
distance values which are computed from these position coordinates.

In the firstcalc action, for comenience, the time values are werted from seconds to
minutes from start.In the subsequertalc action, the following relations are used to
determine the azimuth, efgion and radial distance from the rectangular coordinate
values.

az= RTDx Tar,(y, X)

el = RTDx Sin(z/r)
where
r=VRT A2
and
d =r/RADIUS

where RADIUS is the radius of the reference sphere in the same units as the position
coordinates. &t this plot, the appropriatealue is the equatorial radius of the Earth,
6378.140 km.

In theselectaction, the radial distance parametgiis unspecified so that the orbital path
is drawn on the surface of the reference sphéiditionally, tick marks are specified at
five-minute intervals along the curve.

Finally, the plot is drawn from the perspeid a viewpoint over the Atlantic Ocean and
appropriate annotation and the world geopolitical map is added for reference.



Example 19

time ticks are at 5 minute intervals

read c single file="sts.dat" nvar=4 nextra=3;
layout factor=1.0;

calc rcl[1] 60 / sto[1]; % convert time to minutes

calc rcl[3] rel[2] atan? rtd * sto[5] % azimuth

rcl[2] xsq rel[3] xsq + rcl[4] xsq + sqrt sto[7] % radial distance (km)
rel[4] rel|7] / asin rtd * sto[6] % elevation

rel[7] 6378.14 / sto[7]; % radial distance (radii)
select az=5 el=6 ticks(var=1 delta=5);

plot azo=-40 elo=10
title="Space Shuttle Ground Track";

put str(pos=0.0,—2.5)="time ticks are at 5 minute intervals" inches;

input file="sphplt.map';
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5.20 Exampl0

This example illustrates some of that options in the spherical magrirst, a reference
sphere is dman. Thisis required for alputactions which refer to the sphere.

The put flag, box produces, by default, a quadrilateral whose sides are formed by
segments of great circles. The minimum angular separation oféihecal sides of the
box is determined by the parameter atttéywid, while ht gives the minimum angular
separation of the horizontal side$he resultant figure circumscribes, for example, the
field-of-view of a scanning instrument mounted on a double gimbal mechanism with
elevation as the inner gimbal degree-of-freedom and azimuth as the outer.

The center of the box is determined by tleeter parameter attnitbe, pos The input is of
the form,pos= az, € [, d], whereaz and el are the azimuth and eftion values in
decimal degrees ardlis the radial distancelf d is not specified, the box is drawn on the
surface of the spherd € 1).

The put flag, arrow, may be used to dwaan arow between tw points relatve © the
sphere arif the put flag, inches is gecified, ag two points on the page. The flag
attributes arc (default) andray, determine whether the aroshaft is a segment of a great
circle or a straight line. Note that if a great circéc] is ®lected, the radial distance
values of thefrom andto attributes must be the same.

If the put flag, deg is gecified (default), theut flag, circle, causes a small circle to be
dravn on the reference spher&he position of the center of the circle is specified by the
vector parameter attrilie, pos and the angular radius is determinedrbyl. The result is
drawn in perspeate relative o the selected viewpoint.

If the putflag, inches is gecified, then the result put actions is essentially the same as
in the Cartesian mapMoreover, in this case, the position attributgso§ from, to) are
interpreted in terms of horizontal (x) andrtical (y) coordinates in inches reiatito the
center of the sphere and the input format is of the fpws= X, y. See the Reference
Section for a more complete discussiompofoptions in the spherical map.



Example 20

Sensor Field—of—view and Interference Region

plot azo=20 elo=20
title="Sensor Field—of—View and Interference Region'’

put box(pos=0,0 wid=60 ht=60 type=1);

put arrow(from=0,0,0 to=0,0,1.5 ray):
put arrow(from=0,0,1 to=-30,0,1 arc);

put str=" 30\(.";

put arrow(from=0,0 to=0,30);

put str="" \(-\(—\(—30\(.";

put circle(pos=80,0,1 rad=30);

put arrow(from=80,0,0 to=80,0,1.5 ray);
put arrow(from=80,0,1 to=60,22.8381,1);
put str=" 30\(.";

put box(pos=-3,2.5 wid=6 ht=5) inches;
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5.21 Chaacter Sets

Data for four of the fonts used in McPlot, specificalhe Roman, Italic, Sans-serif and
Script, as well as the Compound Greek/mathematics font, were obtained from a
distribution of the Hershefonts by the Usenet Font Consortium.

The format of the font data in this distribution, which differs from the format dig&ib
by the U.S. NTIS, was originally created by

James Hurt

Cognition, Inc.

900 Technology Park Dre
Billerica, MA 01821

The Hershg fonts are digitized fonts originally created by. Br V. Hersheg at the U. S.
National Bureau of Standard3.hey are suitable for typographic quality output onyan
vector device, when used at an appropriate sca#lecomplete listing of the fonts, which

are in the public domain, may be obtained by ordering NBS Special Publication 424, "A
contribution to computer typesetting techniques: Tables of Coordinates for Msrshe
Repertory of Occidental Type Fonts and Graphic Symbols".

For use in McPlot, minor modifications were made to certain non-alphanumeric
characters, the character setswe-ordered and the format of the data was restructured so
that it differs from both the NTIS and Usenet Font Consortium distributions.

The next tvo pages provide samples of thediwcPlot fonts and an example of the
ASCII character set, additional mathematical symbols, Greek letters, special centered
symbols and line types currentlyadable in McPlot.



Sample McPlot Fonts

This 1s McPlot font number O (Simple, equal spacing).
Each character 1s formed on a basic OX/ matrix.

This font requires the fewest number of strokes and
provides the greatest clarity on low resolution devices.

This is McPlot font number 1 (Roman, proportional spacing).
A more complex font, it requires approximately three times as

many strokes as the simple pen plotter—type font, but the
result is somewhat more pleasing to the eye.

This is McPlot font number 2 (Italic, proportional spacing).

Proportional spacing provides a better appearance; however,
one 1is never sure where a sentence will end up!

This is McPlot font number 3 (Sans—serif, proportional spacing).

Assertive, but not pushy, this font allows a clear, unpretentious
expression of ideas.

"Dear, dear Fohn, F'm serry lo have lo bo the one lo lell you this...."

Example of the Simple Greek/mathematics font associated
with font number O:

EkTige tnv oanbela. Ep = mcl.  Muirate EANNV IKO, BXETW.

Example of the Compound Greek/mathematics font associated
with fonts 1 — 4:

ExTipw ™y oaandeia. E, = mc®. Mate eAA\nuika, BAeTw.




McPlot ASCII character set (Font 1):

MAEZ& ()*+,—./0123456789:;<=>2@

ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]"_*

abcdefghijklmnopqgrstuvwxyz§|{~KX

Additional mathematical symbols:

# o VX +d [ =V <X > ° 0123456789

Greek alphabet:

ABYOENVLKAUVEOTTPO TV XY W

ABI'AEZHOIKAMNZOIPETTOX ¥ ()

Special centered symbols (0 — 17):

O A 0O+ X O & X Z Y X X X | -

Line types:

02O OV W~ O

I+
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6. CUSDMIZING THE PROGRAM

Proper selection of default values for input parameters allows the user to generate
relatvely complex plots with a minimum of input. McPlot allows the user to specify
nearly all of the program defaults through the environment.

To uilize this feature, the user may edit hisgin or .cshrcfile and add the appropriate
setenvcommands. &r example, the foling C-Shell commands will makthe deéult

data file name, "mydata”, the deft record length, 12, and cause the date/time of the plot
to be drawn automatically:

seten JPFILE mydata
seten JPRECL 12
setenr JPTIME yes

In the Bourne Shell, the same result is produced by the sequence of commands,

JPFILE=mydata

JPRECL=12

JPTIME=yes

export JPFILE JPRECL JPTIME

In order to &oid confusion, all of theenvironmentvariables which McPlot recognizes
begin with the letters, JRand must be written using upper case characters. ofe
values assigned to them must beegiin lower case.

Table | gives the names of the environmerariables which are accepted by McPlot, their
default values and a brief descriptiorPermitted alternates ae shown wheneer
appropriate.
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Table I. McPlot Environment Variables

nlot

tion

A

tion

Name Default Description
JPFILE data Default plot data file name.
JPRECL 2 Default number of variables in a plot data record.
JPTYPE ascii Default type of input plot data file
(= ascii | ¢ | gnufor | sunfor | ftn | matlab | acsl).
JPPREC double Default precision of variables in the plot data file
(= single | double).
JPX\AR 1 Default position of the independent (x) variable in a f
record (Cartesian map).
JPTIME no Put the date/time on each plot page by default
(= yes | no)?
JPTIMX 0.35 Default x-coordinate of the start of the date/time annota
in inches relatie o the lower left-hand corner of the page.
JPTIMY 0.5 Default y-coordinate of the start of the date/time annota
in inches relatie © the lower left-hand corner of the page.
JPTSIZ 0.1 Default character size of the date/time annotation (in).
JPTANG 90.0 Default angle of the date/time annotation in degrees vel

to horizontal. Positve angles result in counterlockwise

Ati

rotations, ngaive angles yield clockwise rotations.
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Table I. (Continued)

Name Default Description

JPTENT 0 Default font number for date/time annotation (O - 4).

JPGRID no Draw a gid on a (Cartesian) plot by default (= yes | no)?

JPGDO yes Use dots (vs. dashed lines) to form grid lines (= yes | np)?

JPGMIN no Grid minor axis subdivisions as well as majovisions (=
yes | no)?

JPGTYP 0 Default line type to use for gridding (O - 8).

JPSINT 1 Nominal interval between special (centered) symbols in
terms of points along the curve.

JPNDEC 2 Nominal precision (number of decimal places) in numerical
annotations.

JPYSTK 1 Nominal number of plots stacked vertically on a page.

JPXSTK 1 Nominal number of vertical columns of plots on a page.
(The default for the total number of plots on a page ig the
product of JPYSTK and JPXSTK.)

JPCHHT 0.1 Nominal character size (in) used for labels, strings, etc.

JPNUHT 0.1 Nominal character size (in) used for numerical annotations.

JPSSHT 0.1 Nominal special (centered) symbol size (in).

JPFONT 0 Nominal character font number (0 - 4).

JPRACT 1.0 Default plot scale factor.
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Table I. (Continued)

Name Default Description

JPYDEL 1.0 Nominal vertical space between plots (in).

JPXDEL 15 Nominal horizontal space between plots (in).

JPXORG 15 Default x-coordinate of the origin of the first plot on a page
in inches relatie © the lower left-hand corner (Cartesian
map).

JPYORG 1.0 Default y-coordinate of the origin of the first plot on a page
in inches relatie © the lower left-hand corner (Cartesian
map).

JPXLEN 6 Nominal Cartesian x-axis length (in).

JPYLEN 4 Nominal Cartesian y-axis length (in).

JRAZDF 1 Default position of the azimuthaviable in a plot record
(spherical map).

JPXCEN 3.0 Default horizontal (x) coordinate of the center of the first
reference sphere on a page (spherical map) in inches
relative o the lower left-hand corner.

JPYCEN 3.0 Default ertical (y) coordinate of the center of the first
reference sphere on a page (spherical map) in inches
relative o the lower left-hand corner

JPSRAD 2.0 Default reference sphere radius in inches (spherical map).
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Table I. (Continued)

Name Default Description

JFRAZOB 0.0 Default azimuth (deg) from which the reference sphere is
viewed (spherical map).

JPELOB 0.0 Default eleration (deg) from which the reference sphere is
viewed (spherical map).

JPDIST 1.0e10 Default distance (in terms of the reference sphere radius)
from which the sphere is viewed (spherical map).

JPINTV 30 Default interval between latitude and longitude lines on|the
reference sphere (gg Note: JPINTV must be in the
range, 0< JPINTV <180 and divide @enly into 180.

JPITVP 90 Default interval between longitude lines near the pole of the
reference sphere (dg¢ Note:JPITVP must be a multiple
of JPINTV Q < PITVP<180 and divide @enly into 180.

JPLATP 60 Default latitude (deg) at which the interval between
longitude lines on the reference sphere becomes JPITVP
Note: JPLATP must be in the ran@e< JPLATP< 90, a
multiple of JPINTV and dividewenly into 180.

JPDOG yes Draw longitude and latitude lines on the reference sphere
grid using unconnected dots (= yes | nd)Pois selected
solid lines are used.

JPSPTS 201 Default number of points in cubic spline interpolation.

JPORPG portr Default orientation of plots on a page (= portr | lands).
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7. REFERENCE

This section contains a description of the possible McPlot actidnsomplete list of
actions may be obtained by entering He#p command at the topvel prompt, >. The
resultanthelpscreen is shown beio

McPlot: Version 4.5
Copyright (C) 1989, 1991 - 1993 by James McEnnan

McPlot is free software and may be redistributed

under the terms and conditions of the GNU General Public License.
McPlot comes with ABSOLUTEY. NO WARRANTY.

For complete terms and conditions, see the GNU General Public License
included with this distribution.

> help
McPlot commands are:

quit
help
save
Isystem command

Possible actions include:

input
read
calc
map
layout
select
plot
put

This list also indicates the normal sequence of actions which areyadyw generate a
plot. Thereare no restrictions, ligever, so that actions in McPlot may be entered ity an
order, and may be repeated as mpaimes as desired.



-79-

7.1 INPUT

The input action allows plot description elements to be inserted into the input stream
from a named file. The help screen for this action is showmbelo

input> help

For the action, input, current parameters (attributes) are:
file

and current flags (attributes) are:

NONE

7.1.1 Rrameters

The input parameterfile, determines the name of the file from which user input will be
read. Thidile may contain anvalid McPlot commands or actions, including othmgut
actions. Thusjnput actions may be nested. At present, the maximum depthpot
levels is five. If more than Snput statements are nested, a warning is directexiderr
and user input is continued from the current input stream.

Upon reaching thend-of-file control reverts to the input stream from which tlrgput
action was inoked.

7.1.2 Scope

The parametefile, does not retain its value after thgut action is completed. If no file
name is specified, no action is performed.
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7.2 READ

The read action is used to read into memory the matrix of data to be plotted. The help
screen for theead action is shown bela.

read> help
For the action, read, current parameters (attributes) are:
file nvar nextra

and current flags (attributes) are:

ascii c

gnufor sunfor

decfor matlabfame )
acsl binary

single double

7.2.1 Rrameters

Theread parameterfile, gives the name of the plot data file to be read in; its defalltes
is "data" in the uses’aurrent directory.

The integer parametenvar, is the number of variables (plot vectors or columns of the
data matrix) in a record. Its daflt value isnvar =2. Asnoted pregiously, nvar must be
specified, if different from the default value, for all ASCII, C artfan plot data files

since there is, in general, no way to determine the record length in these cases from the
file itself. For Matlab or ACSL files, the length of a record is provided in a header record
and the parametanmyar, is ignored.

If additional space is desired to store the resultsabf actions in memorythen the
parametenextramust be set equal to the number of extra variables desired. Tddtdef
value fornextrais 0.

7.2.2 Flays

The read flags are used to select the appropriate plot data input format. The default is
doubleprecision ASCIIl. Other possible choices acgbinary), gnufor, sunfor, decfor,
matlabor acsl and doubleprecision (referring to C or Fortran binary). The flagary

is a synonym for C binary.

In the case of Matlab files, McPlot will read the first matrix contained in the file by
default. Ifthere is more than one matrix in the Matlab file, the user may specify the name
of the matrix to be read in by using the string parameter atitipame of the flag,
matlah
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7.2.3 Scope

Only one file may be stored in memory ay ame. However, there are no limits on the
number of different files which may be accessed, so that the userxaraige theread
action as often as required.

Readflags and parameters (except famg retain their values from onewaocation of
the read action to the nd. Thus,to access data from ymumber of files having the
same format, only the file name must be specified (if different) after the first read action.
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7.3 CALC

Thecalc action is used to transform data before plotting. Plot vectors (variables) may be
added to or subtracted from, multiplied or divided by constants or otheragslables; in
addition, trigonometric, and warse trigonometric, exponential and logarithmic functions
are aailable for more general transformationhus, thecalc action provides essentially

all features found in a full-function scientific calculator.

The operating logic of thealc action is ery similar to that of the Hdett-Packard line

of calculators, with certain differences noted beldt is based on a mathematical logic
knowvn as "Polish Notation," dreloped by the noted Polish logician Jaokasiewicz
(1876-1956). Whilecorventional algebraic notation places the operators between the
operands,Liikasiewiczs rotation specified the operators before the operandse
current comention is to reerse the order so that the operators are specified after the
operands; hence the term Rese Polish Notation" (RPN).

RPN permits complicated calculations in a straightBvmannerwithout parentheses

or punctuation, by automatically retaining and returning intermediate re3ilessystem

is implemented by means of an internal memory stack with four registers,2and T.

In McPlot, these registers are actually one-dimensional arrays whrehoban allocated
enough space to hold an entire plettor Any number that is encountered in the input
stream or results from thexeeution of a numeric function is placed in the X-register on
an element by element basis. This placement may caasers already in the stack to

lift, remain in the same register or drop, depending on the preceding and current
operations. ¥ctors on the stack are stored on a last-in, first-out basis.

Note that, unlie the HP calculatorthere is no separate ENTER operatiorhus, the
input stream

calc>1234

will cause the Tregister to be filled with a plot vector consisting of .@he number of
elements equals the number of records read in), the Z-register with 2.0'srelyestér
with 3.0’s end the X-register with 4.8 If the abee input is followed by

calc>/

then as a result of this operation, the X-register contains the quotient ofrdggstér
divided by the X-rgister a vector consisting of 0.75’s, the-régister contains 2.8, the
Z-register contains 1.6’ and the Tregister contains 4.8, which were the pwous
contents of the X-igister Note that, unlik HP @lculator logic, the stack in McPlot is
not popped after an operation; instead, the stack is rolld.d®hefact that the stack is
cyclic in McPlot is the major diérence between thealc operation and the usual HP
logic. Inpractice, howeer, this should not cause yapparent differences in operation.

7.3.1 Constants

At present, there are three predefined constants ioallcection:pi (= 3.1415...)std (=
180/7), the comersion from radians to degrees, adtl (= 77/180), the comersion from
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degrees to radians.These may be used in the same manner as explicit constants
(numbers) entered by the usé&or example, the input

calc> rcl[1] rtd *

will recall the contents of the first plotegtor and multiply each element by the
corversion from radians to degrees.

7.3.2 Stak Operations

There are three operations for manipulating the stagk(roll up), rdn (roll down) and

exy (exchange X- and ¥Yegisters). Thesenay be used to position vectors for subsequent
operations. Irthe calc action, only the X- and -Yegisters are utilized by the current set
of unary and binary operations.

7.3.3 Changindoata

Operations on the stack are completely independent of the plot data stored in memory
The only way plot data can be changed is through the operattnsecall) andsto
(store). Thanput stream,

calc> rcl[4] 3600 / sto[4]

has the following déct. Thefourth column of input plot data is copied into the X-
register of the stack. Then, a vector consisting of 3680Dfut into the X-register and

the original contents of the X-register are pushed onto tfegigter Next, the ¥register

is divided by the X-register on an element-by-element basis and the result is placed in the
X-register Finally, the contents of the X-register are copied into the memory locations
previously occupied by the fourth column of input daféhe result is thatvery element

of the fourth column of input data is divided by 3600.0. Note that, in this case, the
original data alues are changed as a result of gteeoperation. Ifthe sto operation is
omitted, the original data is unchangedote also that, after sto operation, the stack is
rolled down so that the sequence

calc> sto[1] sto[2]

will store the contents of the Xggster in plot vector 1 and the contents of theeYister
in plot vector 2. This differs from the usual B operation, which does not affect the
stack.

If extra space has been allocated in the data block bye#toeaction fiextra> 0), then
the results of calculations may be stored in these locations by the same mechanism.
Thus, the input sequence

read file="data" var=4 nextra=1;
calc rcl[1] 3600 / sto[5];

will result in five ot vectors; the original four unchanged and a fifth which is obtained
from the first by dividing each element by 3600.0. This fifth plecter may
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subsequently be used for plotting on the same basis as the other fowggbbos which
were originally read in.

The current help screen for thalc action is shown belw and a summary description of
the available operators is gen in Table II.

calc> help

For the action, calc, associated operators are:

rcl sto rup rdn &y

+ - * / sqrt
indx abs chs irv Xs(q
sin cos tan log log10
asin acos atan a&p YPONX
atan2 Xymax  xymin upper lower
ymodx floor cell sum mean

and aailable constants are:

pi rtd dtr
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Table Il. McPlotcalc Operators

oper ator

description

rcl

Syntax: rcl [variable_numbel -- copies the plot vector specified K
variable_numbemto the X-register.

Yy

sto

Syntax: sto [variable_number] -- copies the contents of the X

register into the plot vector specified \mgriable_number

N

rup

Rolls the stack upsothat X ->Y ->Z ->T -> X.

rdn

Rolls the stack downsothat T->Z->Y -> X ->T.

exy

Exchanges the contents of the X- and Y-registers so that X <--> Y.

Adds the contents of the X-register to the contents of tregjigter on
an element-by-element basis. The stack is then rolled down sg¢
the result is placed in the Xgmster The original contents of th
Y-register are lost.

) that

a)
-

Subtracts the contents of the X-register from the contents o
Y-register on an element-by-element basis. The stack is then 1
down so that the result is placed in the Xjister The original
contents of the Y-register are lost.

f the
olled

Multiplies the contents of the-Mgister by the contents of the >
register on an element-by-element basihe stack is then rolle
down so that the result is placed in the Xjister The original
contents of the Y-register are lost.

=

Divides the contents of therggister by the contents of the Xgister
on an element-by-element basiEhe stack is then rolled down so th
the result is placed in the Xgmster The original contents of th
Y-register are lost. If an element of the Xgigter is zero, the result

at

set to zero and an error message is writtestderr.
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Table II. (Continued)

operator description
sqrt Replaces each element of the Xjister by its square root. If an
element of the X-mgister is ngative, the result is set to zero and an
error message is written soderr.
indx Rolls the stack up and replaces the contents of the X-register with the
sequence: { 0.0, 1.0, 2.0, 3.0, .nuber_of records 1) }
abs Replaces each element of the X-register by its absolute value.
chs Changes the sign of each element of the X-register.
inv Replaces each element of the X-register by uterge. If an element i$
zero, the result is set to zero and an error message is writsésheto
Xsq Replaces each element of the X-register by its square.
sin Replaces each element of the X-register (radians) by its sine.
cos Replaces each element of the X-register (radians) by its cosine.
tan Replaces each element of the X-register (radians) by its tangent.
log Replaces each element of the X-register by its naturatitbgn. Ifan
element is non-posite, the result is set to zero and an error message
IS written tostderr.
log10 Replaces each element of the Xister by its common Iagithm. If
an element is non-posig, the result is set to zero and an error

message is written tetderr.
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Table II. (Continued)

oper ator

description

asin

Replaces each element of the Xjister by the principal value of the

inverse sine (radians)lf the magnitude of an element is greater tf
one, it is normalized before thevamse sine is produced and an er
message is written tstderr.

nan
for

acos

Replaces each element of the Xister by the principal value of t
inverse cosine (radians)lf the magnitude of an element is gre
than one, it is normalized before theearse cosine is produced and
error message is written stderr.

e
er
an

atan

Replaces each element of the Xjister by the principal value of the

inverse tangent (radians).

exp

Replaces each element of the X-register by its exponential.

YPOWX

Replaces each element of theegister by the element raised to t
corresponding X peer. The Yregister is then rolled den so that the
result is placed in the X-gester The original contents of th
Y-register are lost.If both elements are zero, the result is set to 2
and an error message is writterstderr.

[}

7ero

atan2

Replaces each element of theregister by the appropriatealue
(radians) of the werse tangent of (Y/X) depending on the quadr
and then rolls don the stack so that the result is placed in the
register The original contents of the-iégister are lost. If both
elements are zero, the result is set to zero and an error mess

ant

age is

written tostderr.
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Table II. (Continued)

oper ator

description

Xymax

Replaces each element of theregister by the larger of th
corresponding elements in the X- andegisters. Thestack is then
rolled down so that the result is placed in the dister The original
contents of the Y-register are lost.

11°}

Xymin

Replaces each element of theregister by the smaller of th
corresponding elements in the X- andegisters. Thestack is then
rolled down so that the result is placed in the dister The original
contents of the Y-register are lost.

[}

upper

Replaces each element of the Xister by the least upper bound
the elements in the X-register.

of

lower

Replaces each element of the X-register by the greatest lower |
of the elements in the X-register.

pound

ymodx

Replaces each element of therggister by the remaindef, with
respect to division by the corresponding element of thegi&ter,
such thaty =ix + f for some intger, i, |f| <|y|, and the sign of is
the same as the signf If X is zero, y is unchanged. Therégister
is then rolled dan so that the result is placed in the Xjister The
original contents of the Y-register are lost.

floor

Replaces each element of the Xister by the largest integer n
greater than X.

ceil

Replaces each element of the Xister by the smallest integer npt

less than X.

sum

Replaces each element of the Xister by the corresponding eleme
of the cumulatie am, comprising the sum of the current element
the preceding element of the suffor the first element, the precedir
element is zero.

nt
and

19

mean

Replaces each element of the X-register by treeage value of the
elements in the X-register.
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7.4 MAP

The mapaction is used to specify the interpretation of data and the plot georiéiey
help screen for thenapaction is shown bela

map> help

For the action, map, current parameters (attributes) are:
NONE

and current flags (attributes) are:

Xy sphere

7.4.1 Flas

The mapflags are used to specify the interpretation of data and the plot geormbey
default is xy. In this mapping, hereafter referred to as the Cartesian map, input data
points are interpreted as rectangular Cartesian coordinates of a plaeeacdnrare
plotted conentionally asy versusx.

Selection of thenapflag, sphere results in the interpretation of data elements in terms of
spherical polar coordinates of a point in spacais will subsequently be referred to as
the spherical mapThe resultant plot is referenced to a unit sphere as seen from the
perspectre d a gecified observer.

For each mapping, appropriate changes are made invtil@tze layout select plot and
put parameters and flags.

7.4.2 Scope

A selected mapping is retained until it is changed in a subsemqag@ction.
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7.5 LAYQUT

Thelayoutaction is used to determine the @t size, number and position of plots on a
page, as well as the default font numbsbiaracter size, etc. The particular parameters
and flags which may be specified depend on the selected mapping.

7.5.1 CartesiaMap

The help screen for tHayoutaction in the Cartesian map is shown belo

layout> help
For the action, layout, current parameters (attributes) are:

factor origin axlens stack delta ndec
font symht numht ssht ssint

and current flags (attributes) are:
portr lands

nogrid grid(dot line major minor )
notime time(x y font symht ang )

7.5.1.1 Rrameters

The parameterfactor, may be used to scale all plot dimensions unifornmgluding the
size of characters in annotations. All output drawing motions deetetly multiplied

by the current value dactor. The scale factor may beyareal number greater than zero;
its default value isfactor =1.0. Although the scale factor may be set in thAgout
action, it does not takdfect until the firsplot action. Insome cases, it may be desired
to set the scale factor forpat action before plotting. In this case, the user input,

> plot nox noy;
without a precedingelectaction will effect the desired scale transformation immediately
The next four parameters control the nominal size and position of plots on a page.

The \ector parameteorigin, determines the x (horizontal) and y (vertical) position of the
origin of the first plot (measured in inches) relatio the lower left-hand corner of the
page. Notdhat the position specified lmyigin is absolute; it is not affected by thalwe

of factor. The first component obrigin specifies the x-coordinate and the second
component gies the y-coordinate.To pace the origin at (2.0, 3.0), for example, the input
is

layout> origin = 2.0, 3.0
The comma between x- and y-values is required. The default valugiis= 1.5, 1.0.
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The vector parameteaxlens determines the default x- and y-axis lengths in inches.
Only integer values are actually used. Fractional lengths are rounded to the nearest
integer \alue. Thefirst component ofaxlens specifies the x-axis length; the second
component refers to the y-axis. The default valuexiens= 6, 4.

The next tvo parametersstackand delta are the only vector parameters in McPlot in
which a vertical (y) direction is specified before a horizontal (x) directidhe
parameter,stack is an nteger-alued vector which determines the number of plots
stacled in a vertical column on a page by the number of columns. The default value is
stack= 1, 1, or ane plot per pageTo dbtain three plots on a page, one\abde othey

the input would bestack= 3 (note that it is not necessary to specify the number of
columns in this case)To dbtain three plots placed side by side on a page, the input
would bestack=,3 (hote the comma).To dbtain six plots on a page arranged irotw
columns of three plots each, the inputstack= 3, 2, dc. Plotsare stacked from the
bottom of the page up, and from the left-hand sidextds the right.

The nominal spacing between plots (in inches) is specifietklbgt The first component

of deltadetermines the distance between the end of the y-axis of one plot and the start of
the y-axis (origin) of the nextevtical plot, while the second componentefta controls

the distance between the end of the x-axis of one plot and the start of the x-axis (origin)
of the next horizontal plot. The deflt value isdelta= 1.0, 1.5. The actual distance
between plots as displayed or printed is the input distance multiplied by the scale factor.

The parameteindec sets the default precision (number of places after the decimal) used
in annotating numerical values associated with a curve; e.g., the maximum, minimum or
final value. Itsdefault value i;mdec= 2. The program will attempt to use &format for

these annotations; hever, if the number is too small to be usefully represented with the
specified value ofdecor if it is too large, are format is used.If ndecis less than zero,

the annotation is gen in integer format with no decimal point.

The integer parametefont (O - 4), sets the default font numbédfive different ASCII
character sets are currentlyadable: Simple, Roman, Italic, Sans-serif and Scrifst.
addition, the Greek alphabet and special mathematical symbolsvalabla in two
forms: simple and compound. The compound form is automatically selected for the
Roman, ltalic, Sans-serif and Script fonts (1 - 4). The defatdnis= 0.

The parametersymht sets the default character size used in labels, legends and titles;
annotations of maximum, minimum and finalwes; line tick annotations arult
strings. Theheight from base to cap for upper case alphabetic characters is nominally
symhtinches. Inproportionally spaced fonts, the width is character dependent. In the
Simple font, except for descenders owédo case letters, each character occupies a square
which is nominallysymhtinches on a side. The default value $gmhtis 0.1 inches.

The parameternumht sets the defult size of axis tick marks and axis numerical
annotations, as well as the character size usgoutanumanddatavalues. Similarly the
nominal size of special centered symbols is determinedshy The default value for
these parameters is also 0.1 inches.

The parameterssint controls the default interval (in terms of points on the eyrv
between succes& ecial centered symbols when these are selected to wa drathe



-92-

curve. Thedefault value issint= 1, so hat a centered symbol is drawn aegrg point.
7.5.1.2 Flas

The layout flags, portr and lands control the nominal orientation of pages orvides

which hae the capability to produce output in either portrait or landscape modg; the
have o dfect otherwise. Portrait mode, the delt, has the y-direction along the long
axis of the page, while landscape mode sets the x-direction along the long axis of the

page.
The flag,grid, causes a set of vertical and horizontal grid lines to bemdi@n each plot
automatically The default is not to dvaa gid (nogrid). If the axis scaling is lineathe

corresponding grid spacing will be linear; if the axis is logarithmic, the grid will be
logarithmic. Thehelpscreen for this flag is shown belo

layout.grid> help

For the action, layout, current parameters (attributes) are:
NONE

and current flags (attributes) are:

dot line(type )
major minor

The grid flag attributes,dot, line, major and minor, determine the type and spacing of
grid lines drawn, by default, on each plot.

The flag,dot, specifies that grid lines are composed of closely spaced dots and is the
default. Thedot spacing is currently 40 dpi for major axis divisions and 20 dpi for minor
axis dvisions. Alternatiely, the grid may be made up of dashed lines by selection of the
flag, line. In this case, the line type (0 - 8) may be specified by the parameteutattrib
type The default is a solid lingype= 0).

For linear axes, the flagnajor, specifies that grid lines are drawn only at major axis
divisions (one-inch intervals) and is the al@f. If the grid attribute,minor, is slected,
grid lines are also dven at minor axis divisions determined by the axis scaliRgr
logarithmic axes, grid lines are automatically drawn at minor axisidns, determined
by the axis scaling, and the flagsajor andminor, haveno effect.

The layout flag, time, if selected, causes the date and time of the plot to be written on
each ne page. Thalefault is not to dma the date/time stamm@timeg.

The attributes of the flagime, dlow the date/time annotation to be placed anywhere on
the page at gnangle and with aycharacter size and font. The real parameteendy,
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give the x- and y-position of the start of the date/time string in inchesveekatthe laver
left-hand corner of the page. The default positionrxis 0.3, y=0.5 The intger
parameter attrilte, font, determines the font number used for the date/time annotation,
while the real parameter attute, symht sets the character size (in inche3he deéult

font number is 0 and the character size is 0.1 inclaeg) is the angle (in dgees)
between the horizontal edge of the page and the date/time annoRoisitive values of
angproduce a counter-clockwise rotation. The default value is 90.0 degrees.

Note: the date/time annotation is not affected by the plot scale factor.
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7.5.2 SphericaMap

The help screen for tHayoutaction in the spherical map is shown belo

layout> help

For the action, layout, current parameters (attributes) are:

factor center radius azo elo dist
intvl pintvl plat stack delta ndec
font symht numht ssht ssint

and current flags (attributes) are:

dotted( space ) solid
portr lands
notime time(x y font symht ang )

7.5.2.1 Rrameters

The parameterfactor, may be used to scale all plot dimensions unifornmgluding the
size of characters in annotations. All output drawing motions deetetly multiplied
by the current value dactor. The scale factor may beyareal number greater than zero;
its default value isfactor =1.0. Although the scale factor may be set in thAgout
action, it does not takdfect until the firsplot action. Inthe spherical map, there is no
simple way to set the scale factor before the first plot.

The next eight parameters control the nominal size and appearance of the reference
sphere used for plotting.

The parametercenter is a \ector which determines the x (horizontal) and griical)
position (in inches from the \eerleft corner of the page) of the center of the first
reference sphere drawn on a page. The default valcenier=3.Q 3. 0. Note that the
position specified bgenteris absolute; it is not affected by the valudaaftor.

The parameteradius specifies the radius (in inches) of the reference sphere on which
the data is plotted. The default valugadius=2.0.

The parameter@zoandelo, give the defult azimuth and eletion angles (in degrees) of
the point from which the reference sphere is ole@rvlhedefault values ar@zo= 0.0
andelo=0.0

The parametedist, determines the apparent distance (in units of the sphere radius) from
which the sphere is weed. Thedefault value isdist=1.0e+10, which efectively
places the vi@point at infinity so that a complete hemisphere issghoAsthe vievpoint

is moved doser to the surface of the sphere, the persgedianges so that less of the
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surface is visible, with correspondingly more detail. Notewéwer, that values of
dist< 1.0 ae not allowed.

The integer parameteiintvl, determines the default spacing (in degrees) between
longitude and latitude grid lines on the sphere. The default valoersis= 30. Note that
intvl must be a divisor of 180. The spacing determinethty is efective aly between
latitudes greater tharplat and less tharrplat. Outside this range, the spacing of
longitude grid lines is determined Ipmtvl (see below) and no latitude grid lines are
drawn.

In order to &oid a confluence of longitude grid lines at the poles, the user may specify a
different spacing of longitude lines for latitudes greater thplat or less than-plat.

The default spacing is \gn by the intger parameterpintvl. The default for this
parameter ispintvl =90. Note thatpintvl must also be a divisor of 180 and an gete
multiple ofintvl.

The integer parameteplat, determines the latitude at which the spacing between
longitude grid lines changes fromtvl to pintvl. The default value igplat = 60. Note
thatplat must be in the range, plat < 90, and must be an integer multiple iotvl.

The next tvo parametersstackand delta are the only vector parameters in McPlot in
which a vertical (y) direction is specified before a horizontal (x) directidhe
parameter,stack is an nteger-alued vector which determines the number of plots
stacled in a vertical column on a page by the number of columns. The default value is
stack= 1, 1, or ane plot per pageTo dbtain three plots on a page, one\abde othey

the input would bestack= 3 (note that it is not necessary to specify the number of
columns in this case)To dbtain three plots placed side by side on a page, the input
would bestack=,3 (hote the comma).To dbtain six plots on a page arranged irotw
columns of three plots each, the inputstack= 3, 2, dc. Plotsare stacked from the
bottom of the page up, and from the left-hand sidetds the right.

The nominal spacing between plots (in inches) is specifietelbg The first component

of deltadetermines the vertical separation between the perimeter of one reference sphere
and a subsequent spherevadnaon the same page, while the second componeahe |tz
controls the horizontal separation. The default valueela = 1.0, 1.5. The actual
distance between reference spheres as displayed or printed is the input distance multiplied
by the scale factor.

The parametendec sets the default precision (number of places after the decimal) used
in annotating numericalalues associated with a curve; e.g., the initial or final coordinate
vaues. ltsdefault value isndec= 2. The program will attempt to use &rformat for
these annotations; hever, if the number is too small to be usefully represented with the
specified value ofdecor if it is too large, are format is used.If ndecis less than zero,

the annotation is gen in integer format, with no decimal point.

The integer parametefont (O - 4), sets the default font numbdfive different ASCII
character sets are currentlyadable: Simple, Roman, Italic, Sans-serif and Scrifst.
addition, the Greek alphabet and special mathematical symbolsvalabla in two
forms: simple and compound. The compound form is automatically selected for the
Roman, ltalic, Sans-serif and Script fonts (1 - 4). The defatdnis= 0.
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The parametersymht sets the default character size used in labels, legends and titles;
annotations of initial and final coordinate values; line tick annotationganskrings.

The height from base to cap for upper case alphabetic characters is norsymaltiy
inches. Inproportionally spaced fonts, the width is character dependent. In the Simple
font, except for descenders onvier case letters, each character occupies a square which
is nominallysymhtinches on a side. The default value $gmhtis 0.1 inches.

The parametemumht sets the default character size useddot numand data values.
Similarly, the nominal size of special centered symbols is determinedsbiy The
default value for these parameters is also 0.1 inches.

The parameterssint controls the default interval (in terms of points on the eyrv
between succesd& ecial centered symbols when these are selected to be drawn on the
curve. Thedefault value issint= 1, so hat a centered symbol is drawn ag¢rg point.

7.5.2.2 Flas

The layout flags, dotted and solid, determine the characteristics of the longitude and
latitude grid on the sphere. Selectiondotted the default, results in a sphere grid made
up of individual points placed at regular intervals along the lines of constant longitude
and latitude. This grid style is cesnient for terminal plots in which the small screen
and lav resolution limit the density of points which can be readily distinguisidue
alternatve, solid, results in coventional grid lines.

The integer parameter attute,space of the flag,dotted determines the nominal spacing

(in degrees) between points making up the latitude and longitude lines of the sphere grid.
The range opaceis from 0 to 3. Space= 0 results in a nominal spacing between points

on major grid lines of % dgee, whilespace= 3 gves a pacing of 3 dgrees. The
default value ispace= 2.

The layout flags, portr and lands control the nominal orientation of pages orvides

which hare the capability to produce output in either portrait or landscape modge; the
have ro efect otherwise. Portrait mode, the default, has the vertical (y) direction along
the long axis of the page, while landscape mode sets the horizontal (x) direction along the
long axis of the page.

The layout flag, time, if selected, causes the date and time of the plot to be written on
each ner page. Thealefault is not to dra the date/time stammétime.

The attributes of the flagime alow the date/time annotation to be placed anywhere on
the page at gnangle and with aycharacter size and font. The real parameteendy,

give the x- and y-position of the start of the date/time string in inches fromles left-

hand corner of the pagd.he default position i =0.3%, y = 0.5 The integer parameter
attribute,font, determines the font number used for the date/time annotation, while the
real parameter attritie, symht sets the character size (in inches). The default font
number is 0, and the character size is 0.1 inclaeg}is the angle (in degrees) between
the horizontal edge of the page and the date/time annota@iositve \alues ofang
produce a counter-clockwise rotation. The default value is 90.0 degrees.

Note: the date/time annotation is not affected by the plot scale factor.
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7.5.3 Scope

The parameterdactor, stack delta ndeg font symht numht sshtandssint as well as
the flag,time, refer to the same variables in the spherical map as in the Cartesian map and
may be specified in eithemapaction.

All layout flags and parameters retain their values from lageut action to the nd.
Any parameter or flag which is not explicitly changed retains its previous value.
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7.6 SELECT

The selectaction determines whichaviables will be used to define the curves for the
current plot. Nominally, each cure requires a separatelectaction, so that the first
invocation ofselectdetermines the first curve, the secongbaation, the second cuey
etc. Cunes defined in consecwudi selectactions are scaled together so thay tivél all

fit on the same plotCurrently up to 25 wirves may be selected at one time. It should be
noted, havever, that this limit only applies to the number of cesvwhich may be
considered simultaneously; folling aplot action, additional curves may be selected and
drawn on the same plot.

In general, all variables defining a camust be specified in eadelectaction. Thusfor

the Cartesian map, both the independeamiable,x, and dependentariable,y, must be
specified; in the spherical map, the azimudl, eevation, el, and (optionally) the
distanced, are required. However, the program does provide default values for certain
parameters; e.gxin the Cartesian map arma in the spherical map, which arevoked if
these parameters are napkcitly assigned values by the usedn the other handy in

the Cartesian map ared in the spherical map remain undefined unless specified by the
user The program determines the number of curves tavdra the current plot by
looking for the first undefinegor el value. Thusa selectaction in which theseariables

are not specified will result in a null plot.

Normally, an nternal variable representing the current eumvmber is incremented each
time theselectaction is ivoked. Afteraplot action, this curg number is reset to 1The
user may also specify the cermumber by following theselectkeyword with an intger
denoting the number of the cerdesired. Br example, if the following series is input

> select y = 20;
> selecty = 31;
> selecty = 22;

and it is desired to change the dependent variable specified for the second curve, the
subsequent input would Yate form:

>gselect 2y = 21;

Note that this mechanism resets the internal variable which contains the current curv
number so that if it is desired to continue with the fourth eumvihe abee example, the
nextselectshould hae the form:

>selectdy =17,

otherwise, thegy parameter value for thtird curve would be changed.

This construction is primarily intended to provide a mechanism for correcting mistakes in
previous input and should be used with caution since ecglotting stops at the first
undefined dependent variabjepr devation variable el.

It is possible to shortcut cuevelection for simple plotsThe effect of multipleselect
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actions is to increment an indanto selectparameter and flag array$he comma toén
has the same effect, locallyn the right-hand side of a parameter assignment, so that the
result of the sequence:

> selectaz = 14 el = 27;
> select az = 15 el = 28;
> select az = 16 el = 29;

may also be obtained by the input
> select az = 14, 15, 16 el = 27, 28, 29;

Note, havever, that the comma token may only appear on the right-hand side of
parameter assignments. Hence, gedectaction includes flags; e.@lip, noteor ticks it
is necessaryo use multipleselectactions to specify the curves.

7.6.1 Scope

The scope o$electparameters and flags is the currseliectaction only Any parameter
or flag which is not explicitly specified assumes its default value.

7.6.2 DataCompression

Normally, in the Cartesian map, the number of points in each selected isurduced
before plotting by applying the Fan Data Compression Algorithim*this method,
intermediate points which lie within a specified distance from a straight line connecting
adjacent points are eliminated from the pleictor The criterion for elimination is
dependent on the resolution of the output device and is chosen automatically by the
program. Byconstruction, the resultant curve, as plotted, is indistinguishable from the
original. Thereduction in plotting time and size of output print files can be quite
dramatic, particularly for dense plot datlowever, certain options require omission of

the data compression stephese will be indicated in the descriptionsefectparameters

and flags which follows.

Note that data compression is nesikable for the spherical map.

*  "Faster Plots by & Data Compression”, R. Aowell and D. D. McNeil, IEEE Computer Graphics
and Applications, March, 1989.
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7.6.3 CartesiatMap

The mainhelpscreen for theelectaction in the Cartesian map is shown belo

select> help
For the action, select, current parameters (attributes) are:

X y first last start end
skip legend

and current flags (attributes) are:

line( type ) noline

nosym symgype intvl )

noclip clip(noxx nyvy)

nonote notefiofv fv nomax max nomin min)
noticks ticks(var delta nonote note )

noebars  ebarsfar wid skip )

7.6.3.1 Rrameters

For each curve, the independent variable is determined by assigning to the parameter
the inde of the \ariable in the plot record (data column numbeS8imilarly, the
dependent variable is determined by assigning to the parameter appropriate column
number The default value fox is the last slue assigned for the current plot or 1, while
the default alue fory is undefined. Curve gotting stops at the first undefined
parameter &lue, so that a null plot may be obtained by selecting no data and drawing no
axes (see the discussion of fiiet action).

In addition to the ariable numbers, the user may spedifiylependently for each cluay

the first and/orlast record(s) to be plotted and/or tiseart and/orend value(s) of the
independent ariable. Thedefault is to plot all of the data points in each @urif the

first and/orlast record is specified, the axes will be scaled according to the data in the
included records onlylf a start and/orendvaue is input, the range of the independent
variable will be less than or equal to the prescribed range, within the range specified by
thefirst and/orlastrecords, and the axes will be scaled accordinffl}he specified alue

of start is greater than the largest value of x,emrdis less than the smallest value, a
message will be printed atderrand the entire cue/(between the curreriirst andlast
records) will be drawn.

If a portion of a curg is ®lected using the parametefsst, last, start or end the
maximum, minimum or final values used for annotation are velati the selected
sgment. Thisallows the user to determine local extrema or the value of the dependent
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variable at a particular point.

The integer parameteskip, determines the interval between points in the plettor

which are actually used to dvahe cune. For example, ifskip= 2, then only the first,

third, fifth, ..., points in the input data are used tondtiae cune. Note,however, that
scaling of the axes, data smoothing and the maximum, minimum and final values used for
annotation are determined from all of the points in the selected gitdre and are not
affected by the value dadkip. The default value iskip=1 so hat every point is used.

User input ofskip> 1 results in the omission of data compression for that curve.

In general, unless there is a compelling reason (see, for instance, Example 5), use of the
skip parameter should bevaded. Thefan data compression algorithm, which is
automatically inoked in McPlot, offers the simplest and most efficient means of reducing
the number of points required to dra particular curve.

Finally, alegend string may be associated with each eufior annotation. The position of
the legend on the plot and other attributes may be specified piotreection.

7.6.3.2 Flas

There are four possible representations of esiim McPlot. These are determined by the
flags,line/nolineandsynminosym The permutations are:

« line and nosym (the de#ult). In this case, solid or dashed lines arewdra
connecting the points on the carand data compression is empéal. Bydefault,
the line type starts at 0 and is automatically incremented for each subsequent curv
selected. Théne type is reset to zero when awnglot is initiated.

« line andsym In this case, one of the special centered symbols is placed at points
along the cure and a line is drawn connecting the poinfSata compression is
omitted. Theinterval (number of data points) between special symbols may be
specified by the userBy default, a solid line type = 0) is wsed to connect the
points. Thesymbol type starts at O and is automatically incremented for each
subsequent cuevelected. Thesymbol type is reset to zero when avngot is
initiated.

+ nolineandsym One of the special centered symbols is placed at points along the
curve and data compression is omitted. The interval (number of data points)
between special symbols may be specified by the iByedefault, the symbol type
starts at 0 and is automatically incremented for each subsequeat ®lgoted.

The symbol type is reset to zero when & piot is initiated.

« nolineandnosym In this case, a dot is placed at each point on theecany data
compression is not applied.

The line type of each cuevmay be specified by means of the integer parameterwtyib
type of the flag,line. If the line type is not specified by the yshe default value is
emplo/ed as described ab® Smilarly, the attritutes,type andintvl, of the flag,sym
allow the specification of the symbol type and the irdefmumber of points) between
symbols. Ifthe symbol type is not specified, the default value is eyedl@s described
above. The default forintvl is the current value of thglot parameterssint if specified;
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otherwise, the value of the correspondiagout parameterif specified; otherwise the
program default alue {ntvl =1) is used.
7.6.3.2.1 Clipping

The selectflag, clip, offers a means to eliminate outliers in the dathe help screen for
this flag is shown bela

select.clip> help

For the action, select, current parameters (attributes) are:
NONE

and current flags (attributes) are:

nox X(max min)
noy y( max min)

If clipping is selected, then as the data is plotted thenldapen” is "raised" whener
the walue of a coordinate of a point on the @img aitside the range specified by the
maximum and/or minimumalues. Thedefault is not to clip foclip). It is possible to
clip eitherx or y or both; the defult is neitherijoxandnoy). Notethat data compression
is not applied if clipping is woked.

If clip is selected, scaling of the cenakes into account the maximum and minimum
vaues specified, independently for each axis, by the ategimaxandmin. If no value

is given for eithermaxor min, then all of the data is plotted without clipping for that
coordinate, unless the axis scale and offset are prescribed by the useya alsgon. In
that case, the cuewull be clipped at the boundary of the plot.

For example, to clip alues of the dependent variable corresponding to a particulag curv
at a maximum value of 10.0, the input stream would include

select> clip( y(max = 10.0))

Note that the maximum, minimum or final values used for annotation of the aermot
affected by clipping; the actualiues for the entire cuevae produced, gardless of
whether clipping is selected.

Either clip(x) or specification of thérst and/orlast record(s) and/or thstart and/orend
vaue(s) of the independent variable offer a means to select a particgiaerseof a
curve for plotting. The difference lies in the follang. Whenclipping is selected, the
position of @ery point in the complete cuevis @mputed and the point is plotteccept

that points outside the clipping boundary are plotted with "pen Agitlitionally, data
compression is suppressed. On the other hand, if the paranfiesg¢rigst, start or end

are used to delimit the curvegment, only the specified records are considered, and data
compression is applied. Hence, in general, this method of "wind® the data is more
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efficient than clipping.
7.6.3.2.2 MaximuniVliinimum or Final Value Annotation

The maximum and/or minimum and/or final value of a eunay be annotated by means
of theselectflag, note Thehelpscreen for this flag is shown belo

select.note> help
For the action, select, current parameters (attributes) are:
NONE

and current flags (attributes) are:

nofv fv( x y label font symht ndec yonly xandy )
nomax max y label font symht ndec yonly xandy )
nomin min(x y label font symht ndec yonly xandy )

For example, the input required to annotate the maximum and final values ofeahasrv
the form:

select> note( max fv )

The default is not to annotateonotg, and ifnoteis selected, the desired annotation flag
must be explicitly specified (defaults anexfv, nomaxandnomin).

For each of the annotation flagls, maxandmin, the parameter attniltes allov the user
to specify alabel string using a gen font number font, character sizesymhi and
precision of the annotatioralue,ndec If present, the label is drawn first, followed by a
number giving the alue. Theprogram will attempt to empjoan f format to represent
the number Howeve, if the value is too small or too large, @format will be used.

The default font number is the currerdlve of the correspondinglot parameter if
specified; otherwise, the value of the correspondagput parameter if specified;
otherwise, the program default font is used.

The defaults forsymht and ndec are the current values of the correspondpigt
parameters, if specified; otherwise, the values of the correspolagimgt parameters, if
specified; otherwise, the program default values are used.

The default position of the annotation on the plot is near the point being anndthted.
user may also specify theand/ory coordinates in inches relati o the current plot
origin of the starting location of the annotation.

The pair of flagsyonly and xandy control the content of the annotatioif. yonly (the
default) is specified, only the ordinate value is notéidxandyis invoked, both the
abscissa and ordinate values aregi Inthis case, the format of the annotation xsy),

wherex andy are the coordinates of the point.
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7.6.3.2.3 Lin€Ticks

The selectflag, ticks requires that annotated tick marks be drawn at specified atderv
along the cure. Thehelpscreen for this flag is shown belo

select.ticks> help

For the action, select, current parameters (attributes) are:
var delta

and current flags (attributes) are:

nonote noteyar delta label font symht ndec )

If this flag is specified, tick marks are placed at irdEnalong the cue: Thedefault is
noticks

Among the attributes of the fladicks var is an integer valued parameter which
determines the number of the plot variable which controls tick placement along tee curv
The default isvar =1. deltais a real parameter determining the spacing between tick
marks as a function of the selected line tick conteoiable. Notethat this parameter
must be greater than zero.

The flag attrilnte, note controls whether the ticks are annotatdfl.nonoteis selected
(the deéult), ticks are drawn without annotationf note is selected, the ticks are
annotated according to the specified attributes.

As an attribute of the flagiote var is an intger parameter which determines the column
number (position in the plot record) of the tick annotatianable. Thedefault is the
same as the tick controbkable. Notehat the annotation variable need not be the same
as the tick control ariable. Br example, it is possible to plot the y- versus the x-
component of &locity, place tick marks at specific time intervals and note the
corresponding value of the distancevéad.

deltais a real parameter determining the interval between annotation values as a function
of the annotation ariable. Thedefault value is the same as the tick spacing irgkerv
labelis a string parameter which may be used to label the annotafibedabel string is

drawn first, if specified, folled by the current value of the annotati@miable. fontand

symht are parameters which determine the font and character size used for tick
annotation. Finallyndecis the precision to use for the number annotation.

The defaults forfont, symhtand ndecare the current values of the correspondahot
parameters, if specified; otherwise, tteues of the correspondingyout parameters, if
specified; otherwise the program default values are used.
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7.6.3.2.4 Eror Bars

The selectflag, ebars provides the capability to dvaerror bars at selected points on the
curve wsing data values contained in a specified plot vector.

The integer parameter attute, var, determines the number of the plot vector containing
the possible erroralues. Thedefault isvar =1. Theinteger parameter attrilie, skip,
determines the inteaV between the error values which are actually drawn velddithe
points selected for the cuev Thedefault value forskipis 1, so that error bars are dma

at every point used to plot the cuev Notethat, as an attribute otbars skip is
independent of theelector plot parameterskip, which determines which points in the
plot vector are used to plot the carvin particular error bar values may be skipped
without affecting whether data compression is used t tira curve.

If the flag, ebars is gecified (the default i:oebar3, then at each selected point a
vertical line is dravn which is centered on the cerend whose length is proportional to
twice the correspondingalue contained in the plot vector of possible er@ugs. The

end of each error bar is capped by a horizontal line whose width (in inches) is determined
by the real parametewid. The default value fowid is the same as the curremtlve of

symhi as pecified in either thelot or layout actions, or by the system default (0.1
inches).
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7.6.4 SphericaMap

The mainhelpscreen for theselectaction in the spherical map is shown belo

select> help
For the action, select, current parameters (attributes) are:

az el d first last skip
legend

and current flags (attributes) are:

line( type ) noline

nosym symtype intvl )

nonote notefioip ip nofp fp )
noticks ticks(var delta nonote note )

7.6.4.1 Rrameters

For each cure in the spherical map, the azimuthriable is determined by assigning to
the parametenz, the inde of the variable in the plot record (data column number), while
the el@ation variable is determined by assigning to the parametethe appropriate
column number The radial distance of each point on the curve, if required, is determined
by assigning the appropriate data column number to the parachefgre default alue

for azis the last glue assigned for the current plot or 1, while the default valuesl for
andd are undefined. The number of curves on a plot is determined by examination of
assigneckl values, and cury potting stops at the first undefinetiparameter value.

If dis not assigned, the curdefined by the azimuth and e&tion variables is drawn on
the surface of the spherd. the radial distance is defined by one of the variables in the
plot record, it should be noted that the program does not check whether thewtiufit

on the page. It is the ussrtesponsibility to insure that the reference sphere radius is
appropriate for the desired size of the resultant plot.

In addition to the variable numbers, the user may spaodigpendently for each cugy
thefirst and/orlast record(s) to be plotted. The @eilt is to plot all of the data points in
each cure. If thefirst and/orlastrecord is specified, line ticks and selected initial/final
point annotations will apply to the data in the included records only.

The integer parameteskip, determines the interval between points in the plettor
which are actually used to dvahe cune. For example, ifskip = 2, then only the first,
third, fifth, ..., points in the input data are used tondtiae cure. Note,however, that

initial and final values used for annotation are determined from all of the points in the
selected plot vectors, and are not affected by the valwkipf The default value is
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skip= 1 so hat every point is used.

Finally, alegend string may be associated with each eulor annotation. The position of
the legend on the plot and other attributes may be specified piotreection.

7.6.4.2 Flas

There are four possible representations of esiim McPlot. These are determined by the
flags,line/nolineandsyminosym The permutations are:

« line and nosym (the de#ult). In this case, solid or dashed lines arewdra
connecting the points on the carv By default, the line type starts at 0 and is
automatically incremented for each subsequentecselected. Thdine type is
reset to zero when aweplot is initiated.

+ line andsym In this case, one of the special centered symbols is placed at points
along the curg and a line is drawn connecting the points. The interval (number of
data points) between special symbols may be specified by theBysdefault, a
solid line type= 0) is used to connect the point3he symbol type starts at 0 and
is automatically incremented for each subsequentecsatected. Thesymbol type
is reset to zero when awelot is initiated.

+ nolineandsym One of the special centered symbols is placed at points along the
curve. Theinternval (number of data points) between special symbols may be
specified by the useBy default, the symbol type starts at 0 and is automatically
incremented for each subsequent eusected. Thesymbol type is reset to zero
when a ne plot is initiated.

- nolineandnosym In this case, a single dot is placed at each point on the curve.

The line type of each cuevmay be specified by means of the integer parameterwtyib
type of the flag,line. If the line type is not specified by the yske default value is
emplo/ed as described ab® Smilarly, the attritutes,type andintvl, of the flag,sym
allow the specification of the symbol type and the irdefmumber of points) between
symbols. Ifthe symbol type is not specified, the default value is eyppl@as described
above. The default forintvl is the current value of thglot parameterssint if specified;
otherwise, the value of the correspondiagout parameterif specified; otherwise the
program default alue {ntvl =1) is used.



-108-

7.6.4.2.1 Initialor Final Point Annotation

The initial and/or final points of a cuevmay be annotated by means of 8wectflag,
note Thehelpscreen for this flag is shown belo

select.note> help

For the action, select, current parameters (attributes) are:
NONE

and current flags (attributes) are:

noip ip(x y label font symht ndec )
nofp fp(x y label font symht ndec )

For example, the input required to annotate the final point on a&dws/the form:
select> note(fp)

The default is not to annotateonotg and if noteis selected, the desired annotation flag
must be explicitly specified (defaults areip andnofp).

For each of the annotation flagg (initial point) or fp (final point), the attributes alo

the user to specify &bel string with a gven character sizesymhi and number of
decimal places in the annotatioalwe,ndec The default position of the annotation on

the plot is near the point being annotatdthe user may also specify the horizontgl (

and vertical ¥) coordinates in inches relaé © the current plot center of the starting
position of the annotation. Note that, in the spherical map, it is necessary to specify both
x andy; otherwise, the initial/final point annotation will be placed at thewaéfposition.

The annotation values drawn on the plotéhtne format: éz,€l[,d]), where theaz andel

vaues are in decimal degrees ahds in units of the sphere radiud. d is unity, so hat

the point is on the surface of the sphere, the distance is omitted from the annotation.



-109-

7.6.4.2.2 Lin€Ticks

The selectflag, ticks, requires that annotated tick marks bewiraat specified inteals
along the cure. Thehelpscreen for this flag is shown belo

select.ticks> help

For the action, select, current parameters (attributes) are:
var delta

and current flags (attributes) are:

nonote noteyar delta label font symht ndec )

If this flag is specified, tick marks are placed at irdEnalong the cue: Thedefault is
noticks

Among the attributes of the fladicks var is an intger valued parameter which
determines the number of the plot variable which controls tick placement along the curv
The default isvar =1. deltais a real parameter determining the spacing between tick
marks as a function of the selected line tick conteoiable. Notethat this parameter
must be greater than zero.

The flag attrilnte, note controls whether the ticks are annotatdfl.nonoteis selected
(the default), ticks are drawn without annotatiolfi. note is selected, the ticks are
annotated according to the specified attributes.

As an attribute of the flagnote var is an integer parameter which determines the column
number (position in the plot record) of the tick annotatianable. Thedefault is the

same as the tick controbkable. Notehat the annotation variable need not be the same
as the tick controlariable. or example, it is possible to plot the locus of an orbit, place
tick marks at specific time inteals and note the corresponding value of the true anomaly

deltais a real parameter determining the interval between annotation values as a function
of the annotation ariable. Thedefault value is the same as the tick spacing irgerv
labelis a string parameter which may be used to label the annotations. The label string is
drawn first, if specified, followed by the current value of the annotatésiable. fontand

symht are parameters which determine the font and character size used for tick
annotation. Finallyndecis the precision to use for the number annotation.

The defaults forfont, symhtand ndecare the current values of the correspondahof
parameters, if specified; otherwise, the values of the correspolagimgt parameters, if
specified; otherwise the program default values are used.
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7.7 PLOO

The plot action controls the composition of the current plot on the page and causes it to
be displayed on the selected output device.

7.7.1 CartesiatMap

The mainhelpscreen for thelot action in the Cartesian map is shown belo

plot> help

For the action, plot, current parameters (attributes) are:

factor origin axlens font symht numht
ssht ssint ndec first last skip
start end title( x y font symht)

and current flags (attributes) are:

X( label start scale font symht numht same he nox
y( label start scale font symht numht same he noy
nologx logx(label icyc ncycs font symht numht samevie

nology logy(label icyc ncycs font symht numht samevie
nopolar  polar

nogrid grid(dot line major minor X Nox y no)

legend( x y font symht ) nolegend

noclip clip(nox x nyvy)

nosmooth smoothgoints dew k noperiod periodic )

next same

nopage pagegortr lands )

7.7.1.1 Rrameters

The plot parametersfactor, origin, axlens and font, symht numht ssht ssintandndeg

have essentially the same interpretation as the correspondymut parameterseept

that their scope is the current plot anlihus, the user may specify the plot scaletdr,
location of the origin and axis lengths, the default character font number and symbol
sizes used for annotations, special symbols, etcyithdilly for each plot, independent

of the values chosen in theyoutaction.

For the parameterorigin, the following should be noted. The reference point for
determining the position of the origin of the first plot on a page is the lower left-hand
corner of the pageFor subsequent plots, the reference point is the origin of thaquse

plot on the page.

The plysical location of the origin on a page is also affected by feetet scale fctor.
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Before the firsplot action, the déctive <ale factor is 1.0.For subsequent plots, insaf

as the determination of the origin is concerned, tfectfe sale fctor is the value of
the parametefactor, in the previous plot. This allows the user to determine the position
of the current plot, using the previous plot as a reference, without havingtthe¢ascale
factor into account. Note that this only applies to the parameta&yin, so hat, for
example, the pysical length of an axis drawn as the result pfa action is the product

of the value of the appropriate componenaxiensandfactor set within that action.

The plot parameters,first, last skip start and end have essentially the same
interpretation as the correspondisgjectparameters except that yhapply to all curves

on the current plotThus, the user may select default values to use fdirghand/orlast
record(s) and/or thetart and/orendvalue(s) of the independent variable or the ingérv
between succes& data points actually used to plot the aumhich pertain to all of the
curves on the current plot. Note, Wever, that values ofirst, last, etc. given for each
individual cune in the selectaction tale precedence wer the values input in thelot
action. Ifthe user input foskip is greater than 1, data compression is omitted for all
curves on the plot.

Finally, the plot parameteritle, may be used to provide a plot title. It is @ctor so hat
multiple line titles are obtained by a comma separated list of title strings; e.g.,

plot> title = "first line", "second line", "third line"

Nominally, each title line is centered on the plot and the spacing between lines is one-half
the character sizeCurrently up to 20 ines may be input in or@ot action. Ifmore title

lines are required, the user may continue on the same plot usimjothitag, same
described belw and the ne title lines will be appended, by default, to the previous lines.

The title attritutes,x andy, dlow the user to input the position of thegining of the

first line of the title in inches relat t the current plot origin.If x is specified,
subsequent title lines will be left justified; otherwise, the title lines are centered on the
plot.

Note that an attribute list immediately follows the parameter name and that parameters
require an equal signAccordingly, to ecify a title position the input might Y& the
form:

plot> title(x=1.0 y=5.0) = "This is the title"

Thetitle parameter attriltes,font andsymhf may be used to determine the font number
and size of characters used tovditae title. If they are not specified, the currenalues

of the correspondinglot parametersfont andsymht are used, if defined; otherwise, the
vaue of the correspondingyout parameters are used, if defined; otherwise, the program
default values are used.

7.7.1.2 Flas

There are basically twtypes of axis scalingvailable in McPlot, linear and lagithmic
(base 10).The plot flags, X, nox y, noy, logx, nologx logy and nology, determine the
scaling used for the ax. Asan example, théelp screen for the axis flagg,andlogy,

are shown belw.
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plot.x> help
For the action, plot, current parameters (attributes) are:

label start scale font symht numht
and current flags (attributes) are:

same ne/( bottom top )

plot.logy> help
For the action, plot, current parameters (attributes) are:

label ig/C ng/cs font symht numht
and current flags (attributes) are:

same ne( left right )

The deéfults,x andy, prescribe linear scaling for the x and y axes respdygti Selection

of noxand/ornoy also results in linear scaling but, in this case, while the curves will be
plotted inside the area defined by the axis origin and length parameters, the corresponding
axis will not actually be dran. Specificatiorof nox andnoy without a precedingelect

action is one means of obtaining a null plot.

If either logx or logy is invoked, the corresponding coordinate will be plotted using a
logarithmic scale.Finally, nologxandnologyare equralent tox andy in that thg result
in linear axis scaling.

Note that the type of scaling used may be selected for each axis independently.

An axis label may be specified for either linear or logarithméasay means of the string
parameter attrilte, label, and the font number and character size used for the label may
be gven by the parametersfont and symht Smilarly, the character size used for
numerical axis annotations is determined by the parameteruédtriumht Each of

these character sizes may be determined independently for each axis. Wetey,Hbat

the font used for axis numerical annotations is the same as for the label. If no values are
input, then the current values of the plot parameferg, symhtandnumht are used, if
defined; otherwise, the correspondilagout values are used, if defined; otherwise, the
program defaults are used.
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By default, the scale factor and starting value on the axisefpfare determined
automatically for each axisHowever, the attributes of the axis flags may be used to
completely prescribe the scalingror a linear axis, the user may determine the starting
axis annotation value and the number of plot units per inch by means of the parameter
attributes startandscale Note that the final axis annotation value is equal to

start + scalex axlen

where axlen is the length of the axis in inchesSimilarly, the initial cycle and total
number of cycles on a lagthmic axis may be set by using the integer parametsis,
andncycs

The user may dwa additional curves on the same plot using the same axes and labels or
on option, nes axes and labels. Either linear or logarithmic scaling may be selected for
the nev axes. Theaxis flags,new and same control whether a ne axis is drawn or
whether the same axis is used for the additional curves.

The attributes of the flagiew alow placement of the e axes & either the left- or right-
hand side of the plot (y-axis) or along the top or bottom edge of the plot (x-&eisi
new x-axis (either linear or lagrithmic), the options ardaottom(default) ortop. For a
new new y-axis (linear or logarithmic), the options afeft (default) orright. Thus, the
following input sequence might be used tondearew y-axis along the right-hand side of
the current plot.

> plot same y(new(right) label="This is am@xis on the right-hand side");

There is no limit to the number of weaxes (of ary type: left, right, bottom top) which
may be drawn on a single plot and the types may be freely mixed as desired.

Note, havever, that if a nev x-axis is drawn along the top of the plot it may interfere with
ary title lines which are present or may be drawn in a subseguenaction. Itis the
users responsibility to adjust thg position of the title accordinglySee the discussion
below concerning thelot flags,nextandsame for a further description of this option.

7.7.1.2.1 Blar

For linearly scaled plots, the flagplar, causes anxra set of axes to be drawn which
cross at the point (0.0, 0.0) in plot units if that point is included within the plot;
otherwise, the polar axes are wraas close to the zero point as possible without going
outside the plot boundarie§:his flag has no other effect; in particyldardoes not dect

the axis length or scaling. The defaulhigpolar.

7.7.1.2.2 Gridding

If desired, a grid may be drawn on the current plot by simplgking theplot flag, grid.

The spacing and line type of the horizontal aadigal grid lines may be specified by the
attributes of the flaggrid. If these are not specified in thkot action, default values are
determined by the corresponditayout parameters, if specified; otherwise, the program
defaults are used. Other attntes of the grid may be specified by the user as shown in
thehelpscreen for this flag.
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plot.grid> help
For the action, plot, current parameters (attributes) are:
NONE

and current flags (attributes) are:

dot line(type )
major minor

x( intvl Ipc) nox
y(intvl Ipc) noy

Thegrid flag attributes allv the user to specify the type and spacing of grid linesmra
for each axis.

The flag,dot, specifies that grid lines are composed of closely spaced dots and is the
default. Thedot spacing is currently 40 dpi for major axis divisions and 20 dpi for minor
axis dvisions. Alternatiely, the grid may be made up of dashed lines by selection of the
flag, line. In this case, the line type (0 - 8) may be specified by the parameteutattrib
type The default is a solid lingype= 0).

For linear axis scaling, the corresponding grid lines are linearly sp&aed logarithmic
axis, the grid will be logrithmic. Notethat it is not currently possible to dvaa linear
grid on a logarithmic axis or a logarithmic grid on a linear axis.

For linear axes, the flagnajor, specifies that grid lines are only drawn at major axis
divisions (one-inch intervals) and is the al@f. If the grid attribute,minor, is slected,

grid lines are also dven at minor axis divisions determined by the axis scaliRgr
logarithmic axes, grid lines are automatically drawn at minor axisidns, determined

by the axis scaling, and the flageajor and minor have o dfect. Inthis case, the
default number of lines per cycle will depend on the length of the axis and the number of
cycles.

By default, both the x and y axes are gridded ifgheé option is selected. The user may
optionally suppress the grid for a particular axis by specifying either gritiélags,nox
or noy.

The parameter attributes of thgid flags, x andy, may be used to specify the grid
spacing on the current plot, independently for each axis. The parameteant@ttntvl,
determines the spacing, in plot (scaled) units between grid lines for a linearly scaled axis.
Alternatively, the parameter attnilte, Ipc, specifies the number of grid lines percte (=

2, 5, 10; other values are ignored) for a logarithmic axis.
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7.7.1.2.3 Lgend Block

The plot flag, legend, specifies that a legend block, containingy gmeviously selected
curve legends, is to be dven on the current plot (dedilt). Theflag, nolegend may be
invoked to prevent display of previously selected legends.

By default, the legend block is placed near the upét corner of the plot, one
character height from the top and with the end of the legend at the right margin.

The attributes of the flagggend, may be used to specify the actual position of tenel
block and the font and character size used tovdie legends. Thereal parameter
attributes x andy, specify the location, in inches reladi o the current plot origin, of the
upper left-hand corner of the dend block. The legend parameter attrilte, font,
determines the font number whegmhtmay be used to specify the character sizke
defaults are the current values of tipdot parametersfont and symht if specified;
otherwise, the values of the correspondengput parameters, if specified; otherwise, the
program defaults are used.

The longest legend stringvgn in the selectaction(s) immediately precedingpot is

used to size the legend block. Each string is left-justified and followed by a 1.5 inch line
sample if the cum is dawn with connecting lineslf only symbols are used to plot the
points, the corresponding special symbol is drawn preceding tdendestring. If
additional curves are selected with legends ang dreedrawn on thesameplot, the nev
legends are left justified by default and appended at the bofiwte, havever, that the

start of the line sample in these appendeg@nes may not line up with the preusly

dravn line samples, since the length of thgeled block is recomputed for eaplot
action.

7.7.1.2.4 Clipping

The plot flag, clip, has the same function as the correspondiglgctflag except that it
applies to all cures in the currernplot action. Notehat if the clipping option is selected,
data compression is suppressed. The defamibetip. Howeve, if clipping is specified
for a particular curg in the selectaction, it has precedenceen the flag value gen in
theplot action.
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The help screen for th@ot flag, clip, is shown belav.

plot.clip> help

For the action, plot, current parameters (attributes) are:
NONE

and current flags (attributes) are:

nox Xx(max min)
noy y(max min)

As is the case for the correspondsgjectflag, the user may independently clip the x- or
y-coordinate and assign maximum and/or minimwatues to be retained on the pldh
general, the defaultalues formaxandmin are the maximum and minimum values of the
data being plotted. Thus, if automatic scaling is used and neidvenr minis specified,

no actual clipping will occur On the other hand, if the axis scale and offset are
prescribed by the usethen irvocation of theclip flag and either attrilte, x or y, will
automatically clip data points which extend beyond the range of the specifiedraxis, e
Nno maximum or minimum value isvgn.

7.7.1.2.5 Daté&moothing

McPlot incorporates a cubic spline interpolation routine tovide a smooth cuev
between sparse data points. It igaked by means of thelot flag, smooth The deéult
is not to interpolate Nfosmooth Note that if smoothis specified, the cubic spline
interpolation is applied tall selected curves in the current plot.

If an independentariable,x, associated with a cuevis ot monotonically increasing
throughout its selected range, the cubic spline interpolation is omitted in that case and the
curve is dawn without smoothing. In addition, an error message is directeidéor.

The number of points in the interpolated @svmay be specified by the parameter
attribute,points The default value is 201. The user may also specify the real parameter
k, which determines the end-point boundary conditions:

Yo' =ky" and yp" = kyn4"
The nominal value fok is 0.0, but in some cases a better fit results ken0.5. Ifit is
required that the output be periodic, the flpgriodic may be iwoked. In this case, if
the first and last values of the dependent variable are not the sayneijltleach be set

equal to their @erage value and a message will be writtenstaherr. The default is
noperiod

It is also possible to obtain an estimate of the first or secondatilegi d a curve by
setting the integer parameter attrii, deriv, equal to 1 or 2. Note, heever, that in this
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case the scaling may not be correct since theatee will be plotted using the scale and
offset determined for the original cv Thedefault value forderivis 0, which gves the
curwe itself.

7.7.1.2.6 Addin@urves to a Plot

The user may dva additional curves on the same plot by specifying e flag, same
in a subsequemot invocation. Asan example, the sequence:

> select y=15, 16, 17;
> plot;

% There may be intervenimgad, calc,
% layoutor putactions here.

> select y=18, 19, 20;
> plot same;

will place six curves on the same plot. In this case, the first threescunll determine
the plot scale and the xtethree curves will be drawn using the same scale and with the
same axes.

Note that the default is to me m to the nextplot.

Warning: the axis scaleaictors are determined by the initial set of selectedesurifthe
appropriate scale factor for cy which are subsequently added is significantigelar
than for the original cues, the length of the lines to be drawn may be very great and the
curves may lie dfthe page. If such a cuevis dawn with a dashed line, it may wla
number of minutes to complete iln this case, the program will appear to "hang"; i.e.,
nothing will appear in the plot windoand the program will not respond to user inplit.

is the uses responsibility to insure that curves which are added by meanplof same
request are consistent with the original scaling.

If a nev axis is desired for a subsequent set of curves on the same plot, the input
sequence,

> select y=15, 16, 17;
> plot;

> select y=18, 19, 20;
> plot same y(new);

will result in a second y-axis displaced from the first by an amount which depends on the
axis annotation and label position of the first axis. Byadkf this axis will be
automatically scaled to the selected curves.

The location of this second axis is determined solely by the flaguatsikeft, right, top
and bottomof the axis flaghew the parameterorigin, has no effect in this instance.
However, the length of the ve axis may be set to a value which differs from that of the
first axis and, of course, thewexis may hae its own label and user specified scale
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factor and offset independent of the first. There is no limit to the number of axes which
may be drawn on a single plot and either the x- or y-axis or both may be re-specified in
this way.

The default is to use treameaxes for data placed on teameplot.
7.7.1.2.7 Bgng

The user may elect to start annpage for the currenplot action by iwoking the flag,
page For each ne page, the orientation of the plots (portrait or landscape) may be
determined by specifying one of tipage attribute flags,portr or lands The default is
determined from the precedingyout action, if the page orientation is specified there;
otherwise portr (portrait mode) is assumed. Notewwver, that if the plot orientation is
changed without going to aweage, the results will be unpredictable (and probably not
very pretty!). By default, a ng page is started whewer the stackspecified in théayout
action is completed. This may beeo-ridden by specifying thplot flag, nopage

It is recommended that awepage be started whevee a new map is selected, since the
automatic page layout does not accommodate a mixture of Cartesian and spherical plots.
If plots of both types are desired on the same pag@ritp@ or centermust be specified

for each plot.
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7.7.2 SphericaMap

The mainhelpscreen for thelot action in the spherical map is shown lpelo

plot> help

For the action, plot, current parameters (attributes) are:

factor center radius azo elo dist
intvl pintvl plat first last skip
ndec font symht numht  ssht ssint
title( x y font symht)

and current flags (attributes) are:

dotted( space ) solid

legend( x y font symht) nolegend
next same

nopage pagegortr lands )

7.7.2.1 Rrameters

The plot parametersfactor, center radius azq elo, dist, intvl, pintvl, plat and font,

symhi numht ssht ssint and nde¢ have essentially the same interpretation as the
correspondindayout parameters except that their scope is the current plot driys,

the user may specify the plot scadetbr center position, viewpoint, radius, sphere grid,

the default character font number and symbol sizes used for annotations, special symbols,
etc., individually for each plot, independent of the values chosen laythetaction.

For the parametercentetr the following should be noted. The reference point for
determining the position of the center of the first reference sphere plotted on a page is the
lower left-hand corner of the pag€or subsequent plots, the reference point is the center

of the current reference sphere.

The physical location of the center of the reference sphere on a page is also affected by
the efective ale factor Before the firsplot action, the déctive scale factor is 1.0For
subsequent plots, insofar as the determination of the sphere center is concerned, the
effectve <ale fictor is the value of the parametéactor, in the previous plot. This

allows the user to determine the position of the current plot, using tli®yseplot as a
reference, without having to takhe scaledctor into account. Note that this only applies

to the parametecenter so hat, for example, the physical radius of the sphere/mli@s

the result of glot action is the product aadiusandfactor set within that action.

The plot parametersfirst, last and skip, have essentially the same interpretation as the
correspondingselectparameters except that thapply to all curves on the current plot.
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Thus, the user may select del values to use for thigst and/orlast record(s), or the
interval between success! data points actually used to plot the aiwhich pertain to all
of the curves on the current plot. Notewwer, that values ofirst, last, etc. given for
each individual cure in the selectaction tale precedenceer the values input in thplot
action.

Finally, the plot parametertitle, may be used to provide a plot titlé. is a vector, so hat
multiple line titles are obtained by a comma separated list of title strings; e.g.,

plot> title = "first line", "second line", "third line"

Nominally, each title line is centeredver the sphere and the spacing between lines is
one-half the character siz€urrently up to 20 ines may be input in ongot action. If
more title lines are required, the user may continue on the same plot, uspigt tiesg,
same described bely and the nw title lines will be appended, by deflt, to the
previous lines.

The title attrilutes,x andy, alow the user to input the position of the beginning of the
first line of the title in inches relae © the center of the current reference sphéfecis
specified, subsequent title lines will be left justified; otherwise, the title lines are centered
on the plot.

Note that an attribute list immediately follows the parameter name and that parameters
require an equal signAccordingly, to ecify a title position the input might Y& the
form:

plot> title(x=1.0 y=5.0) = "This is the title"

Thetitle parameter attriltes,font andsymhf may be used to determine the font number
and size of characters used tovditae title. If they are not specified, the currenalues

of the correspondinglot parametersfont andsymht are used, if defined; otherwise, the
vaue of the correspondinigyout parameters are used, if defined; otherwise, the program
default values are used.

7.7.2.2 Flags

The plot flags,dottedandsolid, havethe same interpretation as the corresponthggut
flags except that their scope is the current plot.otlyeither of these flags is selected,
the default is determined from the precediagout action, if specified there; otherwise,
the program defauldptted is used.

The integer parameter attute, space of the plot flag, dotted has the same interpretation
as the correspondirlgyoutparameterxcept that its scope is the current plot onlfythis
parameter is not specified, the default is determined from the predagmg action, if
specified there; otherwise, the program defagate= 2) is used.

7.7.2.2.1 Lgend Block

The plot flag, legend, specifies that a legend block, containingy gaeviously selected
curve legends, is to be dven on the current plot (ded@ilt). Theflag, nolegend, may be
invoked to prevent display of previously selected legends.

By default, the legend block is placed one character wilhl(} to the right of the
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reference sphere projection and one character height down from the top.

The attributes of the flagggend, may be used to specify the actual position of tigernel
block and the font and character size used tovdie legends. Thereal parameter
attributes x andy, specify the location, in inches reledi o the current reference sphere
center of the upper left-hand corner of the legend blocke legend parameter attrilte,
font, determines the font number whiggmhtmay be used to specify the character size.
The defaults are the current values of et parametersfont and symht if specified;
otherwise, the values of the correspondengput parameters, if specified; otherwise, the
program defaults are used.

The longest legend stringvgn in the selectaction(s) immediately precedingpot is

used to size the legend block. Each string is left-justified and followed by a 1.5 inch line
sample if the cum is dawn with connecting lineslf only symbols are used to plot the
points, the corresponding special symbol is drawn preceding tendestring. If
additional curves are selected with legends ang dreedrawn on thesameplot, the nev
legends are left justified by default and appended at the boftwte, havever, that the

start of the line sample in these appendegres may not line up with the preusly

dravn line samples, since the length of thgeled block is recomputed for eaplot
action.

7.7.2.2.2 Addin@urves to a Plot

The user may dva additional curves on the same plot by specifying fited flag, same
in a subsequemiot invocation. Asan example, the sequence:

> select el=2, 3, 4;
> plot;

% There may be intervenimgad, calc,
% layoutor putactions here.

> select el=5, 6, 7;
> plot same;

will place six curves on the same reference sphere.
Note that the default is to me a to the nextplot.
7.7.2.2.3 Bgng

The user may elect to start annpage for the currenplot action by iwoking the flag,
page For each ne page, the orientation of the plots (portrait or landscape) may be
determined by specifying one of tpage attribute flags,portr or lands The default is
determined from the precedingyout action, if the page orientation is specified there;
otherwise portr (portrait mode) is assumed. Notewwver, that if the plot orientation is
changed without going to aweage, the results will be unpredictable (and probably not
very pretty!). By default, a ne page is started whewer the stackspecified in théayout
action is completed. This may beeo-ridden by specifying thplot flag, nopage
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It is recommended that awmepage be started whevee a new map is selected, since the
automatic page layout does not accommodate a mixture of Cartesian and spherical plots.
If plots of both types are desired on the same pag@ritp@ or centermust be specified

for each plot.

7.7.3 Scope

The scope oplot parameters and flags is the currglatt action only All plot parameters
and flags reert to their default values when the ngkbt action is initiated.
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7.8 PUT

The put action may be used to place additional annotation on a plot; e.g., strings,
numbers, data values, symbols, arcs, lines, arrows, boxes and circles.

7.8.1 CartesiatMap

Thehelpscreen for th@utaction in the Cartesian map is shown belo

put>
For the action, put, current parameters (attributes) are:

num( x y ang ndec numht label font symht )
str( x y ang font symht)

and current flags (attributes) are:

nosym sym y type symht)

nocircle  circle(x y rad type )

nobox box(x y wid ht ang type )

noarc arcfrom to thru type )

noline line(from to type )

nodata datayar rec x y ang ndec numht label font symht )
noarrav  arrow( from to type size )

inches scale

7.8.1.1 Origin

The reference point for ghlut position attributesx y, from, to, thru) is the current origin.
Before a plot action is ivoked, the current origin is the uer-left corner of each page.
Subsequentlythe current origin coincides with the origin of the last plNbte that the
current origin may be changed aydme by user input of the form,

> plot nopage nox noorigin=x, y;

without a precedingelectaction. Inthe abw@e, x andy are the desired coordinates of the
new origin.

7.8.1.2 Rrameters

The put parameterstr, adlows the user to place a string atygwint on the pageFor
example, to place a string at the coordinates of the last point plotted, the input is simply:

> put str = "This is a string";

The user may specify the position of the string, the angle at which itws @ad the font
number and character size by means of the parameteutty y, ang fontandsymht
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The position of the berleft corner of the first character in the string is determined by
the parameters andy. Their default values are the corresponding coordinates of the last
point drawn on the page (either irplot or aputaction). Notethat input values ot and

y may be gien in inchesrelative o the current plot origin or in plot units¢ale; see the
discussion of thputflags,inchesandscale below.

The angle at which the string is drawn relatb the x-axis is determined by the attrib,

ang and is input in dgrees. Apositve value of ang produces a counteldockwise

rotation, while a ngative value results in a clockwise rotatiomhe default value is
ang=0.0

The font number is determined by the integer parantetatr while the size (in inches) of
the characters used to drahe string is gien by symht If no values are input for these
attributes, then the correspondirgyout values are used, if defined; otherwise, the
program defaults are used.

The put parameternum dlows the user to place a number on the plthe position of

the number and the angle at which it is drawn may be input in the same manner as for the
parameterstr. The user may also specify the precisindeg and character sizeyumht

used to drev the number Normally, an f format is used to describe the numbenybeer,

if the number is too small to be usefully represented with thengirecision, or if it is

too large, are format is used.

The number may be labeled by means of the at&jkabel. If present, the label is dnen

first, followed by the assigned numbérhe character size used for the label igegiby

symht and may be specified independently of the number size. The integer parameter
font, determines the font number used for both the label and the number itself.

If any of the attrilutes, font, symhtf numht or ndec¢ is not specified, then the
correspondingayoutvalue is used, if defined; otherwise, the program default is used.

7.8.1.3 Flas

The put flag, sym may be used to place yaone of the special centered symbols at an
point on the current page. The delt isnosym The symbol type is determined by the
integer parameter attrilie, type The default value isype= 0. The character size used
for the symbol may be specified by the parameter atgjlsymht The default value is
the value ofsshtgiven in the layout action, if specified; otherwise, it is the program
default. Theattributes,x andy, may be used to specify the position of the centered
symbol. Thedefault location is at the coordinates of the last point placed on the page.

Theputflag, circle, may be used to dvaa drcle of specified radius centered at/goint

on the page.The position of the center of the circle is determined by specifying the
coordinatesx andy, in ether inches or plot units relag t the current origin, depending

on whether theput flag, inchesor scalg is invoked. The default for x andy is the
corresponding coordinate of the last point placed on the page in eififet @ a put
action. Theparameterrad, specifies the radius of the circle in inches (onlyhe dehult
israd = 0.0. typespecifies the line type used towdrthe circle (the default iype= 0).

A rectangular box of specified width and height (measured in either inches or plot units)
may be drawn anywhere on a page usingpieflag, box The default isnobox The
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parameter attrilntes,x andy, refer to the location of the upper-left corner of the box.
Their defaults are the corresponding coordinates of the last point placed on th&lpage.
dimension of the box along the x-axis is specified by the parameteutavild, while

ht gives the dimension along the y-axisThe default value for these parameters is
ht =wid =0.0,

The parameterlang, may be used to rotate the box about the point locating the upper left
hand corner Positive values ofangresult in counter-clockwise rotations;gaive values
yield clockwise rotations. The default angleargg= 0.0.

The line type used to drethe box is determined by the parametygpe(default = 0).

The put flag, arc, dlows the user to dvaan ac of a circle by specifying the gmning
and end points of the arc and a desired intermediate point. The default is nat tmdra
arc (hoaro).

The parameter attrittes,from, to andthru, specify, respectiely, the beginning, ending
and intermediate points on the arc. These awtors, (X, y), so that the input required to
drav an ac from the point, (1.0, 2.0), to (3.0, 2.0) through the intermediate point, (2.0,
1.0), for example, would ka the form:

> put arc(from=1,2 t0=3,2 thru=2,1);

The default value of each componenfrofn, to andthru is the corresponding coordinate
of the last point plotted (whether irp#ot or putaction). Fer example,

> put arc(from=0 to=6 thru=3,0);

will draw an ac which starts at the y-axis and ends at a point six inches to the right of the
y-axis at the y-coordinate of the last point plotted, while

> put line(from=,0 to=,6 thru=0,3) scale;

will result in an arc which starts at y=0 and ends at y=6 (in plot units) at the x-coordinate
of the last point plotted.

Note: if the three pointdrom, to andthru, are collinear a graight line is drawn between
the points defined biyom andto.

The (dashed) line type used to wiréhe arc is determined by the integer parameter
attribute,type The default value ig/pe= 0.

Theputflag, line, dlows the user to place a straight line of @egitype between antwo
points on the current page. It may be canceled by thenitdige, which is the default.

The endpoints of the line are specified by the parameteruadsifrom andto as for the
flag, arc.

The (dashed) line type used is determined by the integer parameterneattyijpe The
default value igype= 0.

Theputflag, data may be used to place the value of afot data item stored in memory
on the current plot. It may be canceled by the fhaglatg which is the default.
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The parameter attributes of the flatpta are used to specify the data item and the
associated annotationvar is the \ariable number (position in the plot record)
corresponding to the data point to be put on the plot (default xet)is the record
number of the desired datalue (default = 1) x andy give the position of the start of the
annotation. Thelefault is the position of the last point placed on the pag® specifies
the angle of the annotation in degrees redatb the horizontal axis of the page The
default isang= 0.0. Positve values ofangproduce counter-clockwise rotationspaeve
values yield clockwise rotationdabelis a string gring the annotation label. If a label is
specified, it is drawn first, followed by the datue. ndecis the precision (number of
decimal places) to be used for the number annotagmhtandnumhtare the label and
number symbol sizes in inchefontis the number of the character font used tavdize
data value and label. The defaults for these attributes araltnes\of the corresponding
layoutparameters, if defined; otherwise, the program defaults are used.

This option may be used to spot check selected values of the input data, owto allo
certain annotation values to be passed to McPlot in the same file as the plot data (see
Example 12).

Finally, the putflag, arrow, may be selected to place an avrconnecting ay two points

on the page. The endpoints of the ar@e specified by the parameter attrigs,from
andto, as Pbr theput flags,arc andline. typedetermines the line type used towrthe

shaft of the arn, while sizedetermines the size of the anwrtvead in inches. The daiflt

vaue for typeis 0, while the default value faizeis the \alue of symhtgiven in the
layout action, if specified; otherwise, it is the value of the program default symbol size
(0.1 inches).

Theputflag, inches(default), may be imoked if user input of positions and dimensions is
desired in inchesAlternatively, the flag,scale may be used to specify input values in
plot units. These flags apply to the attitds,x andy, of sym circle, box num dataand

str; to the attritlutes,from andto, of arc, line andarrow, as well as the attribte, thru of

arc; and to the attribtes,wid and ht, of box Note that the default values for position
attributes (either the x- or y-coordinate, or both) are the corresponding coordinates of the
last point placed on the pagegaalless of whetheinchesor scaleis specified.
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7.8.2 SphericaMap

Thehelpscreen for th@utaction in the spherical map is shown belo

put> help
For the action, put, current parameters (attributes) are:

num( pos ang ndec numht label font symht )
str( pos ang font symht )

and current flags (attributes) are:

nosym symgos type symht )

nocircle  circle(pos rad type )

nobox box(os ang wid ht type )

noline line(from to type arc ray )

nodata datayar rec pos ang ndec numht label font symht )
noarrav  arrow( from to type size arc ray )

deg inches

7.8.2.1 Origin

In the spherical map, the reference point forpall position attributesgos from, to) is

the current origin. Before gmplot action is ivoked, the current origin is the Wwer-left
corner of each pagesubsequentiythe current origin coincides with the center of the last
plot. Inthe spherical map, it is not possible to change the current origin except through
theplot action.

7.8.2.2 Locatiorof Points

In theputaction in the spherical map, the specification of the location of strings, symbols,
numbers, data values, starting and ending points of lines, etc., to be placed as additional
annotation on a plot is determined by the vector paramgtess,from andto. The
interpretation of these parameters and the form of the input depends on user selection of
one of theputflags,degor inches

If deg(the default) is specified, the input is of the fopons= az, € [, d], whereaz, €
andd are the values of the azimuth andvat®n (in dgrees) and radial distance desired.
If dis not specified, it is assumed that the point is on thesudf the spheral (= 1).
Thus, the input,

> put sym(pos=28;51);

will place a special centered symbol at an azimuth of g8eds and an elation of -51
degrees on the surface of the sphere.
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If the flag,inches is slected, the input position is of the forpgs= x, y, wherex andy
are the horizontal and vertical coordinates (in inches) velaithe center of the sphere.
Thus, the input,

> put sym(pos=3.0, 2.5) inches;

will place a special centered symbol 3.0 inches to the right and 2.5 inches tabo
center of the sphere.

In all cases, the default values pds from andto are the coordinates of the last point
plotted relatve o the sphere if the flagleg is invdked, or the last point drawn on the
page if the flaginches is invoked. Note, also, that both the azimuth and vel#on
components opos etc., must be specified; otherwise, the appropriate default values will
be used.

7.8.2.3 Rrameters

The put parameterstr, dlows the user to place a string atygwint on the pageFor
example, to place a string at the coordinates of the last point plotted, the input is simply:

> put str = "This is a string";

The user may specify the location of the string, the angle at which itvis @ad the font
number and character size by means of the real parameteutattyfgins ang font and
symht

The position of the lerleft corner of the first character in the string is determined by
the vector parametgpos as roted abge. Whether the input value gfosis interpreted

in terms of azimuth, el@tion and distance from the center of the sphere, or in terms of
the horizontal and vertical position in inches refatio the current sphere center is
determined by the put flagdeg(default) orinches

The angle at which the string is drawn relatio the horizontal is determined by the
attribute, ang and is input in dgrees. Apositve \alue of ang produces a counter
clockwise rotation, while a getive \value results in a clockwise rotation. The aidf
vaue isang=0. 0.

The font number is determined by the integer parantfetatr while the size (in inches) of
the characters used to drahe string is gien by symht If no values are input for these
attributes, then the correspondirgyout values are used, if defined; otherwise, the
program defaults are used.

The put parameternum dlows the user to place a number on the plot. The position of
the number and the angle at which it is drawn may be input in the same manner as for the
parameterstr. The user may also specify the precisindeg and character sizeyumht

used to dre the number Normally, an f format is used to describe the numbenybeer,

if the number is too small to be usefully represented with thengirecision, or if it is

too large, are format is used.

The number may be labeled by means of the at&jkabel. If present, the label is dren

first, followed by the assigned numbérhe character size used for the label igegiby
symhtand may be specified independently of the number size. The integer parameter
font, determines the font number used for both the label and the number itself.
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If any of the attrilutes, font, symht numht or nde¢ is not specified, then the
correspondingayoutvalue is used, if defined; otherwise, the program default is used.

7.8.2.4 Flags

The put flag, sym may be used to place yaone of the special centered symbols at an
point on the current page. The defaulbsym The symbol type is determined by the
integer parameter attnitte, type The default value isype= 0. The character size used
for the symbol may be specified by the parameter atgjlsymht The default value is
the value ofsshtgiven in the layout action, if specified; otherwise, it is the program
default. Thevector parameter attriie, pos may be used to specify the location of the
centered symbol as noted &bo

Theputflag, circle, may be used to dvaa drcle of specified radius centered at/ goint

on the page. The daiflt is nocircle The geometrical character of the circle is
determined by theut flags,degandinches If deg(default) is specified, the result is a
small circle (locus of points having the saargular separation from the center of the
circle), drawn in perspeet; if inchesis selected, the result is an ordinary circlene
interpretation of the parametepgsandrad, are similarly affected.

The location of the center of the circle is determined by specifying the vector patameter
pos as ascribed abee. The parameterad, specifies the radius of the circléf degis
specified, the radius is in decimalgdees, while ifinchesis selected, the radius is
assumed to be in inches. The defautas= 0.0.

typespecifies the line type used towrthe circle (default = 0).

A quadrilateral figure of specified width and height may be drawn anywhere on a page
using theput flag, box The default isnobox The geometrical character of the
quadrilateral is determined by tipat flags,degandinches If deg(default) is specified,

the quadrilateral is formed by the intersection @frsents of four great circles, drawn in
perspecire, such that the angular separation of the sides is equal to the specified width
and height of the box. On the other handndhesis selected, the result is an ordinary
rectangle of specified width and height.

The interpretation of the parameter atiitds,pos wid and ht, are similarly affected by
the choice odegor inches If deg(default) is specified, the vector parameter atiiié)
pos refers to the location of the center of the box as describad.alm the other hand,
if inchesis specified, the vector parameter atitéy pos refers to the location of the
upper left-hand corner of the box in inches rgkato the center of the spherelhe
default corresponds to the coordinates of the last point placed on the page.

Similarly, the dimension of the box along the horizontal direction (width) is specified by
the parameter attrilte, wid, while ht gives the dimension along the vertical direction
(height). If deg is specified,wid prescribes the minimum angular separation of the
vertical sides, whileht is the minimum angular separation of the horizontal sidés.
inchesis selectedwid and ht refer to the corresponding dimensions in inch@$e
default value for these parameteris= wid = 0. Q.

The parameteangmay be used to rotate the box about the point defingibdyPositive
values of ang result in counter-clockwise rotations; gaive \alues yield clockwise
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rotations. Thealefault angle imng= 0.0.
The line type used to drethe box is determined by the parametgpe (default = 0).

The put flag, line, dlows the user to place a line of a@i type between antwo points
on the current page. It may be canceled by the flaline, which is the default.

The (dashed) line type used is determined by the integer parameterteattyipe The
default value igype= 0.

The geometrical character of the line is determined bypthdlags,degandinches If
degis specified, the line may be either gyment of a great circle (default) or a ray
(straight line) connecting points relaito the sphere and drawn in perspeetif inches

is selected, the result is a straight line which may conngctvam points on the page.
The interpretation of the parametersm andto, are similarly affected.

If the putflag, deg is gecified, thdine flag attritutes,arc andray, determine whether the
line is a great circle or a straight lindf. arc is specified (default), the result is a great
circle sgment. Selectioof the flag,ray, produces a straight line. If thmutflag, inches

is specifiedarc andray have ro efect.

The endpoints of the line are specified by the vector parameteutasyiirom andto, as
described abee. Thus, the input required to dvaa sgment of a great circle from the
point defined by azimuth = 20.0, eddion = 0.0, to the point defined by azimuth = 30.0,
elevation =-40.0, for example, would ka the form:

> put line(from=20.0, 0.0 to=30.6:40.0);

Note that, if the radial component fodbm andto is specified, it must be the same in each
case if a great circlaafc) is ®lected. Inaddition, if thefrom andto values specified for a
great circle are antipodes, the path is ambiguduse program automatically resely
this ambiguity by choosing a route through one of the poles.

Theputflag, data may be used to place the value of afot data item stored in memory
on the current plot. It may be canceled by the fhaglatg which is the default.

The parameter attributes of the flatpta are used to specify the data item and the
associated annotationvar is the \ariable number (position in the plot record)
corresponding to the data point to be put on the plot (default xet)is the record
number of the desired data value (default = 1). The vector pararpegmives the
position of the start of the annotation as described/&bang specifies the angle, in
degrees relatie © the horizontal axis of the page, of the annotation. The defaatigs
0.0. Positre values ofang produce counter-clockwise rotations;gaeve \alues yield
clockwise rotationslabelis a string giving the annotation label. If a label is specified, it
is drawn first, followed by the dataale. ndecis the precision (number of decimal
places) to be used for the number annotatsymhtandnumhtare the label and number
symbol sizes in inchesfont is the number of the character font used tondifae data
value and label. The defaults for these attributes are #haees of the corresponding
layoutparameters, if defined; otherwise, the program defaults are used.

This option may be used to spot check selected values of the input data, okto allo
certain annotation values to be passed to McPlot in the same file as the plot data.
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Finally, the putflag, arrow, may be selected to place an arconnecting ay two points

on the page. The default isoarrow. The geometrical character of the avras
determined by theut flags,degandinches If degis specified, the arm shaft may be
either a segment of a great circle @df) or a ray (straight line) connecting points
relatve o the sphere and drawn in perspegtif inchesis selected, the shaft is a straight
line which may connect griwo points on the pageThe interpretation of the parameters,
fromandto, are similarly affected.

If the putflag, deg is ecified, thearrow flag attritutes,arc andray, determine whether
the arrov shaft is a segment of a great circle or a straight liffearc is specified
(default), the result is a great circlegeeent. Selectiorof the flag,ray, produces a
straight line for the arm shaft. If the putflag, inches is Pecified,arc andray have o
effect.

The endpoints of the amoare specified by the parameter atirtids,from andto, as br

theputflag, line. typedetermines the line type used towrthe shaft of the armg while

sizedetermines the size of the anrbdiead in inches. The default value fgpeis 0, while
the default value fosizeis the value ofsymhtgiven in the layout action, if specified;
otherwise, it is the value of the program default symbol size (0.1 inches).

Theputflag, deg(default), may be imoked if output appropriate for perspeati ggometry
on a sphere is desired, with user input of positions and dimensionsgneede
Alternatively, the flag,nches may be used to specify inpusilaes in inches relat © the
current origin ¢ente) of the sphere. These flags apply to the aitebpos of sym
circle, box, num dataandstr; to the attritutes,from andto, of line, and arrow, and to the
attributes,wid andht, of boxand the attribte, rad, of circle. Note that the defaultalue
of ary position attribute is gien by the coordinates of the last point drawn refato the
sphere deg or the corresponding coordinate of the last point placed on the papeg.

7.9 Scope

The scope oput flags and parameters is the currpnt action only All put flags and
parameters rert to their default values in subsequentactions.

One of each object (symbol, circle, box, [arc,] line, num8&ium, string or arrow) may
be dravn in a single put action. The position of each item may be specified
independently If no position values are gen, then the default values are used.
Regadless of the order of input, objects in a singlé action are avays drawn in the
order: symbol, circle, box, [arc,] line, numbdatum, string, arne. This allovs the user
to place a symbol or circle or boxtend an arc or line from it, write a labeled number or
datum and follev the number with a string and then an arinting to a feature of the
plot, without having to specify gnpositions on the plot except for those of the initial
symbol and line segment and the head of thenarro



Subject

ACSL data files
add curves to plot

additional variables (memory)

annotation character font
annotation character size
ASCII data files

arrov

axis annotation character font
axis annotation number size

axis label (linear)

axis label (logrithmic)
axis length (all plots)
axis length (current plot)
axis ofset

axis (origin of current plot)

axis (origin of first plot)
axis scale (linear)
azimuth angle selection
blank plot

box

C language data files
calculator

Cartesian map

center of first sphere
center of current sphere
centered symbol inteal
centered symbol size
centered symbol type
change data

character font
character size

circle

clip (all curwes)

clip (current cure)
cubic spline

Action

read
plot
read
layout
layout
read
put
layout
layout
plot
plot
layout
plot
plot
plot
layout
plot
select
plot
put
read
calc
map
layout
plot
select
layout
select
calc
layout
layout
put
plot
select
plot
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McPlot Quick Reference

Variable

acsl

same

n&tra

font

symht

ascii

arrov

font

numht

X,y label
logx, logy label
axlens

axlens
X, Y start
origin

origin

X,y scale
az

nox,noy

box

o

Xy

center

center
sym intvl
ssht

sym type
rcl,sto

font

symht
circle
clip X,y
clip X,y
smooth

Attribute

Reference Pages

80
117,121
80

91, 96
91, 96
80

126, 130
91, 96
92, 96
112
112

91

110
112
110

90

113
106
112
124129
80

82

89

94

119
102, 107
92, 96
102,107
83

91, 96
91, 96
124,129
115
102
116



Subject

data file name

data record length

data alue

date of plot

dependent variable selection
derivative

distance selection
double precision data
draw arrow

draw box

draw circle

draw line

draw symbol

elevation angle selection
error bars

extra variables (memory)
factor (all plots)

factor (current plot)

final point annotation
final value annotation
font (all plots)

font (current plot)
Fortran data files

grid (all plots)

grid (current plot)

grid line type
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McPlot Quick Reference

Action

read
read
put
layout
select
dot
select
read
put
put
put
put
put
select
select
read
layout
plot
select
select
layout
plot
read
layout
plot
layout

independent variable selection select

index of record (all cures)
index of record (current cum)
initial point annotation

input file

interpolation

interval between symbols

plot
select
select
input

plot
select

landscape mode (current page)plot

landscape mode\(ery page)

layout

Variable

file
var
data
time
y
smooth
d
double
arrov
box
circle
line
sym
el
ebars
n&tra
factor
factor
note fp
note fv
font
font
\arious
grid
grid
grid type
X
first, last
first, last
note ip
file
smooth
sym intvl
page lands
lands

deriv

Attribute

Reference Pages

80

80
125130
93, 96
100

116

106

80

126, 130
124,129
124,129
125,130
124129
106

105

80
90,94
110119
108

103

91, 96
110, 119
80

92

113

92

100
111, 119
100, 106
108

79

116
102,107
118121
92, 96



Subject

legend for current cuey
legend block

line

line ticks

line type

line type for grid

linear axis label

linear axis

linear grid (all plots)

linear grid (current plot)
logarithmic axis label
logarithmic axis
logarithmic grid (all plots)
logarithmic grid (current plot)
Matlab data files

Matlab variable name
maximum (clip all cures)
maximum (clip current cue)
maximum value annotation
minimum (clip all cures)
minimum (clip current cur®)
minimum value annotation
multiple legends

multiple line titles

multiple linear ars

multiple logarithmic ags
name of Matlab ariable
new linear axis

new logarithmic axis

new page

next plot

no axis

number

number of plots per page

Action

slect
plot
put
select
select
layout
plot
plot
layout
plot
plot
plot
layout
plot
read
read
plot
select
select
plot
select
select
plot
plot
plot
plot
read
plot
plot
plot
plot
plot
put
layout

number size for axis annotation layout
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McPlot Quick Reference

Variable

lggend
legend
line

ticks

line

grid

X,y

X,y

grid

grid

logx, logy
logx,logy
grid

grid
matlab
matlab
clip

clip

note

clip

clip

note
same
title

X,y

logx, logy
matlab
X,y

logx, logy
page
next
nox,noy
num
stack
numht

Attribute

type
type
label

label

name
X,y (max)
X,y (max)
max

X,y (min)
X,y (min)
min

newv
nev
name
new
nev

Reference Pages

101107
114120
125,130
104, 109
101107
92

112
112

92

114
112
112

92

114

80

80

115
102
103
115
102
103
115120
111, 120
113
113

80

13
113
118121
118,121
112
124128
91, 95
92, 96



Subject

observation point (all plots)
observation point (current plot)

offset
orientation of all pages

orientation of current page

origin of current plot
origin of first plot

plot factor (all plots)
plot factor (current plot)
plot data file name

plot spacing

plot title

polar plot

portrait mode (current page)

portrait mode (eery page)

precision of annotationalues

radius of sphere (all plots)

radius of sphere (current plot)

radial coordinate selection
range of x (all curgs)
range of x (current cue)
read data

recall data

record length

rectangle

same plot

same page

scale factor for plot

scale for axis

separation between plots
single precision data
skip data points
smoothing

spacing of plots
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Action

layout
plot
plot
layout
plot
plot
layout
layout
plot
read
layout
plot
plot
plot
layout
layout
layout
plot
select
plot
select
read
calc
read
put
plot
plot
plot
plot
layout
read
select
plot
layout

McPlot Quick Reference

Variable

azoelo, dist
azo.elo, dist

X,y

portr lands

page
origin
origin
factor
factor

file

delta

title

polar
page
portr
ndec
radius
radius

d
start, end
start, end

rcl

war
box
same
nopage
factor
X,y
delta
single
skip
smooth
delta

Attribute

start

portr, lands

portr

scale

Reference Pages

93
119
111
9296
118121
110
90
90,94
110119
80
91, 95
111, 120
113
118,121
92, 96
9195
94
119
106
111
100
80
83
80
124,129
117,121
118, 121
110119
112
91, 95
80
101, 106
116
91, 95



Subject

special symbol inteal
special symbol size
special symbol type
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Action

select
layout
select

sphere longitude/latitude spacinglayout

sphere grid style
spherical map

store data

string

symbol

symbol type for cure
symbols on a cues
tick marks on a cuey
time of plot

title of plot
viewpoint (all plots)
viewpoint (current plot)

layout
map
calc
put
put
slect
®lect
lect
layout
plot
layout
plot

McPlot Quick Reference

Variable

sym
ssht

sym

intvl
dottedsolid
sphere

sto

str

sym

sym

sym

ticks

time

title

azoglo, dist
azo.elo, dist

Attribute

intvl

type

type

Reference Pages

102, 107
92, 96
102,107
95

96

89

83
123,128
124129
102107
101, 107
104, 109
93, 96
111, 120
94

119



