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Chapter 2

Introduction

2.1 Notations used in this manual

In this manual, the information that you enter will be typeset in typewriter font.
User input typically takes one of three forms:

e Commands that you enter on the command line.
For example, to compute the sin of 7 /4, you can type

sin(pi/4)

o Commands requiring a prefix key.
These will be indicated by separating the prefix key and the standard key with
a plus +. For example, to exit an Xcas session, you can type the control key
along with the g key, which will be denoted

Ctrl+Q

e Menu commands.
When denoting menu items, submenus will be connected using ». For ex-
ample, from within Xcas you can choose the Fi1le menu, then choose the
Open submenu, and then choose the Fi1e item. This will be indicated by

File » Open b File

The index will use different typefaces for different parts of the language. The
commands themselves will be written with normal characters, command options
will be written in italics and values of commands or options will be written in
typewriter font. For example (as you will see later), you can draw a blue parabola
with the command

plotfunc(x”2,color = blue)
In the index, you will see

e plotfunc, the command, written in normal text.
e color, the command option, written in italics.

e blue, the value given to the option, written in typewriter font.
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2.2 Interfaces for the giac library

The giac library is a C++ mathematics library. It comes with two interfaces for
users to use it directly; a graphical interface and a command-line interface.

The graphical interface is called Xcas, and is the most full-featured interface.
As well being able to do symbolic and numeric calculations, it has its own pro-
gramming language, it can draw graphs, it has a built-in spreadsheet, it can do
dynamic geometry and turtle graphics.

The command-line interface can be run inside a terminal. It can also do sym-
bolic and numeric calculations and works with the programming language. In
a graphical environment, the command-line interface can also be used to draw
graphs.

There is also a web version, which can be run through a browser, either over
the internet or from local files. Other programs (for example, TeXmacs) have
interfaces for the command-line version.

2.2.1 The Xcas interface

How you run Xcas in a graphical environment depends on which operating system
you are using.

e If you are using Unix, you can usually find an entry for the program in a
menu provided by the environment. Otherwise, you can start it from a ter-
minal by typing

xcas &

If for some reason Xcas becomes unresponsive, you can open a terminal
and type

killall xcas

That will kill any running Xcas processes. When you restart Xcas, you
will be asked if you want to resume where you left off using an automatic
backup file.

e If you are running Windows, you can use the explorer to go to the directory
where Xcas is installed. In that directory will be a file called xcas.bat.
Clicking on that file will start Xcas.

e [f you are running Mac OS, you can use the Finder to go to the xcas_image.

file and double-click it. Then double-click the Xcas disk icon. Finally, to
launch Xcas, double-click the Xcas program.

When you start Xcas, a window will pop up with menu entries across the top, a
bar indicating information about the current Xcas configuration, and an entry line
you can use to enter commands. This interface will be described in more detail
later, and you can get help from within Xcas with the menu item

HelpwInterface

dmg
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2.2.2 The command-line interface

In Unix and MacOS you can run giac from a terminal with the command icas
(the command giac also works). There are two ways to use the command-line
interface.

If you just want to evaluate one expression, you can give icas the expression
(in quotes) as a command line argument. For example, to factor the polynomial
x? — 1, you can type

icas ’factor(x"2-1)"
at a command prompt. The result will be
(x=1) * (x+1)

and you will be returned to the operating system command line.

If you want to evaluate several commands, you can enter an interactive giac
session by entering the command icas (or giac) by itself at a command prompt.
You will then be given a prompt specifically for giac commands, which will look
like

0>>
You can enter a giac command at this prompt and get the result.

0>> factor (x72-1)
(x=1) * (x+1)
1>>

After the result, you will be given another prompt for giac commands. You can
exit this interactive session by typing Ctr1+D.

You can also run icas in batch mode; that is, you can have icas run giac
commands stored in a file. This can be done in Windows as well as Unix and Mac
OS. To do this, simply enter

icas filename

at a command prompt, where filename is the name of the file containing the giac
commands.

2.2.3 The Firefox interface

You can run giac without installing it by using a javascript-enabled web browser.
Using Firefox for this is highly recommended; Firefox will run giac several times
faster than Chrome, for example, and Firefox also supports MathML natively.

To run giac through Firefox, you can opentheurl ht tps: //www—fourier.
ujf-grenoble.fr/~parisse/giac/xcasen.html. At the top of this
page is a button which will open a quick tutorial; the tutorial will also tell you how
to install the necessary files to run giac through Firefox without being connected
to the internet.


https://www-fourier.ujf-grenoble.fr/~parisse/giac/xcasen.html
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46 CHAPTER 2. INTRODUCTION

2.2.4 The TeXmacs interface

TeXmacs (http://www.texmacs.orqg)is asophisticated word processor with
special mathematical features. As well as being designed to nicely typeset math-
ematics, it can be used as a frontend for various mathematics programs, such as
giac.

Once you’ve started TeXmacs, you can interactively run giac within TeXmacs
with the menu command Insert»SessionkGiac. Once started, you can en-
ter giac commands as you would in the command-line interface. The TeXmacs
interface will also have a menu specifically for giac commands.

Within TeXmacs, you can combine giac commands and output with ordinary
text. To enter normal text within a giac session, use the menu item Focusp»Insert
Text Field Above. You can reenter a giac entry line by clicking on it with
a mouse.


http://www.texmacs.org

Chapter 3

The Xcas interface

3.1 The entry levels

The Xcas interface can run several independent calculation sessions, each session
will be contained in a separate tab. Before you understand the Xcas interface, it
would help to be familiar with the components of a session.

Each session can have any number of input levels. Each input level will have a
number to the left of it; the number is used to identify the input level. Each level
can have one of the following:

e A command line.
This is the default; you can open a new command line with A1t +N.
You can enter a giac command (or a series of commands separated by
semicolons) on a command line and send it to be evaluated by hitting en-
ter. You can also scroll through the command history with Shift+Up and
Shift+Down.

If the output is a number or an expression, then it will appear in blue text in
a small area below the input region; this area is an expression editor. There
will be a scrollbar and a small M to the right of this area; the M is a menu
which gives you various options.

If the output is a graphic, then it will appear in a graphing area below the
input region. To the right of the graphic will be a control panel allowing you
to manipulate the graphic.

e An expression editor.
You can open an expression editor with A1t +E.

e A two-dimensional geometry screen.
You can open up such a screen with A1t +G. This level will have a screen,
as well as a control panel, menus and a command line to control the screen.

o A three-dimensional geometry screen.
You can open up such a screen with A1t +H. This level will have a screen,
as well as a control panel, menus and a command line to control the screen.

e A turtle graphics screen.
You can open up such a screen with A1t +D. This level will have a screen,
as well as a program editor and command line.

47
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e A spreadsheet.
You can open up a spreadsheet with A1t+T. A spreadsheet will be able to
open a graphic screen.

e A program editor.
You can open up a program editor with A1t +P.

e A comment line. You can open up a comment line with A1t +C.

Using commands discussed later, different types of levels can be combined to form
a single hybrid level. Levels can also be moved up or down in a session, or even
moved to a different session.

The level containing the cursor is the current level. The current level can be
evaluated or re-evaluated by typing enter.

A level can be selected (for later operations) by clicking on the number in the
white box to the left of the level. Once selected, the box containing the number
will turn black. You can select a range of levels by clicking on the number for the
beginning level, and then holding the shift key while you click on the number for
the ending level.

3.2 The starting window

When you first start Xcas, you will be given a largely blank window.

File Edit Cfg Help Toolbox Expression Cmds Prg Graphic Geo Spreadsheet Phys Highschool Turtle |
Unnamed

2| save| Config : exact real RAD 12 xcas 6.2148M | Kbd | X|
ol

The first row will be the main menus; you can save and load Xcas sessions, con-
figure Xcas and its interface and run various commands with entries from these
menus.

The second row will be tabs; one tab for each session that you are running in
Xcas. The tabs will contain the name of the sessions, or Unnamed if a session has
no name. The first time you start Xcas, there will be only one unnamed session.

The third row will contain various buttons.

o The first button, , will open the help index. (The same as the He lp»Index
menu entry.) If there is a command on the command line, the help index (see
help index ,p.50) will open at this command.

e The second button , will save the session in a file. The first time you
click on it, you will be prompted for a file name ending in . xws to save the
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session in. The button will be pink if the session is not saved or if it has
changed since the last change, it will be green once the session is saved. The
name in the title will be the name of the file used to save the session.

o The third button, which in the picture above is
’ Config : exact real RAD 12 xcas 6.2148M ‘, is a status line
indicating the current Xcas configuration. (See section 3.5.) If the session
is unsaved, it will begin with Config :;if the session is saved in a file file-
name.xws, this button will begin with Config filename.xws :.Other
information on this status line:

— exact or approx. (See subsection 3.5.4.) This tells you whether
Xcas will give you exact values, such as /2, when possible or to give
you decimal approximations.

— real, cplx or CPLX. (See subsections 3.5.5 and 3.5.6.) When this
shows real, then (for example) Xcas will by default only find real
solutions of equations. When this shows cplx, the Xcas will find
complex solutions of equations. When this shows CPLX, then Xcas
will regard variables as complex; for example, it won’t simplify re (z)
(the real part of the variable z) to z.

— RAD or DEG. (See subsection 3.5.3.) This tells you whether angles, as
in trigonometric arguments, are measured in radians or degrees.

— An integer. (See subsection 3.5.1, indicating how many significant dig-
its will be used in floating point calculations.

— xcas,maple, mupador ti89. (See subsection 3.5.2.) This tells you
what syntax Xcas will use. Xcas can be set to emulate the languages
of Maple, MuPAD or the TI89 series of calculators.

— The last item indicates how much memory Xcas is using.

Clicking on this status line button will open a window where you can con-
figure the settings shown on this line as well as some other settings; you
can do the same with the menu item Cfg»CAS Configuration. (See
subsection 3.5.7.)

e The fourth button, | STOP | (in red), can be used to halt a computation which
is running on too long.

e The fifth button, , can be used to toggle an on-screen scientific key-
board at the bottom of the window.

esc X
cmds
ctrl msg
paste abc

x |y [+ ] - 0 | o | s | e | inv |+

[ e T [ == ( T, [ T [ i [sae[>]-T-
e e B sic BN oo B tw ~ T =
simpli| prg | lim| In | exp | loglo | 10~ s | /

NN
o
w|w|o|w
%

Along the right hand side of the keyboard are some keys that can be used to
change the keyboard.

— The X key will hide the keyboard, just like pressing the button
again.
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— The cmds key will toggle a menu bar at the bottom of the screen which
can be used as an alternate menu or persistent submenu. This bar will
contain buttons, home, <<, some menu titles, >>, var, cust and X.
The << and >> buttons will scroll through menu items. Clicking on
one of the menu buttons will perform the appropriate action or replace
the menu items by submenu items. When submenu items appear, there
will also be a BACK button to return to the previous menu. Clicking on
the home button returns the menu buttons to the main menu.

After the menu buttons is a var button. This will replace the menu
buttons by buttons representing the variables that you have defined.
After that is a cust button, which will display commands that you
store in a list variable CST.

The last button, X, will close the menu bar.

— The msg key will bring up a message window at the bottom of the
window which will give you helpful messages; for example, if you
save a graphic, it will tell you the name of the file it is saved in and how
to include it in a I&TEX file.

— The abc key will toggle the keyboard between the scientific keyboard
and an alphabetic keyboard.

e The fifth button, , will close the current session.

3.3 Getting help

Xcas is an extensive program, but you can get help in several different ways.

Tooltips

If you hover the mouse cursor over certain parts of the Xcas window, a temporary
window will appear with information about the part. For example, if you move the
mouse cursor over the status line, you will get a message saying Current CAS
status. Click to modify.

If you type a function name into the Xcas command line, a similar temporary
window will appear with information about the function.

HTML help

If you hit the F12 button, you will be given a window in which you can use to
search the html version of the manual. If you type a string in the search area, you
will be given a list of help topics that contain the string. If you choose a topic and
click View, your web browser will show the appropriate page of the manual.

You can also get HTML help with the menu entry Help»Find word in
HTML help.

The help index

If you click on the | 7| button on the status line you will get the help index.
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The help index is a list of the giac function and variable names. Along with
the list, the help index window has an area listing words related to any chosen word
and words synonymous to the chosen word.

You can scroll through the help index items and click on the word that you
want. There is also a line in the help index window that you can use to search the
index; you can enter some text and be taken to the part of the index with words
beginning with that text. The ? button next to this search line will open the HTML
help window.

Below the search line, there is an area which will have a description of the
chosen command, and below that is an area which will have examples of the com-
mand being used. If the command is a function, then between the description and
examples will be some boxes in which you can enter arguments for the command.
Filling in these boxes and hitting enter will put the function on the command line.

At the top of the help index window is a Details button. If you click on that,
a web page will open up in your browser with the relevant portion of the manual.
If you click on the | ? | next to the search line, you will be taken to the HTML help
window.

Besides clicking on the | ? | on the status line, there are other ways to get to the
help index.

e You can get to the help index by using the menu item Help»Index.

e You can press the tab button while at the Xcas command line to get to the
help index. If you have entered part of a command name, you will be at the
part of the index with words beginning with the text that you entered.

e If you select a command from the menu, then as well as putting the command
on the command line, you will be taken to the help index window with the
command chosen.

findhelp

You can get help from Xcas by using the £indhelp function. If you enter
findhelp (function) (or equivalently ?function) at the command input, where
function is the name of a giac function, then some notes on function will ap-
pear in the answer portion and the appropriate page of the manual will appear in
your web browser.

3.4 The menus

34.1 TheFile menu

The File menu contains commands that are used to save sessions and parts of
sessions and load previously saved sessions. This menu contains the following
entries:

e New Session
This will create and open a new session. This session will be in a new tab
labeled Unnamed until you save it (using the menu item FilepSave or
the keystroke A1t +S).
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Open

This will open a previously saved session. There will be a submenu with a
list of saved session files in the primary directory that you can open, as well
as a File item which will open a directory browser you can use to find a
session file. This directory browser can also be opened with A1t -0.

Import

This will allow you to open a session that was created with the Maple CAS,
a TI89 calculator or a Voyage200 calculator. These sessions can then be
executed with the Edit»Execute Session menu entry, but it may be
better to execute the commands one at a time to see if any modifications need
to be done.

Clone

This will create a copy of the current session in a Firefox interface; ei-
ther using the server at http://www—fourier.ujf-grenoble.fr/
~parisse/xcasen.html (Online) or alocal copy (Offline).

Insert
This allows you to insert a previously saved session, a link to a Firefox ses-
sion, or a previously saved figure, spreadsheet or program.

Save (A1t+S)
This will save the current session.

Save as
This will save the current session under a different name.

Save all
This will save all of the sessions.

Export as
This will allow you to save the current session in different formats; either
standard Xcas format, Maple format, MuPAD format or TI89 format.

Kill
This will kill the current session.

Print

This will allow you to save the session in various ways. preview will
save an image of the current session in a file that you name. print will
send an image of the current session to the printer. preview selected
levels will save the images of the commands and outputs of the current
session, each in a separate file.

LaTeX

This will render the session in IATEX and give you the result in various ways.
latex preview will display a compiled IKTEX version of the current ses-
sion. latex print will send a copy of the I&TEXed session to a printer.
latex print selection will save a copy.


http://www-fourier.ujf-grenoble.fr/~parisse/xcasen.html
http://www-fourier.ujf-grenoble.fr/~parisse/xcasen.html
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Screen capture
This will create a screenshot that will be saved in various formats.

Quit and update Xcas
This will quit Xcas after checking for a newer version.

Quit (Ctrl+Q)
This will quit Xcas.

3.4.2 The Edit menu

The Edit menu contains commands that are used to execute and undo parts of the
current session. This menu contains the following entries:

Execute worksheet (Ctrl-F9)
This will recalculate each level in the session.

Execute worksheet with pauses
This will recalculate each level in the session, pausing between calculations.

Execute below
This will recalculate the current level and each level below it.

Remove answers below
This will remove the answers to the current level and the levels below it.

Undo (Ctrl+7)
This will undo the latest edit done to the levels, including the deletion of
levels. It can be repeated to undo more than one edit.

Redo (Ctrl+Y)
This will redo the undone editing.

Paste
This will paste the contents of the system clipboard to the cursor position.

Del selected levels
This will delete any entry levels that you have selected.

selection —> LaTeX (Ctrl+T)

If you select a level, part of a level, or answer with the mouse (click and
drag), this menu item will put a I&TEX version of the selection on the system
clipboard.

New entry (A1t+N)
This will insert a new entry level above the current one.

New parameter (Ctrl+P)
This will bring up a window in which you can enter a name and conditions
for a new parameter.

Insert newline. This will insert a newline below the cursor. Note that
simply typing return will cause the current entry to be evaluated rather than
inserting a newline.
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e Merge selected levels. This will merge the selected levels into a
single level.

3.4.3 The C£g menu

The Cfg menu contains commands that are used to set the behaviour of Xcas.
This menu contains the following entries:

e Cas configuration
This will open a window that you can use to configure how Xcas performs
calculations. This is the same window you get when you click on the status
line.

e Graph configuration
This will open a window that you can use to configure the default settings
for a graph. This includes such things as the initial ranges of the variables.
Each graph will also have a cfg button to configure the settings on a per
graph basis.

e General configuration
This will open a window that you can use to configure various non-computational
aspects of Xcas, such as the fonts, the default paper size, and the like.

e Mode (syntax)
This will allow you to change the default syntax. To begin with, it is Xcas
syntax, but you can change it to Maple syntax, MuPAD syntax or TI89 syn-
tax.

e Show
This will allow you to control parts of Xcas to show.

— DispG
This will show the graphics display screen. This screen will show all
graphical commands from the session together.

— keyboard
This will show the on-screen keyboard; the same as clicking on the
Kbd button on the status line.

— bandeau
This will show the menu buttons at the bottom of the window; the same
as clicking on cmds on the on-screen keyboard.

- msg
This will show the messages window; the same as clicking on msg on
the on-screen keyboard.

e Hide
This will hide the same items that you can show with Show.

e Index language
This will let you choose a language in which to display the help index.
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Colors
This will let you choose colors for various parts of the display.

Session font
This will let you choose a font for the sessions.

All fonts
This will let you choose a font for the session, the main menu and the key-
board.

browser
This will let you choose a browser that Xcas will use when needed. If this
is blank, then Xcas will use its own internal browser.

Save configuration
This will save the configurations that you chose with the Cfg menu or by
clicking on the status line.

3.44 The Help menu

The He 1p menu contains commands that let you get information about Xcas from
various sources. This menu contains the following entries:

Index
This will bring up the help index. (See help index , p.50)

Find word in HTML help (F12)

This will bring up a page which will help you search for keywords in the
html documentation that came with Xcas. The help will be displayed in
your browser.

Interface
This will bring up a tutorial for the Xcas interface. The tutorial will be
displayed in your browser.

Reference card, fiches
This will bring up (in your browser) a pdf reference card for Xcas.

Manuals
This will let you choose from a variety of manuals for XCAS. They will
appear in your browser unless otherwise noted.

— CAS reference
This will bring up a manual for Xcas.

— Algorithmes (HTML)
This will bring up a manual for the algorithms used by Xcas.

— Algorithmes (PDF)
This will bring up a pdf version of the manual for the algorithms used
by Xcas.

— Geometry
This will bring up a manual for two-dimensional geometry in Xcas.
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Programmation
This will bring up a manual for programming in Xcas.

Simulation
This will bring up a manual for statistics and using the Xcas spread-
sheet.

Turtle
This will bring up a manual for using the Turt le drawing screen in
Xcas.

Exercices
This will bring up a page of exercises that you can do with Xcas.

Amusement
This will bring up a page of mathematical amusements that you can
work through with Xcas.

PARI-GP
This will bring up documentation for the GP/PARI functions.

Internet
The Internet menu contains commands that take you to various web
pages related to Xcas. Among them are the following entries:

— Forum

This will take you to the Xcas forum.

— Update help

This will install updated help files (retrieved from the Xcas website).

Start with CAS
This menu has the following entries.

— Tutorial

This opens up the tutorial.

— solutions

This opens up the solutions to the exercises in the tutorial.

Tutoriel algo
This opens up a tutorial on algorithms and programming with Xcas.

Rebuild help cache
This will rebuild the help index.

About
This will display a message window with information about Xcas.

Examples
This will allow you to choose from a variety of example worksheets, which
will then be copied to your current directory and opened.
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3.4.5 The Toolbox menu

The Toolbox menu contains commands that are used to insert operators into the
session. This menu includes the following entries:

e New entry (A1t+N)
This will insert a new level after the current one.

e New comment (Alt+C)
This will insert a new comment level after the current level.

The other entries allow you to insert mathematical operations into the current level.
When you do that, you will also be taken to the help index (See help index , p.50)
with help on the chosen command.

3.4.6 The Expression menu

The Expression menu contains commands that are used to transform expres-
sions. The first entry is New expression (which is equivalent to A1t +E),
which will insert a new level above the current level and bring up the on-screen
keyboard. The rest of the entries can be used to insert a transformation.

3.4.7 The Cmds menu

The Cmds menu contains various giac functions and constants.

3.4.8 The Prg menu

The Prg menu contains commands that are used to write giac programs. The
first entry, Prg»New program (equivalent to A1t+P) , will insert a program
level and bring up the program editor. The other entries are useful commands for
writing giac programs.

3.49 The Graphic menu

The Graphic menu contains commands that are used to create graphs. The first
entry, GraphiceAttributs (equivalent to A1t +K) , will bring up a window
contains different attributes of the graph (such as line width, color, etc.) The other
entries are commands for creating and manipulating graphs.

3.4.10 The Geo menu

The Geo menu contains commands that are used to work with two- and three-
dimensional geometric figures. The first two entries, Geo»New figure 2d
(equivalent to A1t +G) and GeowNew figure 3d (equivalent to Alt+H) will
create a level for creating two- and three-dimensional figures, respecitively. The
other menu items are for working with the figures.
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3.4.11 The Spreadsheet menu

The Spreadsheet menu contains commands that are used to work with spread-
sheets. The first menu item, Spreadsheet®»New spreadsheet (equivalent
to A1t+T), will bring up a window where you can set the size and other attributes
of a spreadsheet and then one will be created. The submenus contain commands
for working with spreadsheets. Notice that the spreadsheet itself will have menus
that are the same as these submenus.

3.4.12 The Phys menu

The Phys menu contains submenus with various categories of constants, as well
as functions for converting units.

3.4.13 The Highschool menu

The Highschool menu contains computer algebra commands that are useful
at different levels of highschool. There is also a Program submenu with some
program control functions.

3.4.14 The Turtle menu

The Turt le menu contains the commands that are used to in a Turtle screen. The
first menu item, Turt lem»New turtle, will create a Turtle drawing screen, the
other menu items contain commands for working with the screen.

3.5 Configuring Xcas

3.5.1 The number of significant digits

By default Xcas uses and displays 12 significant digits, but you can set the number
of digits to other positive integers. If you set the number of significant digits to a
number less than 14, then Xcas will use the computer’s floating point hardware,
and so calculations will be done to more significant digits than you asked for, but
only the number of digits that you asked for will be displayed. If you set the
number of significant digits to 14 or higher, then both the computations and the
display will use that number of digits.

You can set the number of significant digits for Xcas by using the CAS con-
figuration screen (see subsection 3.5.7). The number of significant digits is stored
in the variable DIGITS or Digits, so you can also set it by giving the variable
DIGITS anew value, as in DIGITS:= 20. The value will be stored in the con-
figuration file (see subsection 3.5.10), and so can also be set there.

3.5.2 The language mode

Xcas has its own language which it uses by default, but you can have it use the
language used by Maple, MuPAD or the TI89 calculator.

You can set which language Xcas uses in the CAS configuration screen (see
subsection 3.5.7). You can also use the function maple_mode. If you give it
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an argument of 0, maple_mode (0), then Xcas will use its own language. If
you give it an argument of 1, maple_mode (1), then Xcas will use the Maple
language. If you give it an argument of 2, maple_mode (2), then Xcas will use
the MuPAD language. Finally, if you give it an argument of 3, maple_mode (3),
then Xcas will use the TI89 language.

The language you want to use will be stored in the configuration file (see sub-
section 3.5.10), and so can also be set there.

3.5.3 The units for angles

By default, Xcas will assume that any angles you give (for example, as the argu-
ment to a trigonometric function) is being measured in radians. If you want, you
can have Xcas use degrees.

You can set which angle measure Xcas uses in the CAS configuration screen
(see subsection 3.5.7). Your choice will be stored in the variable angle_radian;
this will be 1 if you measure your angles in radians and 0 if you measure your
angles in degrees. You can also change which angle measure you use by setting
the variable angle_radian to the appropriate value. The angle measure you
want to use will be stored in the configuration file (see subsection 3.5.10), and so
can also be set there.

3.5.4 Exact or approximate values

Some number, such as 7 and v/2, can’t be written down exactly as a decimal num-
ber. When computing with such numbers, Xcas will leave them in exact, symbolic
form. If you want, you can have Xcas automatically give you decimal approxima-
tions for these numbers.

You can set whether or not Xcas will give you exact or approximate values
from the CAS configuration screen. Your choice will be stored in the variable
approx_mode, where a value of 0 means that Xcas should give you exact an-
swers when possible and a value of 1 means that Xcas should give you decimal
approximations. Your choice will be stored in the configuration file (see subsection
3.5.10), and so can also be set there.

3.5.5 Complex numbers

When factoring polynomials, Xcas won’t introduce complex numbers if they aren’t
already being used. For example,

factor(x"2 + 2)
will simply return
x"2 + 2
but if an expression already involves complex numbers then Xcas will use them;
factor (1i*x"2 + 2%1i)
will return

(x — ixsqgrt(2))=*(ix*x - sqgrt(2))
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Xcas also has ways of finding complex roots even when complex numbers are
not present; for example, the command cfactor will factor over the complex
numbers

cfactor (x”2 + 2)
will return
(x — ixsgrt(2))x(x + ixsqgrt (2))

If you want Xcas to use complex numbers by default, you can turn on complex
mode. In complex mode,

factor(x"2 + 2)
will return
(x — ixsqrt(2))*(x + ixsgrt(2))

You can turn on complex mode from the CAS configuration screen. This mode
is determined by the value of complex_mode; if this is 1 then complex mode is
on, if this variable is O then complex mode is off. This option will be stored in the
configuration file (see subsection 3.5.10), and so can also be set there.

3.5.6 Complex variables

New variables will be assumed to be real; functions which work with the real and
imaginary parts of variables will assume that a variable is real. For example, re
returns the real part of its argument and im returns the imaginary part, and so

re(z)
returns
z
and
im(z)
returns
0

If you want variables to be complex by default, you can have Xcas use com-
plex variable mode. You can set this from the CAS configuration screen. Your
choice will be stored in the variable complex_variables, where a value of 0
means that Xcas will assume that variables are real and and a value of 1 means
that Xcas will assume that values are complex. Your choice will be stored in the
configuration file (see subsection 3.5.10), and so can also be set there.
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3.5.7 Configuring the computations

You can configure how Xcas computes by using the menuitem Cfg»Cas configuration
or by clicking on the status line. You will then be given a window in which you
can change the following options:

e Prog style (default: Xcas)
You will have a menu from which you can choose a different language to pro-
gram in; you can choose from Xcas, Xcas (Python), Maple, Mupad
and TI89/92.

eval (default: 25)
You can type in a positive integer indicating the maximum number of recur-
sions allowed when evaluating expressions.

prog (default: 1)
You can type in a positive integer indicating the maximum number of recur-
sions allowed when executing programs.

recurs (default: 100)
You can type in a positive integer indicating the maximum number of recur-
sive calls.

debug (default: 0)

You can type in an integer, O or 1. If this is 1, then Xcas will display
intermediate information on the algorithms used by giac. If this number is
0, then no such information is displayed.

e maxiter (default: 20)
You can type in an integer indicating the maximum number of iterations in
Newton’s method.

e Float format (default: standard)
You will have a menu from which you can choose how to display decimal
numbers. Your choices will be:

— standard In standard notation, a number will be written out com-
pletely without using exponentials; for example, 15000.12 will be
displayed as 15000.12.

— scientific In scientific notation, a number will be written as a
number between 1 and 10 times a power of ten; for example, 15000.12
will be displayed as 1.500012000000e+04 (where the number af-
ter e indicates the power of 10).

— engineer In engineer notation, a number will be written as a number
between 1 and 1000 times a power of ten, where the power of 10 is
a multiple of three. For example, 15000.12 will be displayed as
15.00012e3.

e Digits (default: 12)
You can enter a positive integer which will indicate the number of significant
digits.
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epsilon (default: 1e-12)

You can enter a floating point number which will be the value of epsilon
used by epsilon2zero, which is a function which replaces numbers with
absolute value less than epsilon by 0.

proba (default: le-15)

You can enter a floating point number. If this number is greater than zero,
then in some cases giac can use probabilistic algorithms and give a result
with probability of being false less than this value. (One such example of
a probabilistic algorithm that giac can use is the algorithm to compute the
determinant of a large matrix with integer coefficients.)

approx (default: unchecked)

You will be given a checkbox. If the box is checked, then exact numbers such
as v/2 will be given a floating point approximation. If the box in unchecked,
then exact values will be used when possible.

autosimplify (default: 1)

You can enter a simplification level of 0, 1 or 2. A value of 0 means no
automatic simplification will be done, a value of 1 means grouped simplifi-
cation will be automatic. A value of 2 means that all simplification will be
automatic.

threads (default: 1)
You can enter a positive integer to indicate the number of threads (for a
possible future threaded version).

Integer basis (default: 10)
You will be given a menu from which you can choose an integer base to
work in; your choices will be 8, 10 and 16.

radian (default: checked)
You will be given a checkbox. If the box is checked, then angles will be
measured in radians, otherwise they will be measured in degrees.

Complex (default: unchecked)

You will be given a checkbox. If this box is checked, then giac will work
in complex mode, meaning, for example, that polynomials will be factored
with complex numbers if necessary.

Cmplx_var (default: unchecked)

You will be given a checkbox. If this box is checked, then variables will
by default be assumed to be complex. For example, the expression re (z)
won’t be simplified to simply z. If this box is unchecked, then re (z) will
be simplified to z.

increasing power (default: unchecked)

You will be given a checkbox. If this box is checked, then polynomials will
be written out in increasing powers of the variable; otherwise they will be
written in decreasing powers.
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All_trig_sol (default: unchecked)

You will be given a checkbox. If this box is unchecked, then only the pri-
mary solutions of trigonometric equations will be given. For example, the
solutions of cos (x) =0 will be the pair [-pi/2,pi/2]. If this box is
checked, then the solutions of cos (x) =0 willbe [ (2+n_0x*pi + pi) /21,
where n_ 0 can be any integer.

Sgrt (default: checked)

You will be given a checkbox. If this box is checked, then the factor
command will factor second degree polynomials, even when the roots are
not in the field determined by the coefficients. For example, factor (x"2
- 3) will return (x — sqgrt(3))*(x + sqgrt(3)). If this box is
unchecked, then factor (x"2 - 3) willreturn x"2 - 3.

This page will also have buttons for applying the settings, saving the settings for
future sessions, canceling any new settings, or restoring the default settings.

3.5.8 Configuring the graphics

You can configure each graphics screen by clicking on the c £ g button on the graph-

ics screen’s control panel to the right of the graph. You can also change the default

graphical configuration using the the menuitem Cfg»-Graph configuration.
You will then be given a window in which you can change the following options:

X—and X+
These will determine the x values for which calculations will be done.

Y- and Y+
These will determine the y values for which calculations will be done.

Z—and 7+
These will determine the z values for which calculations will be done.

t—and t+
These will determine the ¢ values for which calculations will be done, when
plotting parametric curves, for example.

WX- and WX+
These will determine the range of x values for the viewing window. done.

WY- and WY+
These will determine the range of y values for the viewing window.

class_min
This will determine the minimum size of a statistics class.

class_size
This will determine the default size of a statistics class.

autoscale
When checked, the the graphic will be autoscaled.
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ortho
When checked, all axes of the graphic will be scaled equally.

>W and W>
These are convenient shortcuts to copy the X—, X+, Y- and Y+ values to
WX—, WX+, WY— and WY+, or the other way around.

This page will also have buttons for applying the settings, saving the settings for
future sessions, or canceling any new settings.

3.5.9 More configuration

You can configure other aspects of Xcas (besides the computatioonal aspects and
graphics) using the the menu item Cfg»General configuration. You will
then be given a window in which you can change the following options:

Font
This lets you choose a session font, the same as choosing the menu item
CfgpSession font.

Level
This will determine what type of level should be open when you start a new
session.

browser

This will determine what browser Xcas should use when it requires one, for
example when displaying help. If this is empty, Xcas will use its built-in
browser.

Auto HTML help

If this box is checked, then whenever you choose a function from a menu,
a help page for that function will appear in your browser. Regardless of
whether this box is checked or not, the help page will also appear in your
browser if you type ?function in a command box.

Auto index help If this box is checked, then whenever you choose a
function from a menu, the help index page for that function will appear. This
is the same page you would get from choosing the function from the help
index.

Print format

This will determine the paper size for printing and saving files. There is also
a button you can use to have the printing done in landscape mode; if this
button is not checked, the printing will be done in portrait.

Disable Tool tips
If this is checked, Xcas will stop displaying tool tips.

rows and columns
These will determind the default number of rows and columns for the matrix
editor and spreadsheet.

PS view
This determines what program will be used to preview Postscript files.
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3.5.10 The configuration file

When you save changes to your configuration, this is stored in a configuration
file, which will be .xcasrc in your home directory in Unix and xcas.rc in
Windows. This file will have four functions — widget_size, cas_setup,
maple_mode and xyztrange — which determine the configuration and which
are evaluated when Xcas starts.

3.6 Printing and saving

3.6.1 Saving a session

Each tab above the status line represents a session, the active tab will be yellow.
The label of each tab will be the name of the file that the session is saved in; if the
session hasn’t been saved the tab will read Unnamed.

You can save your current session by clicking on the Save button on the status
line. If the session contains unsaved changes the Save button will be red; the
button will be green when nothing needs to be saved. The first time that you save a
session you will be prompted for a file name; you should choose a name that ends
in . xws. Subsequent times that you save a session it will be saved in the same file;
to save a session in a different file you can use the menu item Filew»Save as.

If you have a session saved in a file and you want to load it in a tab, you can
use the menu item FilewOpen. From there you can choose a specific file from
a list or open a directory browser that you can use to choose a file. The directory
browser can also be opened with A1t -0.

3.6.2 Saving a spreadsheet

If you have a spreadsheet in one of the levels, you can save it separately from the
rest of the session.

Once a spreadsheet is inserted, it will have menus right next to the level number.
If you select the TablewSave sheet as text menu, you will be prompted
for a file name. You should choose a file name that ends in .tab. Once you
save the spreadsheet, there will be a button to the right of the menus which you
can use to save any changes you make. If you want to save the spreadsheet under
a different name, you can use the Table®Save as alternate filename
menu entry. You can also use the TablepSave as CSV and TablepSave
as mathml menu entries to save the spreadsheet in other formats.

You can use the Talb1le menu to insert previously saved spreadsheets; the menu
item Tablep Insert will bring up a directory browser you can use to select a
file to enter.

3.6.3 Saving a program

You can open up a level in which to write an Xcas program with the menu item
Prgw»New program (which isequivalent to 21t —P). If you select this item, you
will be prompted for information to fill out a template for a program and then be
left in the program editor.



66 CHAPTER 3. THE XCAS INTERFACE

At the top of the program editor there will be menus and buttons, at the far right
will be a Save button that you can press to save the program. The first time you
save a program, you will be prompted for a file name, you should choose a name
ending in . cxx. Once a program is saved, the file name will appear to the right of
the Save button. If you want to save the program under a different name, you can
use the Progp-Save as item from the program editor menu.

To insert a previously saved program, you can use the Prog»Load item from
the program editor menu.

3.6.4 Printing a session

You can print a session with the FilepPrint»to printer menu item.

If you prefer to save the printed form as a file, youcanuse the FilepPrint»preview
menu item. You will prompted for a file name to save the printed form in; the
file will be a PostScript file, so the name should end in . ps.If you only want to
save certain levels in printable form, you can use the FilepPrint»preview
selected levels menu item; this file will be encapsulated PostScript, so the
name should end in . eps.

3.7 Translating to other computer languages

Xcas can translate a session, or parts of a session, to other computer languages;
notably I&TEX and MathML.

3.7.1 Translating an expression to BTgX

The command latex will translate an expression to a I&IEX expression. If you
enter latex (expression), then the expression will be evaluated and the result
will be given to you in the ISIEX typesetting language. For example, if you enter

latex (1+1/2)
you will get
\frac{3}{2}

3.7.2 Translating the entire session to IXTgX

If you want to save your entire document as a complete I&IEX file, you can use the
menu item FileplaTeX preview selection

3.7.3 Translating graphical output to BTEX

You can see all of your graphic output at once on the DispG screen, which you
can bring up with the command DispG (). (This screen can be cleared with the
command line command erase ().) On the DispG screen there willbe a Print
menu; the Print»latex print will give you several in files DispG.tex,
DispG.ps,DispG.ps and DispG. png with the graphics in different formats.
To save it without using the DispG () command you can use the graph2tex
command, which will save all graphic output to a ISIEX file of your choosing. For
example, to save your graphs tomyfile.tex, you can enter the command
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graph2tex ("myfile.tex")

to get a IKIEX file myfile.tex with the graphs. To save a three-dimensional
graph, you can use the command graph3d2tex.

To save a single graph as a IATgX file, you can use the M menu to the right of the
graph. Selecting M»Export PrintmPrint (LaTeX) will save the current
graph. You can also save a single graph by selecting that level, then use the menu
item FilepLaTeXpLaTeX print selection. This method will save the
graph in several formats; sessionO.tex, session0.dvi, session0.ps
and session0.png, or with session0 replaced by the session name.

3.7.4 Translating an expression to MathML
The mat hmml command will take an expression and return the result in MathML.
For example, if you enter
mathml (1/4 + 1/4)
you will get

<?xml version="1.0" encoding="iso-8859-1"7?>

<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.1 plus MathML 2.0//EN"
"http://www.w3.0rg/TR/MathML2/dtd/xhtml-mathll-f.dtd" [

<!ENTITY mathml "http://www.w3.0rg/1998/Math/MathML">

1>

<html xmlns="http://www.w3.0rg/1999/xhtml">

<body>

<math mode="display" xmlns="http://www.w3.0org/1998/Math/MathML">
<mfrac><mrow><mn>1</mn></mrow><mrow><mn>2</mn></mrow></mfrac>
</math><br/>

</body>
</html>

which is the number 1/2 in MathML form, along with enough information to make
it a complete HTML document.

3.7.5 Translating a spreadsheet to MathMML

You can translate an entire spreadsheet to MathML with the spreadsheet menu
command TablewSave as mathml.

3.7.6 Translating a Maple file to Xcas
You can translate a file of Maple commands to the Xcas language with the maple2xcas
command, as in

maple2xcas ("MapleFile", "XcasFile")

This command takes two arguments, the name of the Maple input file and the name
of the file where you want to save the Xcas commands.
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Chapter 4

Entry in Xcas

4.1 Suppressing output

If you enter a command into Xcas, the result will appear in the output box below
the input. If you enter

a := 242
then
4

will appear in the output box. You can evaluate the input and suppress the output
with the nodisp command. If you enter

nodisp(a := 2+2)
then a will still be set to 4, but the result will not appear in the output box. Instead,
Done

will appear.
An alternate way of suppressing the output is to end the input with : ;, if you
enter

b := 3+3:;

then b will be set to 6 but it won’t be displayed.

4.2 Entering comments

You can annotate an Xcas session by adding comments. You can enter a comment
on the current line at any time by typing A1t +C. The line will appear in green text
and conclude when you type Enter. Comments are not evaluated and so have no
output. If you have begun entering a command when you begin a comment, the
command line be pushed down so that you can finish it when you complete the
comment.

You can open the browser in a comment line by entering the web address be-
ginning with the @ sign. If you enter the comment line

69
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The Xcas homepage 1is at
@www-fourier.ujf-grenoble.fr/ parisse/giac.html

then the browser will open to the Xcas home page.

To add a comment to a program, rather than a session, you can use the comment
command, which takes a string as an argument. Alternatively, any part of a pro-
gram between // and the end of the line is a comment. So both

bs () := {comment ("Hello"); return "Hi there!";}

and

bs() := { // Hello
return "Hi there!";}

are programs with the comment "Hello".

4.3 Editing expressions

You can enter expressions on the command line, but Xcas also has a built-in ex-
pression editor that you can use to enter expressions in two dimensions, the way
they normally look when typeset. When you have an expression in the editor, you
can also manipulate subexpressions apart from the entire expression.

4.3.1 Entering expressions in the editor

The expression
x+2
2 —4

can be entered on the command line with
(x+2)/(x"2-4)

You also can use the expression editor to enter it visually, as 2 + 2 on top of 2 — 4.
To do this, you can start the expression editor with the A1t +E keystroke (or the
Expression B New Expression menu command). There will be a small
M on the right side of the expression line, which is a menu with some commands
you can use on the expressions. There will also be a 0 selected on the expression
line and an on-screen keyboard at the bottom. If you type x + 2, it will overwrite
the 0. To make this the top of the fraction, you can select it with the mouse (you
can also make selections with the keyboard, as will be discussed later) and then
type /. This will leave the x + 2 on the top and the cursor on the bottom. To
enter 22 — 4 on the bottom, begin by typing x. Selecting this x and typing "2
will put on the superscript. Finally, selecting the x? and typing — 4 will finish the
bottom. If you then hit Enter, the expression will be evaluated and will appear
on the output line.
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4.3.2 Subexpressions

Xcas can operate on expressions in the expression editor or subexpressions of the
expression. To understand subexpressions and how to select them, it helps to know
that Xcas stores expressions as trees.

A tree, in this sense, consists of objects called nodes. A node can be connected
to lower nodes, called the children of the first node. Each node (except one) will be
connected to exactly one node above it, called the parent node. One special node,
called the root node, won’t have a parent node. Two nodes with the same parent
nodes are called siblings. Finally, if a node doesn’t have any children, it is called a
leaf. This terminology comes from a visual representation of a tree,

which looks like an upside-down tree; the root is at the top and the leaves are at the
bottom.

Given an expression, the nodes of the corresponding tree are the functions, op-
erators, variables and constants. The children of a function node are its arguments,
the children of an operator node are its operands, and the constants and variables
will be the leaves. For example, the tree for sin(2 * x + y) will look like

A subexpression of an expression will be a selected node together with the nodes
below it. For example, both 2« x and 2 x x + y are subexpressions of sin(2*x +y),
but = + y is not.

A subexpression of the contents of the expression editor can be selected with
the mouse; the selection will appear white on a black background. A subexpression
can also be chosen with the keyboard using the arrow keys. Given a selection:
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e The up arrow will go to the parent node.
e The down arrow will go to the leftmost child node.
o The right and left arrows will go to the right and left sibling nodes.

e The control key with the right and left arrows will switch the selection with
the corresponding sibling.

e If a constant or variable is selected, the backspace key will delete it. For
other selections, backspace will delete the function or operator, and another
backspace will delete the arguments or operands.

You can use the arrow keys to navigate the tree structure of an expression,
which isn’t always evident by looking at the expression itself. For example, sup-
pose you enter x*y*z in the editor. The two multiplications will be a different

levels; the tree will look like

If you select the entire expression with the up arrow and then go to the M menu to
the right of the line and choose eval, then the expression will look the same but, as
you can check by navigating it with the arrow keys, the tree will look like

4.3.3 Manipulating subexpressions

If a subexpression is selected in the expression editor, then any menu command
will be applied to that subexpression.
For example, suppose that you enter the expression

(X+1) * (x+2) » (x—1)

in the expression editor. Note that you can use the abilities of the editor to make
this easier. First, enter x+1. Select this with the up arrow, then type * followed by
x+2. Select the x+2 with the up arrow and then type » followed by x—1. Using
the up arrow again will select the x—1. Select the entire expression with the up
arrow, and then select eval from the M menu. This will put all factors at the same
level. Suppose you want the factors (x+1) » (x+2) to be expanded. You could
select (x+1) = (x+2) with the mouse and do one of the following:
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e Select the ExpressionpMiscPpnormal menu item. You will then have
normal ( (x+1)x (x+2) ) (x—1) in the editor. If you hit enter, the result
(22 + 32 + 2) * (z — 1) will appear in the output window.

e Again, select the Expressionp»Miscwnormal menu item, SO again you
have normal ( (x+1) = (x+2)) x (x—1) in the editor. Now if you select
eval from the M menu, then the expression in the editor will become the
result (22 + 3z + 2) * (z — 1), which you can continue editing.

e Choose normal from the M menu. This will apply normal to the selection,
and again you will have the result (z2 + 3z + 2) * (x — 1) in the editor.

There are also keystroke commands that you can use to operate on subexpres-
sions that you’ve selected. There are the usual Ctr1+Z and Ctr1+Y for undoing
and redoing. Some of the others are given in the following table.

Key Action on selection

Ctrl+D differentiate

Ctrl+F factor

Ctrl+L limit

Ctrl+N normalize

Ctrl+p partial fraction

Ctrl+R integrate

Ctrl+s simplify

Ctrl+T copy IATEX version to clipboard

4.4 Previous results

The ans command will return the results of previous commands. The input to
ans is the number of the command, beginning with 0. If the first command that
you enter is

2+5
resulting in
7

then later references to ans (0) will evaluate to 7.

Note that the argument to ans doesn’t correspond to the line number in Xcas.
For one thing, the line numbers begin at 1. What’s more, if you go back and re-
evaluate a previous line, then that will become part of the commands that ans
keeps track of.

If you give ans a negative number, then it counts backwards from the current
input. To get the latest output, for example, you can use ans (-1). With no
argument, ans () wil also return the latest output.

Similarly, quest will return the previous inputs. Since these will often be
simplified to be the same as the output, quest (n) sometimes has the same value
as ans (n).

You can also use Ctrl plus the arrow keys to scroll through previous inputs.
With the cursor on the command line, Ct r1+uparrow will go backwards in the
list of previous commands and Ctr1+downarrow will go forwards.
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Spreadsheet

4.5.1 Opening a spreadsheet

You can open a spreadsheet (or a matrix editor) with the Spreadsheet»New
Spreadsheet menu item or with the key A1t +T.

When you open a new spreadsheet, you will be given a configuration screen.
The configuration screen allows you to set the following options:

Variable The name of the file where the spreadsheet will be saved.
Rows and Columns The number of rows and columns in the spreadsheet.

Eval Whether or not to automatically re-evaluate the entries in the spread-
sheet after each change. If this is not checked, then you can re-evaluate the
spreadsheet with the eval button on the spreadsheet menu bar.

Distribute Whether or not entering a matrix into a cell will keep the
entry in a single cell or distribute it across an appropriate array of cells.

Landscape Whether the graphical representation of the spreadsheet should
be displayed below the spreadsheet or to the right of the spreadsheet. If this
is checked, it will be displayed below the spreadsheet.

Move right Whether or not to move to the cell to the right of the current
cell when data is entered. If this is not checked, you will be moved to the
cell below the current cell.

Spreadsheet Whether to format a spreadsheet or a matrix.

Graph Whether or not to display the graphical representation of the spread-
sheet.

4.5.2 The spreadsheet window

When you open a spreadsheet, the input line will become the spreadsheet.

Table Edit Maths [eval [ val [ init | 2-d [ 3-d [ Save SpreadsheetName.tab
A0
Sheet config: - Spreadsheet SpreadsheetName R40C10 auto down fill F
A [ B C D E

N ;‘@‘m‘qmm‘b‘w‘w,_.o
©O>000 00000 OO0
HXOOOOOOOOOO
N>OOOOoOOOOOOO
wWXoOo0OO0O0O0O0OO0O0OO0O
pDOOOCOOOOOOOO

o

The top will be a menu bar with Table, Edit and Maths menus as well as
eval,val, init, 2—-d and 3-d buttons. To the right will be the name of the file
the spreadsheet will be saved into. Below the menu bar will be two boxes; a box
which displays the active cell (and can be used to choose a cell) and a command
line to enter information into the cell. Below that will be a status line, you can click
on this to return to the configuration screen.
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4.6 Variables

4.6.1 Variable names

A variable or function name is a sequence of letters, numbers and underscores that
begins with a letter. If you define your own variable or function, you can’t use the
names of built-in variables or functions, or other keywords reserved by Xcas.

4.6.2 Assigning values

You can assign a value to a variable with the : = operator. For example, to give the
variable a the value of 4, you can enter

a := 4

Alternatively, you can use the => operator; when you use this operator, the value
comes before the variable;

4 => a

The function sto or Store can also be used; again, the value comes before the
variable

sto (4, a)

After any one of these commands, any time you use the variable a in an expression,
it will be replaced by 4.

You can use sequences or lists to make multiple assignments at the same time.
For example,

(a,b,c) = (1,2,3)

will assign a the value 1, b the value 2 and c the value 3. Note that this can be
used to switch the values of two variables; with a and b as above, the command

(a,b) := (b,a)

will set a equal to b’s original value, namely 2, and will set b equal to a’s original
value, namely 1.

Another way to assign values to variables, useful in Maple mode, is with the
assign. If you enter

assign (a, 3)
or
assign(a = 3)
then a will have the value 3. You can assign multiple values at once; if you enter
assign([a = 1, b = 2])

then a will have the value 1 and b will have the value 2. This command can be
useful in Maple mode, where solutions of equations are returned as equations. For
example, if you enter (in Maple mode)
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sol := solve([x + y =1, y = 2])

you will get

If you then enter
assign(sol)

the variable x will have value —1 and y will have the value 2. This same effect can
be achieved in standard Xcas mode, where

sol := solve([x + y =1, yv = 2])

will return

In this case, the command
[x,y] := sol[0]

will assign x the value —1 and y the value 2.

4.6.3 Assignment by reference

A list is simply a sequence of values separated by commas and delimited by [ and
] (see section 5.38). Suppose you give the variable a the value [1,1,3,4,5],

a = [112131415]

If you later assign to a the value [1, 2, 3, 4, 5], then a new list is created. It may
be better to just change the second value in the original list by reference. This can
be done with the =< command. Recalling that lists are indexed beginning at 0, the
command

all] =< 2
will simply change the value of the second element of the list instead of creating a
new list, and is a more efficient way to change the value of ato [1,2, 3,4, 5].
4.6.4 Copying values of list
If you enter
listl := [1,2,3]
and then
list2 := 1listl

then 1ist1 and 1ist2 will be equal to the same list, not simply two lists with the
same elements. In particular, if you change (by reference) the value of an element
of 1ist1, then the change will also be reflected in 1ist2. For example, if you
enter
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listl[1] =< 5

then both 1istl and 1ist2 will be equalto [1,5, 3].
The copy command will create a copy of a list (or vector or matrix) which is
equal to the original list, but distinct from it. For example, if you enter

listl := [1,2,3]
and then
list2 := copy(listl)
then 1istl and 1ist2 will bothbe [1, 2, 3], but now if you enter
listl[1l] =<5

then both 1ist1 will be equalto [1,5, 3] but 1ist2 will stillbe [1, 2, 3].

4.6.5 Incrementing variables

You can increase the value of a variable a by 4, for example, with
a :=a + 4

If beforehand a were equal to 4, it would now be equal to 8. A shorthand way of
doing this is with the += operator;

will also increase the value of a by 4.
Similar shorthands exist for subtraction, multiplication and division. If a is
equal to 8 and you enter

then a will be equal to 6. If you follow this with
a *= 3

then a will be equal to 18, and finally

will end with a equal to 2.

4.6.6 Storing and recalling variables and their values

You can store variables and their values for later use in a file of your choosing with
the archive function. This function takes two arguments, a filename to store the
variables in and a variable or list of variables.

If you have given the variable a the value 2 and the variable bee the value
"letter" (astring), then entering

archive ("foo", [a,bee])
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will create a file named “foo” which contains the values 2 and "letter" ina
format meant to be efficiently read by Xcas.

You can recall the values stored by archive with the unarchive command,
which takes a file name as argument. If the file “fo0” is as above, then

unarchive ("foo")
will result in
[2, letter]
If you want to reassign these values to a and bee, you can enter

[a,bee] := unarchive("foo")

4.6.7 Copying variables
If a variable has a value, such as
a =1
and you set a second variable to the first variable
b :=a

the new variable will have the same value as the first; in this case b will be equal
to 1. If you later give the first variable a new value;

a := 5

the new value will still have the old value, in this case, b will still be equal to 1.

The CopyVar command will copy one variable to another without evaluating
the first variable; the new variable will simply be a copy of the first. With a having
the value of 5, as above, the command

CopyVar (a, c)

will make ¢ a copy of the variable a, so it will have the value 5 also. If you now
change the value of a

a := 10

then the value of ¢ will also change; here, ¢ will now have the value 10.

4.6.8 Assumptions on variables
If you enter
abs (var)

the Xcas will return it unevaluated, since Xcas doesn’t know what type of value
the variable is supposed to represent.

The assume (or supposons) command will let you tell Xcas some proper-
ties of a variable without giving the variable a specific value. For example, if you
enter
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assume (var > 0)
then Xcas will assume that var is a positive real number, and so for example
abs (var)
will be evaluated to
var

You can put one or more conditions in the assume command by combining
them with and and or. For example, if you want the variable a to be in [2,4) U
(6, 00), you can enter

assume((a >= 2 and a < 4) or a > 06)

If a variable has attached assumptions, then making another assumption with
assume will remove the original assumptions. To add extra assumptions, you can
either use the additionally command or give assume a second argument of
additionally. If you assume that b > 0 with

assume (b > 0)
and you want to add the condition that b < 1, you can either enter
assume (b < 1, additionally)
or
additionally(b < 1)

As well as equalities and inequalities, you can make assumptions about the
domain of a variable. If you want n to represent a positive integer, for example,
you can enter

assume (n, integer)
If you want n to be a positive integer, you can add the condition
additionally(n > 0)

You can use the about command to check the assumptions on a variable; for
the above positive integer n, if you enter

about (n)
you will get
assume [integer, [1ine [0, +infinity]], [0]]

The first element tells you that n is an integer, the second element tells you that n
is between O and +infinity, and the third element tells you that the value 0 is
excluded.

If you assume that a variable is equal to a specific value, such as

assume (c = 2)
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then by default the variable ¢ will remain unevaluated in later levels. If you want
an expression involving c to be evaluated, you would need to put the expression
inside the eval f command; if you enter

evalf(c™2 + 3)
then you will get
7.0

Right below the assume (¢ = 2) command line there will be a slider, namely
arrows pointing left and right with the value 2 between them. These can be used
to change the values of c. If you click on the right arrow, the assume (¢ = 2)
command will transform to

assume (¢c=[2.2,-10.0,10.0,0.01)

and the value between the arrows will be 2.2. Also, any later levels where the
variable c is evaluated will be re-evaluated with the value of ¢ now 2.2. The
outputtoevalf (¢c”2 + 3 will become

7.84

The -10.0and 10. 0 in the assume line represent the smallest and largest values
that ¢ can become using the sliders. You can set them yourself in the assume
command, as well as the increment that the value will change; if you want c to
start with the value 5 and vary between 2 and 8 in increments of 0. 05, then you
can enter

assume (c = [5,2,8,0.05])

You can remove any assumptions you have made about a variable with the
purge command; if you enter

purge (a)

then a will no longer have any assumptions made about it. You can remove as-
sumptions from more than one variable at a time;

purge (a, b)

will remove any assumptions about a and b.

4.6.9 Unassigning variables

The VARS () command will list the variables to which you have assigned values
or assumptions. If you begin by entering

a =1
and
anothervar := 2

then
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VARS ()
will return
[a, anothervar]

The purge command will clear the values and assumptions you make on vari-
ables. You can clear the values and assumptions you have made on all variables
with

restart
or
rm_all_vars ()

command.

4.7 Functions

4.7.1 Defining functions

You can use the : = and => operators to define functions; both
f(x) := x"2

and
x"2 => f(x)

give the name f to the function which takes a value and returns the square of the
value. If you then enter

£(3)
you will get
9

You can give Xcas a function without a name with the —> operator; the squar-
ing function can be written without a name as

X => x"2
You can use this form of the function to assign it to a name; both
f :=x -> x72
and
X => x"2 => f

are alternate ways to define £ as the squaring function.

You can similarly define functions of more than one variable. For example,
to define a function which takes the lengths of the two legs of a right triangle and
returns the hypotenuse, you could enter

hypot (a,b) := sgrt(a”™2 + b"2)
or

hypot := (a,b) -> sgrt(a”2 + b"2)
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4.7.2 Defining piecewise defined functions

You can use Xcas’s control structures to define functions not given by a single
simple formula. Notably, you can use the i fte command or ? : operator to
define piecewise-defined functions.

The ifte command takes three arguments; the first argument is a condition,
the second argument tells the command what to return when the condition is true,
and the third argument tells the command what to return when the condition is
false. For example, you could define your own absolute value function with

myabs (x) := ifte(x >= 0, x —-1%x)
Afterwards, for example, entering
myabs (—4)
will return
4

However, this will return an error if it can’t evaluate the conditional. For example,
if you enter

myabs (x)
you will get the error
Ifte: Unable to check test Error: Bad Argument Value

The ? : construct behaves similarly to 1 £t e but is structured differently. Here,
the condition comes first, followed by ?, then what to return if the condition is true,
followed by the :, and then what to return if the condition is false. You could define
your absolute value function with

myabs (x) := (x >= 0)? x: -1*x
If you enter
myabs (—4)
you will again get
4

but now if the conditional can’t be evaluated, you won’t get an error.

myabs (x)
will return
((x >=0)? =x: -x)
The when and IFTE commands are synonyms for the 2 : construct;
(condition)? true-result: false-result

when (condition, true-result, false-result)
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and
IFTE (condition, true—-result, false—-result)

all represent the same expression.

If you want to define a function with several pieces, it may be simpler to use the
piecewise function. The arguments to this function are alternately conditions
and results to return if the condition is true, with the last argument being what to
return if none of the conditions are true. For example, to define the function given
by

-2 ife < -2
3r+4 if —2<zx<-—1

€Tr) =
/(@) 1 if —1<x<0
z+1 ifz>0
you can enter
f(x) := piecewise(x < -2, -2, x < -1, 3xx+4, x < 0, 1,

x + 1)

4.8 Directories

4.8.1 Working directories

Xcas has a working directory that it uses to store files that it creates; typically the
user’s home directory. You can print the name of the current working directory
with the pwd () command; if you enter

pwd ()
you might get something like
/home/username
You can change the working directory with the cd command; if you enter
cd("foo")
or (on a Unix system)
cd (" /home/username/foo")

will change to the directory foo, if it exists. Afterwards, any files that you save
from Xcas will be in that directory.

If you have values saved in a file, then you’ll need to be in that working direc-
tory to load it. Note that if you have the same file name in different directories,
then the result of loading the file name will depend on which directory you are in.
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4.8.2 Reading files

If you have a function or other Xcas information in a file, you can load it with the
read function. If the file is named my function. cxx, then

read ("myfunction.cxx")

will load the file, as long as the directory is in the current working directory. If the
file is in a different directory, you can still load it by giving the path to the file,

read ("/path/to/file/myfunction.cxx")

While read can be used to load files containing Xcas functions, which typ-
ically end in . cxx, if you want to load a saved session you should use the 1oad
function;

load ("mysession.cas")

4.8.3 Internal directories

You can create a directory that isn’t actually on your hard drive but is treated like
one from Xcas. You can create such an internal directory with the NewFold
command, which takes a variable name as an argument. If you enter

NewFold (MyIntDir)

then there will be a new internal directory named My IntDir. Internal directories
will also be listed with the VARS () command. To actually use this directory, you’ll
have to use the SetFold command;

SetFold (MyIntDir)

Finally, we can print out the internal directory that we are in with the GetFold
command; entering

GetFold ()
will result in
MyIntDir

Afterwards, if this directory is empty, you can delete it with the DelFold com-
mand;

DelFold (MyIntDir)
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The CAS functions

5.1 Symbolic constants : ¢ pi infinity i

e is the number exp(1);

pi is the number 7.
infinity is unsigned co.
+infinity is 4o0.
—infinityis —oo.

i is the complex number 4.

5.2 Booleans

5.2.1 The values of a boolean : true false

The value of a boolean is t rue or false.
The synonyms are :

true or TRUE or 1,

false or FALSE or 0.

Tests or conditions are boolean functions.

522 Tests:==, !=, >, >=, <, =<

==, =, > , <, =< are infixed operators.
==D tests the equality between a and b and returns 1 if a is equal to b and 0
otherwise.
a!=b returns 1 if a and b are different and 0 otherwise.
a>=Db returns 1 if a is greater than or equal to b and 0 otherwise.
a>Db returns 1 if a is strictly greater than b and 0 otherwise.
a<=Db returns 1 if a is less than or equal to b and 0 otherwise.
a<b returns 1 if a is strictly less than b and 0 otherwise.
To write an algebraic function having the same resultasanif...then...else,
we use the boolean function ifte.

For example :

>=

14

f(x):=ifte (x>0, true, false)

85
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defines the boolean function f suchthat £ (x) = trueifz € (0;+oo[and £ (x)=false

if z € (—o0;0].
Input :
£(0)==0
Output :
1
Look out !

a=b is not a boolean !!!!
a==Db is a boolean.

5.2.3 Boolean operators : or xor and not

or (or | |), xor, and (or &&) are infixed operators.
not is a prefixed operators.
If a and b are two booleans :

(a or b) (a || b) returns 0 (or false)if a and b are equal to O and returns
1 (or true) otherwise.

(a xor Db) returns 1 if a is equal to 1 and b is equal to O or if a is equal to 0 and
b is equal to 1 and returns O if a and b are equal to O or if a and b are equal to 1 (it
is the "exclusive or").

(a and b) or (a && Db) returns 1 (or true) if a and b are equal to 1 and 0
(or false) otherwise.
not (a) returns 1 (or true)if a is equal to O (or false), and O (or false) if
aisequal to 1 (or true).

Input :
1>=0 or 1<0
Output :
1
Input :
1>=0 xor 1>0
Output :
0
Input :
1>=0 and 1>0
Output :
1
Input :
not (0==0)
Output :
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5.2.4 Transform a boolean expression to a list : exp21ist

exp2list returnsthelist [expr0, exprl] when the argumentis (var=expr0)
or (var=exprl).

exp2list is used in TI mode for easier processing of the answer to a solve
command.

Input :
exp2list ((x=2) or (x=0))
Output :
[2,0]
Input :
exp2list ((x>0) or (x<2))
Output :
[0,2]
In TI mode input :
exp2list (solve ((x—1)*(x-2)))
Output :

(1,2]

5.2.5 Evaluate booleans : evalb

Inside Maple, evalb evaluates an boolean expression. Since Xcas evaluates
booleans automatically, evalb is only here for compatibility and is equivalent
toeval

Input :
evalb (sgrt (2)>1.41)
or :
sqrt (2)>1.41
Output :
1
Input :
evalb (sgrt (2)>1.42)
or :
sqrt (2)>1.42
Output :
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5.3 Bitwise operators

5.3.1 Operators bitor, bitxor, bitand

The integers may be written using hexadecimal notation Ox... for example Ox1f
represents 16+15=31 in decimal. Integers may also be output in hexadecimal no-
tation (click on the red CAS status button and select Base (Integers)).
bitor is the logical inclusive or (bitwise).

Input :
bitor (0x12, 0x38)
or:
bitor(18,56)
Output :
58
because :

18 is written 0x12 in base 16 or 0b010010 in base 2,
56 1s written 0x38 in base 16 or 0b111000 in base 2,
hence bitor (18, 56) is 0111010 in base 2 and so is equal to 58.

bitxor is the logical exclusive or (bitwise).

Input :
bitxor (0x12, 0x38)
or :
bitxor (18, 56)
Output :
42
because :

18 is written 0x12 in base 16 and 0b010010 in base 2,
56 is written 0x38 in base 16 and 0b111000 in base 2,
bitxor (18,56) is written 0101010 in base 2 and so, is equal to 42.

bitand is the logical and (bitwise).

Input :
bitand (0x12, 0x38)
or :
bitand(18,56)
Output :
16
because :

18 is written 0x12 in base 16 and 0b010010 in base 2,
56 1s written 0x38 in base 16 and 0b111000 in base 2,
bitand (18, 56) is written 0010000 in base 2 and so is equal to 16.
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5.3.2 Bitwise Hamming distance : hamdist

The Hamming distance is the number of differences of the bits of the two argu-
ments.

Input :
hamdist (0x12, 0x38)
or :
hamdist (18, 56)
Output :
3
because :

18 is written 0x12 in base 16 and 0b010010 in base 2,
56 is written 0x38 in base 16 and 0111000 in base 2,
hamdist (18,56) isequal to 1+0+1+0+1+0 and so is equal to 3.

5.4 Strings

5.4.1 Character and string : "

" is used to delimit a string. A character is a string of length one.

Do not confuse " with ’ (or quote) which is used to avoid evaluation of an expres-
sion . For example, "a" returns a string of one character but ” a’ or quote (a)
returns the variable a unevaluated.

When a string is input in a command line, it is evaluated to itself hence the
output is the same string. Use + to concatenate two strings or a string and another
object.

Example :
Input :

"Hello"

"Hello" is the input and also the output.
Input :

"Hello"+", how are you?"
Output :
"Hello, how are you?"

Index notation is used to get the n-th character of a string, (as for lists). Indices
begin at 0 in Xcas mode, 1 in other modes.

Example :

Input :

"Hello"[1]

Output :
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5.4.2 First character, middle and end of a string : head mid tail

e head (s) returns the first character of the string s.
Input :

head ("Hello")
Output :
" H Al

e mid (s, p, q) returns the part of the string s of size g beginning with the
character at index p.
Remember that the first index is 0 in Xcas mode.
Input :

mid("Hello", 1, 3)
Output :
n e l l n

e tail (s) returns the string s without its first character.
Input :

tail ("Hello")
Output :

"ello"

5.4.3 Concatenation of a sequence of words : cumSum

cumSum works on strings like it does on expressions by doing partial concatena-
tion.

cumSum takes as argument a list of strings.

cumSum returns a list of strings where the element of index k is the concatenation
of the strings with indices 0 to & .

Input :

cumSum ("Hello, ","is ", "that ", "you?")
Output :

"Hello, ","Hello, is ","Hello, is that ","Hello, 1is
that you?
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5.4.4 ASCII code of a character : ord

ord takes as argument a string s (resp. a list 1 of strings).
ord returns the ASCII code of the first character of s (resp. the list of the ASCII
codes of the first character of the elements of 1).

Input :
ord("a")
Output :
97
Input :
ord ("abcd")
Output :
97
Input :
ord(["abcd", "cde"])
Output :
[97,99]
Input :
ord(["a","b","c","d"])
Output :

[97,98,99,100]

5.4.5 ASCII code of a string : asc

asc takes as argument a string s.
asc returns the list of the ASCII codes of the characters of s.

Input :
asc ("abcd")
Output :
[97,98,99,100]
Input :
asc("a")
Output :
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5.4.6 String defined by the ASCII codes of its characters : char

char takes as argument a list 1 of ASCII codes.
char returns the string whose characters have as ASCII codes the elements of the
list 1.

Input :
char([97,98,99,100])
Output :
"abcd"
Input :
char (97)
Output :
wam
Input :
char (353)
Output :
mam
because:
353 — 256 = 97.

5.4.7 Find a character in a string : inString

inString takes two arguments : a string S and a character c.
inString tests if the character c is in the string S.

inString returns the index of its first occurrence or —1 if ¢ is not in S.
Input :

inString ("abcded", "d")

Output :
3
Input :
inString ("abcd", "e")
Output :
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5.4.8 Concat objects into a string : cat

cat takes as argument a sequence of objects.
cat concatenates these objects into a string.

Input :
cat ("abcd", 3, "d")
Output :
"abcd3d"
Input :
c:=5
cat ("abcd",c,"e")
Output :
"abcdbe"
Input :
purge (c)
cat (15, ¢, 3)
Output :
"15c3"

5.4.9 Add an object to a string : +

+ is an infixed operator (resp. ’ +’ is a prefixed operator).

If + (resp. ’+’) takes as argument a string (resp. a sequence of objects with a
string as first or second argument), the result is the concatenation of these objects
into a string.

warning

+is infixed and ’ +’ is prefixed.

Input :

14 +/ ( "abcd" , 3, "d" )
Output :
'labcd’|+3+"d"
Output :
"abcd3d"
Input :
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Then input:
"abcd"+c+"e"
or :
7+ ("abcd", c, "d")
Output :

"abcdbe"

5.4.10 Transform an integer into a string : cat +

Use cat with the integer as argument, or add the integer to an empty string
Input :

""+123
or:
cat (123)
Output :
"i23"

5.4.11 Transform a string into a number : expr

Use expr, the parser with a string representing a number.

e For integers, enter the string representing the integer without leading O for
basis 10, with prefix 0x for basis 16, 0 for basis 8 or Ob for basis 2. Input :

expr ("123")
Output :
123
Input :
expr ("0123")
Output :
83
because :
1%824+2%x8+3=283
Input :

expr ("0x12f")
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Output :

303

Because : 1% 162 + 2% 16 + 15 = 303

e For decimal numbers, use a string with a . or e inside.

Input :
expr("123.4567")
Output :
123.4567
Input :
expr ("123e-5")
Output :

0.00123

e Note that expr more generally transforms a string into a command if the
command exists.

Input :
expr ("a:=1")
Output :
1
Then, input :
a
Output :
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5.5 Write an integer in base b: convert

convert or convertir can do different kind of conversions depending on the
option given as the second argument.

To convert an integer n into the list of its coefficients in base b, the option is
base. The arguments of convert or convertir are an integer n, base and
b, the value of the basis.
convert or convertir returns the list of coefficients in a b basis of the integer
n.

Input :

convert (123, base, 8)
Output :
[3,7,1]

To check the answer, input expr ("0173") orhorner (revlist ([3,7,11),8)
or convert ([3,7,1],base, 8), the outputis 123
Input :

convert (142, base, 12)
Output :
[10,11]

To convert the list of coefficients of an integer n in base b, the option is also
base. convert or convertir returns the integer n.

Input :
convert ([3,7,1],base, 8)
or:
horner (revlist ([3,7,11),8)
Output :
123
Input :
convert ([10,11],base, 12)
or :
horner (revlist ([10,11]1),12)
Output :

142

5.6 Integers (and Gaussian Integers)

For all functions in this section, you can use Gaussian integers (numbers of the
form a + b, where @ and b are in Z) in place of integers.



5.6. INTEGERS (AND GAUSSIAN INTEGERS) 97

5.6.1 The factorial : factorial

Xcas can manage integers with unlimited precision, such as the following:
Input :

factorial (100)
Output :

9332621544394415268169923885626670049071596826438162
1468592963895217599993229915608941463976156518286253
697920827223758251185210916864000000000000000000000000

5.6.2 GCD:gcd igcd

gcd or igcd denotes the ged (greatest common divisor) of several integers (for
polynomials, see also 5.28.7).
gcd or 1gcd returns the GCD of integers.

Input :
gcd (18, 15)

Output :

3
Input :

gcd(18,15,21,36)

Output :

3
Input :

gcd([18,15,21,36])

Output :

3

We can also put as parameters two lists of same size (or a matrix with 2 rows), in
this case gcd returns the greatest common divisor of the elements with same index
(or in the same column).

Input :

gcd([6,10,121,[21,5,81)
or:

ged([[6,10,12],[21,5,81])
Output :

[3,5,4]
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An example
Find the greatest common divisor of 4n + 1 and 5n + 3 whenn € N.
Input :

f(n) :=gcd (4*n+1,5+xn+3)

Then, input :

essai (n) :={
local j,a,L;
L:=NULL;
for (j:=-n;j<n; j++) |
a:=£f£(3);
if (a'=1) {
L:=L,[]j,al;

}

return L;

}

Then, input :

essai (20)
Output :
[_161 7]/ [_917]1 [_217]1 [517]1 [1217]1 [1917]

So we now have to prove that :
Ifn # 5+k«7 (for k € Z), 4n+1 and 5n+3 are mutually prime, and n = 5+k*7
(for k € Z), then the greatest common divisor of 4n + 1 and 5n + 3 is 7.

5.6.3 GCD: Gcd

Gced is the inert form of gcd. See the section 5.28.7 for polynomials with coeffi-
cients in Z/pZ for using this instruction.
Input :

Gcd (18,15)
Output :

gcd (18, 15)

5.6.4 GCD of alist of integers : 1gcd

lgcd has alist of integers (or of a list of polynomials) as argument.

lgcd returns the gcd of all integers of the list (or the gcd of all polynomials of
the list).

Input :
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lgcd([18,15,21,36])

Output :

Remark
1gcd does not accept two lists (even if they have the same size) as arguments.
5.6.5 The least common multiple : 1cm

1cm returns the least common multiple of two integers (or of two polynomials, see
also 5.28.10).
Input :

lem(18,15)
Output :

90

5.6.6 Decomposition into prime factors : i factor

ifactor has an integer as parameter.
ifactor decomposes an integer into its prime factors.

Input :
ifactor (90)
Output :
2%37°2%5
Input :
ifactor (-90)
Output :

(=1) *2x372%5

5.6.7 List of prime factors : i factors

ifactors has an integer (or a list of integers) as parameter.

ifactors decomposes the integer (or the integers of the list) into prime factors,
but the result is given as a list (or a list of lists) in which each prime factor is
followed by its multiplicity.

Input :

ifactors (90)
Output :

(2,1,3,2,5,1]
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Input :
ifactors (-90)
Output :
[-1,1,2,1,3,2,5,1]
Input :
ifactor ([36,52])
Output :

(t2,2,3,2],102,2,13,1]]

5.6.8 Matrix of factors : maple_ifactors

maple_ifactors has an integer n (or a list of integers) as parameter.
maple_1ifactors decomposes the integer (or the integers of the list) into prime
factors, but the output follows the Maple syntax :

it is a list with +1 or -1 (for the sign) and a matrix with 2 columns and where the
lines are the prime factors and their multiplicity (or a list of lists...).

Input :

maple_ifactors (90)

Output :

(1, 002,11,03,2],[5,11]]
Input :

maple_ifactor ([36,52])
Output :

(1,002,231, 03,2111, (1, 012,21, [13,1111]]

5.6.9 The divisors of a number : idivis divisors

idivis or divisors gives the list of the divisors of a number (or of a list of
numbers).

Input :
idivis (36)
Output :
(1,2,4,3,6,12,9,18,36]
Input :
idivis ([36,22])
Output :

((1,2,4,3,6,12,9,18,36]1,1[1,2,11,22]]
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5.6.10 The integer Euclidean quotient : iquo intDiv

iquo (or intDiv) returns the integer quotient g of the Euclidean division of two
integers a and b given as arguments. (a = b g+ r with 0 < r < b).

For Gaussian integers, we choose ¢ so that b * ¢ is as near by a as possible and it
can be proved that 7 may be chosen so that |r|? < |b|?/2.

Input :

iquo (148, 5)
Output :
29

iquo works with integers or with Gaussian integers.

Input :
iquo (factorial (148), factorial (145)+2 )
Output :
3176375
Input :
iquo (25+12%1i,5+7*1)
Output :

3-2%1
Herea —bxq=—4+iand | —4+i> =17 < |5 +7*i|?/2 =74/2 =37

5.6.11 The integer Euclidean remainder: irem remain smod mods

¢

mod %

irem (or remain) returns the integer remainder r from the Euclidean division of
two integers a and b given as arguments (@ = b ¢+ r with 0 < r < b).

For Gaussian integers, we choose ¢ so that b * ¢ is as near to a as possible and it
can be proved that » may be chosen so that |r|? < [b[?/2.

Input :

irem(148,5)
Output :
3

irem works with long integers or with Gaussian integers.
Example :

irem(factorial (148), factorial (45)+2 )

Output :
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111615339728229933018338917803008301992120942047239639312
Another example
irem (254+12x1i,5+7%*1)
Output :
—-4+1

Herea —b*q=—4+iand | —4+i> =17 < |5+ 7*i]?/2 =74/2 =37
smod or mods is a prefixed function and has two integers a and b as arguments.

smod or mods returns the symmetric remainder s of the Euclidean division of the

arguments a and b (a = b * ¢ + s with —b/2 < s < b/2).

Input :

smod (148, 5)
Output :
-2

mod (or %) is an infixed function and has two integers a and b as arguments.
mod (or %) returns r%b of Z/bZ where r is the remainder of the Euclidean division
of the arguments a and b.

Input :
148 mod 5
or :
148 % 5
Output :
3% 5

Note that the answer 3 % 5 is not an integer (3) but an element of Z /57 (see 5.34
to have the possible operations in Z/572).

5.6.12 Euclidean quotient and euclidean remainder of two integers :
iquorem

iquorem returns the list of the quotient ¢ and the remainder r of the Euclidean
division between two integers a and b given as arguments (a = b *x ¢ + r with
0<r<b).

Input :

iquorem(148,5)
Output :

[29, 3]
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5.6.13 Test of evenness : even

even takes as argument an integer n.
even returns 1 if n is even and returns O if n is odd.

Input :
even (148)
Output :
1
Input :
even (149)
Output :

5.6.14 Test of oddness : odd

odd takes as argument an integer n.
odd returns 1 if n is odd and returns 0 if n is even.

Input :
odd (148)
Output :
0
Input :
odd (149)
Output :
1

5.6.15 Test of pseudo-primality : is_pseudoprime

If is_pseudoprime (n) returns 2 (true), then n is prime.

If it returns 1, then n is pseudo-prime (most probably prime).

If it returns O, then n is not prime.

DEFINITION: For numbers less than 10'4, pseudo-prime and prime are equivalent.
But for numbers greater than 10'4, a pseudo-prime is a number with a large prob-
ability of being prime (cf. Rabin’s Algorithm and Miller-Rabin’s Algorithm in the
Algorithmic part (menu Help->Manuals->Programming)).

Input :

is_pseudoprime (100003)

Output :
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Input :
is_pseudoprime (9856989898997)

Output :

2
Input :

is_pseudoprime (14)

Output :

0
Input :

is_pseudoprime (9856989898997789789)

Output :

5.6.16 Test of primality : is_prime isprime isPrime

is_prime (n) returns 1 (true) if n is prime and O (false) if n is not prime.
isprime returns true or false.

Use the command pari ("isprime",n, 1) to have a primality certificate (see
the documentation PARI/GP with the menu Help—->Manuals—->PARI-GP) and
pari ("isprime",n, 2) touse the APRCL test.

Input :
is_prime (100003)
Output :
1
Input :
isprime (100003)
Output :
true
Input :
is_prime (98569898989987)
Output :
1
Input :

is_prime(14)
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Output :
0
Input :
isprime (14)
Output :
false
Input :

pari("isprime", 9856989898997789789,1)

This returns the coefficients giving the proof of primality by the p — 1 Selfridge-
Pocklington-Lehmer test :

(r2,2,11,119,2,11,1941,2,11,11873,2,11,[94907,2,11]1
Input :
isprime (9856989898997789789)
Output :

true

5.6.17 The smallest pseudo-prime greater than n : nextprime

nextprime (n) returns the smallest pseudo-prime (or prime) greater than n.
Input :

nextprime (75)
Output :

79

5.6.18 The greatest pseudo-prime less than n : prevprime

prevprime (n) returns the greatest pseudo-prime (or prime) less than n.
Input :

prevprime (75)
Output :

73



106 CHAPTER 5. THE CAS FUNCTIONS

5.6.19 The n-th prime number : ithprime

ithprime (n) returns the n-th prime number less than 10000 (current limita-
tion).

Input :
ithprime (75)
Output :
379
Input :
ithprime (1229)
Output :
9973
Input :
ithprime (1230)
Output :

ithprime (1230)

because ithprime (1230) is greater than 10000.

5.6.20 Bézout’s Identity : iegcd igcdex

iegcd(a,b) or igcdex (a, b) returns the coefficients of the Bézout’s Identity
for two integers given as arguments.

iegcd(a,b) or igcdex (a,b) returns [u, v, d] such that au+bv=d and
d=gcd (a,b).

Input :

iegcd (48, 30)
Output :
[2,-3,6]
In other words :
2484+ (-3)-30=6
5.6.21 Solving au+bv=cin Z: iabcuv

iabcuv (a, b, c) returns [u, v] so that au+bv=c.
c must be a multiple of gcd (a, b) for the existence of a solution.
Input :

iabcuv (48,30, 18)
Output :
[61_9]
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5.6.22 Chinese remainders : ichinrem, ichrem

ichinrem([a,p], [b,gq]) orichrem([a,p], [b,qg]) returnsalist [c, lcm(p, q) ]
of 2 integers.
The first number c is such that

VkeZ, d=c+kxlem(p,q)
has the properties
d=a (modp), d=b (modq)

If p and g are coprime, a solution d always exists and all the solutions are congru-
ent modulo p*q.

Examples :
Solve :

x = 3(modb)

z = 9 (mod 13)
Input :

ichinrem([3,5],[9,13])
or :
ichrem ([3,5],[19,13])

Output :

[-17,65]

so x=-17 (mod 65)
We can also input :

ichrem(3%5,9%13)

Output :
-17%65

Solve :

x = 3(mod5)

x = 4(mod?7)

z = 1(mod?9)
First input :

tmp:=ichinrem([3,5],[4,7])
or:
tmp:=ichrem([3,5],[4,7])

Output :

[-17,35]
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Then input :
ichinrem([1, 9], tmp)
or:
ichrem([1,9], tmp)
Output :

[-17,315]

hence x=—-17 (mod 315)
Alternative input:

ichinrem ([3%5,4%7,1%9])
Output :
-17%315

Remark
ichrem(orichinrem)may be used to find the coefficients of a polynomial whose
equivalence classes are known modulo several integers, for example find ax + b
modulo 315 = 5 X 7 x 9 under the assumptions:

a= 3 (mod5) b= 1 (mod5)
a= 4(mod7) , b= 2 (modT7)
a= 1(mod?9) b= 3(mod9)
Input :
ichrem( (3x+1) %5, (4x+2)%7, (x+3)%9)
Output :

(-17%315%x x+156%315
hence a=-17 (mod 315) and b=156 (mod 315).

5.6.23 Chinese remainders for lists of integers : chrem

chrem takes as argument 2 lists of integers of the same size.
chrem returns a list of 2 integers.
For example, chrem ([a, b, c], [p, g, r]) returns the list [x, lcm (p, g, 1) ]
where x=a mod p and x=b mod gand x=c mod r.
A solution x always exists if p, g, r are mutually primes, and all the solutions
are equal modulo pxgxr.
BE CAREFUL with the order of the parameters, indeed :
chrem([a,b], [p,g])=ichrem([a,p]l, [b,q])=
ichinrem([a,p], [b,q])
Examples :
Solve :
= 3 (mod5)
{ x = 9 (mod 13)

Input :
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chrem([3,9],[5,131])

Output :

[-17,65]
$0, x=—17 (mod 65)
Solve :

x = 3 (mod 5)

= 4 (mod 6)

x= 1 (mod?9)
Input :

chrem([3,4,1],[5,6,9])

Output :

[28,90]

so x=28 (mod 90)

Remark

chrem may be used to find the coefficients of a polynomial whose equivalence
classes are known modulo several integers, for example find ax + b modulo 315 =
5 X 7 x 9 under the assumptions:

a= 3 (mod5) b= 1 (mod 5)
a= 4(mod?7) , b= 2(mod7)
a= 1(mod?9) = 3 (mod9)
Input :
chrem([3x+1,4x+2,x+31,1[5,7,91)
Output :

[-17x+156,315]

hence, a=—-17 (mod 315) and b=156 (mod 315).

5.6.24 Solving a®> + V> = pinZ: pa2b2

pa2b2 decompose a prime integer p congruent to 1 modulo 4, as a sum of squares
: p = a® + b%. The result is the list [a,b].
Input :

pa2b2 (17)
Output :
(4,1]

indeed 17 = 42 + 12
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5.6.25 The Euler indicatrix : euler phi

euler (or phi) returns the Euler indicatrix for a integer.

euler (n) (or phi (n))is equal to the number of integers less than n and prime
with n.

Input :

euler (21)
Output :
12

In other words E={2,4,5,7,8,10,11,13,15,16,17,19} is the set of integers less than
21 and coprime with 21. There are 12 members in this set, hence Cardinal(E)=12.
Euler has introduced this function to generalize the little Fermat theorem:

If a and n are mutually prime then acuer() = 1 mod n

5.6.26 Legendre symbol : 1legendre_symbol

If n is prime, we define the Legendre symbol of a written (%) by :
a 0 ifa=0 modn

(—)z 1 ifa # 0 mod n and if a = b mod n

—1 ifa # 0 mod n and if a # b* mod n

Some properties

e If nis prime :

(p) . <q> = (—1)172;1.(—1)(171 if p and ¢ are odd and positive
q p

legendre_symbol takes two arguments a and n and returns the Legendre sym-

bol ().
Input :
legendre_symbol (26,17)
Output :
1
Input :

legendre_symbol (27,17)
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Output :
-1
Input :
legendre_symbol (34,17)
Output :

5.6.27 Jacobi symbol : jacobi_symbol

If n is not prime, the Jacobi symbol of a, denoted as (%), is defined from the

Legendre symbol and from the decomposition of n into prime factors. Let
n = pit.ppk

where p; is prime and «; is an integer for j = 1..k. The Jacobi symbol of a is

defined by :
-GG
n Y4 T\

jacobi_symbol takes two arguments a and n, and it returns the Jacobi symbol

()

Input :
jacobi_symbol (25,12)
Output :
1
Input :
jacobi_symbol (35,12)
Output :
-1
Input :
jacobi_symbol (33,12)
Output :
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5.6.28 Listing all compositions of an integer into £k parts : icomp

icomp accepts two or three arguments : a positive integer n, a positive integer
k not larger than n and optionally zeros=true or zeros=false. The return
value is the list of all compostions of n into k parts. Each composition is a list
of nonnegative integers which sum up to n. If the option zeros is set to true
(which is the default), a part can have zero value. Else, each part has nonzero
(positive) value.

For example, input :

icomp (4, 2)
Output :
[(14,01,103,11,12,21,11,31,10,41]]
Input :
icomp (6, 3, zeros=false)
Output :

(r4,1,11,103,2,11,12,3,1],(1,4,11,1(3,1,2],
(2,2,21,11,3,21,102,1,3},11,2,3],[1,1,4]]

5.7 Combinatorial analysis

5.7.1 Factorial : factorial !

factorial (prefix) or ! (postfix) takes as argument an integer n.
factorial (n) orn! returns n!.

Input :
factorial (10)
or
10!
Output :
3628800

5.7.2 Binomial coefficients : binomial comb nCr

comb or nCr or binomial takes as argument two integers n and p.
comb (n,p) or nCr (n,p) orbinomial (n, p) returns (g) = Cﬁ.
Input :

comb (5, 2)
Output :
10

Remark
binomial (unlike comb, nCr) may have a third real argument, in this case
binomial (n, p,a) returns (g) aP(1—a)"P.
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5.7.3 Permutations : perm nPr

permor nPr takes as arguments two integers n and p.
perm(n,p) ornPr (n, p) returns PY.
Input :

perm(5,2)
Output :

20

5.7.4 Random integers : rand
rand takes as argument an integer n or no argument.

e rand (n) returns a random integer p such that 0 < p < n.
Input :

rand (10)
Output for example :
8

e rand () returns a random integer p such that 0 < p < 23! (or on 64 bits
architecture 0 < p < 263).
Input :

rand ()
Output for example :

846930886

5.8 Rationals

5.8.1 Transform a floating point number into a rational : exact float2rational

float2rational or exact takes as argument a floating point number d and
returns a rational number g close to d such that abs (d—q) <epsilon. epsilon
is defined in the cas configuration (C£g menu) or with the cas_setup com-
mand.
Input :

float2rational (0.3670520231)
Output when epsilon=1e-10:
127/346

Input :
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evalf (363/28)

Output :
12.9642857143
Input :
float2rational (12.9642857143)
Output :

363/28
If two representations are mixed, for example :

1/2+0.7
the rational is converted to a float, output :

1.2
Input :
1/2+float2rational (0.7)

Output :

6/5

5.8.2 Integer and fractional part : propfrac propFrac
propfrac (A/B) or propFrac (A/B) returns
q—i—% with 0 <7 < b

A
ifE = % with ged(a,b) = 1 and a = bq + 7.
For rational fractions, cf. 5.31.8.

Input :
propfrac (42/15)
Output :
2+4/5
Input :
propfrac (43/12)
Output :

3+7/12
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5.8.3 Numerator of a fraction after simplification : numer getNum

numer or getNum takes as argument a fraction and returns the numerator of this
fraction after simplification (for rational fractions, see 5.31.2).

Input :
numer (42/12)
or:
getNum (42/12)
Output :
-

To avoid simplifications, the argument must be quoted (for rational fractions see
5.31.1).

Input :

numer (" 42/12")
or:

getNum(’42/12")
Output :

42

5.8.4 Denominator of a fraction after simplification : denom getDenom

denom or getDenom takes as argument a fraction and returns the denominator of
this fraction after simplification (for rational fractions see 5.31.4).
Input :

denom (42/12)
or:
getDenom (42/12)
Output :
2

To avoid simplifications, the argument must be quoted (for rational fractions see
5.31.3).

Input :
denom (" 42/12")
or:
getDenom (' 42/12")
Output :

12
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5.8.5 Numerator and denominator of a fraction : £2nd fxnd

f2nd (or £xnd) takes as argument a fraction and returns the list of the numera-
tor and denominator of this fraction after simplification (for rational fractions see
5.31.5).

Input :

f2nd (42/12)
Output :

(7,2]

5.8.6 Simplification of a pair of integers : simp?2

simp2 takes as argument two integers or a list of two integers which represent a
fraction (for two polynomials see 5.31.6).

simp2 returns the list of the numerator and the denominator of an irreducible
representation of this fraction (i.e. after simplification).

Input :
simp2(18,15)
Output :
[6,5]
Input :
simp2([42,12])
Output :

(7,2]

5.8.7 Continued fraction representation of a real : dfc

dfc takes as argument a real or a rational or a floating point number a and an
integer n (or areal epsilon).
dfc returns the list of the continued fraction representation of a of order n (or
with precision epsilon i.e. the continued fraction representation which approx-
imates a or evalf (a) with precision epsilon, by default epsilon is the
value of the epsilon defined in the cas configuration with the menu Cfg»Cas
Configuration).
convert with the option confrac has a similar functionality: in that case the
value of epsilon is the value of the epsilon defined in the cas configuration
with the menu Cfgp»-Cas Configuration (see 5.22.24) and the answer may
be stored in an optional third argument.

Remarks

o If the last element of the result is a list, the representation is ultimately peri-
odic, and the last element is the period. It means that the real is a root of an
equation of order 2 with integer coefficients.
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e if the last element of the result is not an integer, it represents a remainder r
(a=a0+1/....41/an + 1/r). Be aware that this remainder has lost most
of its accuracy.

Ifdfc(a)=[a0,al, a2, [b0,bl]] that means :

a:a0+a1+ ! T
a2+7bo+m
If dfc(a)=[a0,al, a2, r] that means :
a=al+ ! T
al + P
Input :
dfc(sqrt (2),5)
Output :
[(1,2,[2]]
Input :
dfc (evalf (sgrt(2)),1le-9)
or :
dfc (sqgrt (2),1le-9)
Output :
(1,2,2,2,2,2,2,2,2,2,2,2,2]
Input :

convert (sqrt (2) ,confrac, ' dev’)
Output (if in the cas configuration epsilon=1e-9):
(1,2,2,2,2,2,2,2,2,2,2,2,2]

and [1,2,2,2,2,2,2,2,2,2,2,2,2] is stored in dev.
Input :

dfc(9976/6961,5)
Output :
[1,2,3,4,5,43/7]
Input to verify:
1+1/(2+1/(3+1/ (4+1/(5+7/43))))

Output :
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9976/6961
Input :
convert (9976/6961, confrac,’1’)
Output (if in the cas configuration epsilon=1e-9):
[1,2,3,4,5,6,7]

and [1,2,3,4,5,6,7] isstoredin 1

Input :
dfc (pi, 5)
Output :
[3,7,15,1,292, (-113xpi+355)/(33102+xp1i-103993)]
Input :

dfc(evalf (pi), 5)
Output (if floats are hardware floats, e.g. for Digits=12) :
[3,7,15,1,292,1.57581843574]
Input :
dfc (evalf (pi),1e-9)
or:
dfc(pi, 1e-9)
or (if in the cas configuration epsilon=1e-9):
convert (pi, confrac,’11’)
Output :

[3,7,15,1,292]

5.8.8 Transform a continued fraction representation intoareal : dfc2f
dfc2f takes as argument a list representing a continued fraction, namely
e a list of integers for a rational number

e a list whose last element is a list for an ultimately periodic representation,
i.e. a quadratic number, that is a root of a second order equation with integer
coefficients.

e or a list with a remainder  as last element (a = a0 + 1/.... + 1/an + 1/r).

dfc2f returns the rational number or the quadratic number with the argument as
continued fraction representation.
Input :
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dfc2f([1,2,[2]11)
Output :
1/(1/ (l+sqgrt (2))+2)+1

After simplification with normal :

sqrt (2)

Input :
dfc2f([1,2,3])
Output :
10/7
Input :
normal (dfc2f ([3,3,6,13,611))

Output :

sgrt (11)
Input :

dfc2f([1,2,3,4,5,6,7])

Output :

9976/6961
Input to verify :

1+1/(2+1/ (3+1/ (4+1/ (5+1/(6+1/7)))))

Output :
9976/6961
Input :
dfc2f([1,2,3,4,5,43/7])
Output :

9976/6961
Input to verify :
1+1/(2+1/ (3+1/ (4+1/ (5+7/43))))
Output :

9976/6961
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5.8.9 The n-th Bernoulli number : bernoulli

bernoulli takes as argument an integer n.
bernoulli returns the n-th Bernoulli number B(n).
The Bernoulli numbers are defined by :

+o0

t B(n)
et—lzZ n! t

n=0

Bernoulli polynomials By, are defined by :
1
BO = 1, Bk/<1‘) = kBk,1<l'), / Bk(x)dx =0
0
and the relation B(n) = B,,(0) holds.
Input :
bernoulli (6)

Output :

1/42

5.8.10 Access to PARI/GP commands: pari

e pari with a string as first argument (the PARI command name) execute the
corresponding PARI command with the remaining arguments. For exam-
ple pari ("weber", 1+1) executes the PARI command weber with the
argument 1+1.

e pari without argument exports all PARI/GP functions

— with the same command name if they are not already defined inside
Xcas

— with their original command name with the prefix pari_

For example, after calling pari (),pari_weber (1+i) orweber (1+1)
will execute the PARI command weber with the argument 1+1.

The documentation of PARI/GP is available with the menu Help->Manuals.

5.9 Real numbers

5.9.1 Eval areal at a given precision : evalf and Digits,DIGITS

e A real number is an exact number and its numeric evaluation at a given pre-
cision is a floating number represented in base 2.
The precision of a floating number is the number of bits of its mantissa,
which is at least 53 (hardware float numbers, also known as doub1e). Float-
ing numbers are displayed in base 10 with a number of digits controlled by
the user either by assigning the Digits variable or by modifying the Cas



5.9. REAL NUMBERS

121

configuration. By default Digits is equal to 12. The number of digits dis-
played controls the number of bits of the mantissa, if Digits is less than 15,
53 bits are used, if Digits is strictly greater than 15, the number of bits is a
roundoff of Digits times the log of 10 in base 2.

e An expression is coerced into a floating number with the evalf command.
evalf may have an optional second argument which will be used to evalu-
ate with a given precision.

e Note that if an expression contains a floating number, evaluation will try
to convert other arguments to floating point numbers in order to coerce the
whole expression to a single floating number.

Input :

Output :

Input :

Output :

Input:

Output :

With evalf, input:

Output :

Input :

Output :

Input :

Output :

1+1/2

3/2

1.0+1/2

exp (pi*xsqrt (20))

exp (pi*2xsqgrt (5))

evalf (exp (pi*2xsgrt (5)))

1263794.75367

1.1"20

6.72749994933

sgrt (2) 721
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sqrt (2) x2710
Input for a result with 30 digits :
Digits:=30
Input for the numeric value of ™V 163:
evalf (exp (pixsqgrt (163)))
Output :
0.262537412640768743999999999985e18

Note that Digits is now set to 30. If you don’t want to change the value of
Digits you may input

evalf (exp (pi*xsqgrt (163)),30)

5.9.2 Usual infixed functionsonreals: +, -, «, /, ~

+,-,%,/," are the usual operators to do additions, subtractions, multiplica-
tions, divisions and for raising to a power.

Input :
3+2
Output :
5
Input :
3-2
Output :
1
Input :
3*x2
Output :
6
Input :
3/2
Output :
3/2
Input :

3.2/2.1
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Output :
1.52380952381
Input :
372
Output :
S
Input :
3.272.1
Output :
11.5031015682
Remark

You may use the square key or the cube key if your keyboard has one, for example
: 32 returns 9.
Remark on non integral powers

e If z is not an integer, then a” = exp(z In(a)), hence a” is well-defined only
for @ > 0 if x is not rational. If x is rational and a < 0, the principal
determination of the logarithm is used, leading to a complex number.

e Hence be aware of the difference between {/a and ax when n is an odd
integer.
For example, to draw the graph of y = v/z3 — 22, input :

plotfunc(ifte (x>0, (x"3-x"2)"(1/3),
- (x"2-x"3)"(1/3)),%x,xstep=0.01)

You might also input :
plotimplicit (y"3=x"3-x"2)

but this is much slower and much less accurate.

5.9.3 Usual prefixed functions on reals : rdiv

rdiv is the prefixed form of the division function.

Input :
rdiv (3, 2)
Output :
3/2
Input :
rdiv(3.2,2.1)
Output :

1.52380952381
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594 n-throot: root

root takes two arguments : an integer n and a number a.
root returns the n-th root of a (i.e. al/”). If a < 0, the n-th root is a complex
number of argument 27 /n.

Input :
root (3, 2)
Output :
27 (1/3)
Input :
root (3,2.0)

Output :

1.259921049892
Input :

root (3, sqrt (2))
Output :

2"~ (1/6)

5.9.5 Error function: erf

erf takes as argument a number a.
erf returns the floating point value of the error function at x = a, where the error

function is defined by :
2 T 9
erf(z) = —— [ e Vdt
v

The normalization is chosen so that:

erf(+00) =1, erf(—o0) = —1

since : N
(o0}

/ e dt = ﬁ

0 2
Input :

erf (1)

Output :

0.84270079295
Input :

erf(1/(sqrt(2)))*1/2+0.5

Output :
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0.841344746069
Remark

The relation between erf and normal_ cdfis:

1 1 x
normal_cdf(w)::54—ferf(——ﬂ

2°" s

Indeed, making the change of variable ¢ = u * /2 in

normal_cdfi — + —_— / e 21
( V2T
gives :
v 1 T
normal_cdf - + — / e~ Wdy = = + erf
(@) = 5+ 5o 75)
Check :

normal_cdf (1)=0.841344746069

5.9.6 Complementary error function: erfc

erfc takes as argument a number a.
er fc returns the value of the complementary error function at x = a, this function

is defined by :
“+oo
erfc(x / Pat=1— erf(z)
\/>

Hence erfc(0) = 1, since :

2
Input :
erfc (1)
Output :
0.15729920705
Input :
1- erfc(l/ (sqrt(2)))*1/2
Output :
0.841344746069
Remark

The relation between erfc and normal_cdf is:

)

norma C X C
\/§
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5.9.7 The I function : Gamma

Gamma takes as argument a number a.
Gamma returns the value of the I' function in a, defined by :

+o0
I'(z) = / e "t ifx >0
0

If = is a positive integer, I" is computed by applying the recurrence :

T(z+1)=z+D(z), D(1)=1

Hence :

F'n+1)=n!
Input :

Gamma (5)
Output :
24

Input :

Gamma (0.7)
Output :

1.29805533265

Input :

Gamma (-0.3)
Output :

-4.32685110883

Indeed : Gamma (0.7)=-0.3xGamma (-0.3)
Input :

Gamma (=1.3)
Output :
3.32834700679

Indeed Gamma (0.7)=-0.3xGamma (-0.3)=(-0.3) % (-1.3) *xGamma (-1.3)
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5.9.8 The $ function : Beta

Beta takes as argument two reals a, b.
Beta returns the value of the 3 function at a, b € R, defined by :

_ [ v _ @)+ T(y)
Blaay) = [ -t = S

Remarkable values :

1 1
1,1)=1 1) =— 2)= ——
Beta (x,y) is defined for z and y positive reals (to ensure the convergence of the
integral) and by prolongation for x and y if they are not negative integers.
Input :

Beta (5, 2)

Output :
1/30

Input :

Beta (x,Vy)
Output :

Gamma (x) *Gamma (y) /Gamma (x+y)
Input :
Beta(5.1,2.2)

Output :

0.0242053671402

5.9.9 Derivatives of the DiGamma function : Psi

Psi takes as arguments a real @ and an integer n (by default n = 0).

Psi returns the value of the n-th derivative of the DiGamma function at z = a,
where the DiGamma function is the first derivative of In(I'(x)). This function is
used to evaluated sums of rational functions having poles at integers.

Input :

Psi(3,1)
Output :
pit2/6-5/4

If n=0, you may use Psi (a) instead of Psi (a, 0) to compute the value of
the DiGamma function at = a.
Input :
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Psi (3)
Output :
Psi(1l)+3/2
Input :
evalf (Psi(3))
Output :

.922784335098

5.9.10 The ( function : Zeta

Zeta takes as argument a real z.

Zetareturns forx > 1:
+o00o 1
(@)=) —

n<
n=1

and for x < 1 its meromorphic continuation.

Input :

Zeta (2)
Output :

pit2/6
Input :

Zeta (4)
Output :

pi~4/90

5.9.11 Airy functions : Airy_Aiand Airy_Bi

Airy_Aiand Airy_Bi take as arguments a real x.
Airy_Aiand Airy_Bi are two independent solutions of the equation

' —xxy=0

They are defined by :
Airy_Ai(z) = (1/7r)/ cos(t3/3 4+ x * t)dt
0
Airy Bi(z) = (1/m) / (e*tg/?’ +sin(t3/3 + x x t))dt
0

Properties :

Airy_Ai(x) = Airy_Ai(0) * f(x) + Airy_Ai'(0) * g(x)
Airy_Bi(x) = V3(Airy_Ai(0) * f(x) — Airy_Ai'(0)  g(z))
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where f and g are two entire series solutions of
w' —xxw=0

more precisely :

2 = ok [T+1)\ 2%
) = kzzo?’ ( r'(%) >(3/<:)!

s I'(k+2) a3kl
9lw) = ;ﬁ( r(g)3 ) 3k + 1)1

Input :
Adry_Ai (1)
Output :
0.135292416313
Input :
Adiry_Bi (1)
Output :
1.20742359495
Input :
Airy_Ai(0)
Output :
0.355028053888
Input :
Airy_Bi (0)
Output :

0.614926627446

5.10 Permutations

A permutation p of size n is a bijection from [0..n — 1] on [0..n — 1] and is repre-
sented by the list : [p(0),p(1),p(2)...p(n — 1)].

For example, the permutation p represented by [1, 3,2, 0] is the application from
[0,1,2,3] on [0, 1,2, 3] defined by :

p(0) =1, p(1) =3, p(2) =2, p(3) =0

A cycle c of size p is represented by the list [ag, ...,ap—1] (0 < ap < n —1)itis
the permutation such that

c(a;) = ajpq for (i =0..p—2), c(ap—1) =ap, c(k) =k otherwise

A cycle cis represented by a list and a cycle decomposition is represented by a list
of lists.

For example, the cycle c represented by the list [3, 2, 1] is the permutation ¢ defined
by ¢(3) = 2, ¢(2) =1, ¢(1) = 3, ¢(0) = 0 (i.e. the permutation represented by
the list [0, 3, 1, 2]).
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5.10.1 Random permutation : randperm

randperm takes as argument an integer n.
randperm returns a random permutation of [0..n — 1].
Input :

randperm(3)
Output :

(2,0,1]

5.10.2 Decomposition as a product of disjoint cycles : permu2cycles

permu2cycles takes as argument a permutation.
permu2cycles returns its decomposition as a product of disjoint cycles.
Input :

permu2cycles([1,3,4,5,2,01)
Output :
[[0,1,3,5],[2,4]]

In the answer the cycles of size 1 are omitted, except if n — 1 is a fixed point of the
permutation (this is required to find the value of n from the cycle decomposition).
Input :

permu2cycles([0,1,2,4,3,5])

Output :
[[5],[3,4]]
Input :
permu2cycles([0,1,2,3,5,41)
Output :

([4,5]]

5.10.3 Product of disjoint cycles to permutation: cycles2permu

cycles2permu takes as argument a list of cycles.

cycles2permu returns the permutation (of size n chosen as small as possible)
that is the product of the given cycles (it is the inverse of permu2cycles).
Input :

cycles2permu([[1,3,5],12,41])
Output :
(0,3,4,5,2,1]

Input :
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cycles2permu([[2,4]])

Output :
[0,1,4,3,2]
Input :
cycles2permu([[5]1,[2,4]])
Output :

(0,1,4,3,2,5]

5.10.4 Transform a cycle into permutation : cycle2perm

cycle2perm takes on cycle as argument.
cycle2perm returns the permutation of size n corresponding to the cycle given
as argument, where n is chosen as small as possible (see also permu2cycles
and cycles2permu).
Input :

cycle2perm([1,3,5])
Output :

(0,3,2,5,4,1]

5.10.5 Transform a permutation into a matrix : permu2mat

permu2mat takes as argument a permutation p of size n.

permu2mat returns the matrix of the permutation, that is the matrix obtained by
permuting the rows of the identity matrix of size n with the permutation p.

Input :

permuZmat ([2,0,1])
Output :
(ro,o0,11,f11,0,01,100,1,07]

5.10.6 Checking for a permutation : is_permu

is_permu is a boolean function.

is_permu takes as argument a list.

is_permureturns 1 if the argument is a permutation and returns O if the argument
is not a permutation.

Input :
is_permu([2,1,3])
Output :
0
Input :
is_permu([2,1,3,01])
Output :
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5.10.7 Checking for acycle: is_cycle

is_cycle is a boolean function.
is_cycle takes a list as argument.
is_cycle returns 1 if the argument is a cycle and returns O if the argument is not

a cycle.
Input :
is_cycle([2,1,3])
Output :
1
Input :
is_cycle([2,1,3,2])

Output :

5.10.8 Product of two permutations : plop2

plop?2 takes as arguments two permutations.
plop?2 returns the permutation obtained by composition :

1Starg o 2ndarg

Input :
plop2([(3,4,5,2,0,11,12,0,1,4,3,51)
Output :
[5,3,4,0,2,1]
Warning

Composition is done using the standard mathematical notation, that is the permu-
tation given as the second argument is performed first.

5.10.9 Composition of a cycle and a permutation : c1lop?2

clop?2 takes as arguments a cycle and a permutation.
clop? returns the permutation obtained by composition :

1Starg o 2ndarg

Input :
clop2([3,4,51,02,0,1,4,3,5])
Output :
[2,0,1,5,4,3]
Warning

Composition is done using the standard mathematical notation, that is the permu-
tation given as the second argument is performed first.
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5.10.10 Composition of a permutation and a cycle : ploc2

ploc? takes as arguments a permutation and a cycle.
ploc2 returns the permutation obtained by composition :

18targ 0 2Marg
Input :
ploc2([3,4,5,2,0,11,12,0,1])
Output :
[4,5,3,2,0,1]
Warning

Composition is done using the standard mathematical notation, that is the cycle
given as second argument is performed first.

5.10.11 Product of two cycles : cloc?2

cloc?2 takes as arguments two cycles.
cloc?2 returns the permutation obtained by composition :

1Starg o 2ndarg

Input :
cloc2([3,4,51,12,0,11)
Output :
[1,2,0,4,5,3]
Warning

Composition is done using the standard mathematical notation, that is the cycle
given as second argument is performed first.

5.10.12 Signature of a permutation : signature

signature takes as argument a permutation.
signature returns the signature of the permutation given as argument.
The signature of a permutation is equal to :

o 1 if the permutation is equal to an even product of transpositions,

e -1 if the permutation is equal to an odd product of transpositions.

The signature of a cycle of size k is : (—1)**1,
Input :

signature([3,4,5,2,0,11)
Output :

-1

Indeed permu2cycles([3,4,5,2,0,11)=[10,3,2,5,1,4]11.
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5.10.13 Inverse of a permutation : perminv

perminv takes as argument a permutation.

perminv returns the permutation that is the inverse of the permutation given as
argument.

Input :

perminv ([1,2,01])
Output
[2,0,1]

5.10.14 Inverse of a cycle: cycleinv

cycleinv takes as argument a cycle.
cycleinv returns the cycle that is the inverse of the cycle given as argument.
Input :

cycleinv([2,0,1])
Output
[1,0,2]

5.10.15 Order of a permutation : permuorder

permuorder takes as argument a permutation.
permuorder returns the order k£ of the permutation p given as argument, that is
the smallest integer m such that p™ is the identity.

Input :
permuorder ([0,2,1])
Output
2
Input :
permuorder ([3,2,1,4,0])
Output

5.10.16 Group generated by two permutations : groupermu

groupermu takes as argument two permutations a and b.
groupermu returns the group of the permutations generated by a and b.
Input :

groupermu<[or2rlr 3] ’ [311121 O])
Output

(eo,2,1,31,103,1,2,01,100,1,2,3],(3,2,1,0]]
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5.11 Complex numbers

Note that complex numbers are also used to represent a point in the plane or a 1-d
function graph.
5.11.1 Usual complex functions : +, -, «, /, ~

+,-,%,/," arethe usual operators to perform additions, subtractions, multipli-
cations, divisions and for raising to an integer or a fractional power.
Input :

(1+2x1) "2
Output :

—3+4+1i

5.11.2 Real part of a complex number : re real

re (or real) takes as argument a complex number (resp. a point A).

re (or real) returns the real part of this complex number (resp. the projection on
the x axis of A).

Input :

re (3+4«1)

Output :

5.11.3 Imaginary part of a complex number : im imag

im (or imag) takes as argument a complex number (resp. a point A).

im (or imagqg) returns imaginary part of this complex number (resp. the projection
on the y axis of A).

Input :

im(3+4x1)

Output :

5.11.4 Write a complex as re (z) +ixim(z) : evalc

evalc takes as argument a complex number z.
evalc returns this complex number, written as re (z) +i+im(z).
Input :

evalc (sqrt (2) xexp (ixpi/4))
Output :

1+1
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5.11.5 Modulus of a complex number : abs

abs takes as argument a complex number.
abs returns the modulus of this complex number.
Input :

abs (3+4x1)

Output :

5.11.6 Argument of a complex number : arg

arg takes as argument a complex number.
arg returns the argument of this complex number.
Input :

arg (3+4x1)

Output :

atan (4/3)

5.11.7 The normalized complex number : normalize unitV

normalize or unitV takes as argument a complex number.
normalize or unitV returns the complex number divided by the modulus of
this complex number.
Input :
normalize (3+4x%1)

Output :

(3+4%1) /5

5.11.8 Conjugate of a complex number : conj

conj takes as argument a complex number.
conj returns the complex conjugate of this complex number.
Input :

conj(3+4x1i)

Output :

3-4%1i
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5.11.9 Multiplication by the complex conjugate : mult_c_conjugate

mult_c_conjugate takes as argument an complex expression.

If this expression has a complex denominator, mult_c_conjugate multiplies
the numerator and the denominator of this expression by the complex conjugate of
the denominator.

If this expression does not have a complex denominator, mult_c_conjugate
multiplies the numerator and the denominator of this expression by the complex
conjugate of the numerator.

Input :
mult_c_conjugate ( (2+1i)/ (2+3%1))
Output :
(241) * (243% (1)) / ((243% (1) ) * (24+3% (=1)))
Input :
mult_c_conjugate ((2+1)/2)
Output :

(2+41) x (2+4-1) /(2% (2+-1))

5.11.10 Barycenter of complex numbers : barycentre

barycentre takes as argument two lists of the same size (resp. a matrix with
two columns):

o the elements of the first list (resp. column) are points A; or complex numbers
a; (the affixes of the points),

e the elements of the second list (resp. column) are real coefficients a; such

that >~ a; # 0.

barycentre returns the barycenter point of the points A; weighted by the real
coefficients a;. If )~ oj = 0, barycentre returns an error.
Warning To have a complex number in the output, the input must be :

affix (barycentre(...,...)) because barycentre(...,...) re-
turns a point, not a complex number.
Input :

affix (barycentre ([1+i,1-1],[1,11))
or:
affix (barycentre ([[1+4i,1],[1-1,1]]))

Output :
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5.12 Algebraic expressions

5.12.1 Evaluate an expression : eval

eval is used to evaluate an expression. Since Xcas always evaluate expressions
entered in the command line, eval is mainly used to evaluate a sub-expression in
the equation writer.

Input :
a:=2

Output :

2
Input :

eval (2+3x*a)
or
2+3%*a

Output :

8

5.12.2 [Evaluate algebraic expressions : evala

In Maple, evala is used to evaluate an expression with algebraic extensions. In
Xcas, evala is not necessary, it behaves like eval.

5.12.3 Prevent evaluation : quote hold '

A quoted subexpression (either with 7 or with the quote or hold) command will
not be evaluated.

Remark a:=quote (a) (ora:=hold (a))is equivalent to purge (a) (for the
sake of Maple compatibility). It returns the value of this variable (or the hypothesis
done on this variable).

Input :
a:=2;quote (2+3xa)
or
a:=2;"2+3xa’
Output :

(2,2+3*a)
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5.12.4 Force evaluation : unquote

unquote is used to evaluate inside a quoted expression.

For example in an affectation, the variable is automatically quoted (not evaluated)
so that the user does not have to quote it explicitly each time he want to modify its
value. In some circumstances, you might however want to evaluate it.

Input:

purge (b) ;a:=b;unquote (a) :=3
Output :

b contains 3, hence a evals to 3

5.12.5 Distribution : expand fdistrib

expand or fdistrib takes as argument an expression.
expand or £distrib returns the expression where multiplication is distributed
with respect to the addition.

Input :
expand ( (x+1) * (x=2))
or:
fdistrib ((x+1) x (x-2))
Output :

XN2-2%xX+x—2

5.12.6 Canonical form : canonical_ form

canonical_form takes as argument a trinomial of second degree.
canonical_form returns the canonical form of the argument.
Example :

Find the canonical form of :

x2—6x—|—1

Input :
canonical form(x"2-6+x+1)
Output :

(x-3)"2-8
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5.12.7 Multiplication by the conjugate quantity : mult_conjugate

mult_conjugate takes as argument an expression with a denominator or a nu-
merator supposed to contain a square root :

o if the denominator contains a square root,
mult_conjugate multiplies the numerator and the denominator of the
expression by the conjugate quantity of the denominator.

o otherwise, if the numerator contains a square root,
mult_conjugate multiplies the numerator and the denominator of this
expression by the conjugate quantity of the numerator.

Input :
mult_conjugate ((2+sgrt (2))/ (2+sgrt (3)))
Output :
(24sgrt (2) ) x (2-sqrt (3) )/ ((2+sqgrt (3) ) * (2-sqgrt (3)))
Input :
mult_conjugate ((2+sqrt (2))/ (sqgrt (2) +sqgrt (3)))
Output :
(2+sqgrt (2) ) » (=sqrt (2) +sgrt (3)) /
((sgrt (2) +sgrt (3)) * (=sqgrt (2) +sgrt (3)))
Input :
mult_conjugate ( (2+sqrt (2))/2)
Output :

(2+sgrt (2) ) x (2-sqrt (2)) / (2% (2-sqrt (2)))

5.12.8 Separation of variables : split

split takes two arguments : an expression depending on two variables and the
list of these two variables.

If the expression may be factorized into two factors where each factor depends only
on one variable, split returns the list of this two factors, otherwise it returns the
list [0].

Input :

split ((x+1)*(y-2), [x,v])
or:

split (xxy—2xx+y-2, [X,V])
Output :

[x+1,y-2]

Input :

split ((x"2xy~2-1, [x,v])
Output :

[0]
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5.12.9 Factorization : factor

factor takes as argument an expression.

factor factorizes this expression on the field of its coefficients, with the addition
of 7 in complex mode. If sgrt is enabled in the Cas configuration, polynomials
of order 2 are factorized in complex mode or in real mode if the discriminant is
positive.

Examples

1. Factorize z* — 1 over Q.
Input :

factor (x74-1)
Output :
(x72+1) *» (x+1) * (x—-1)

The coefficients are rationals, hence the factors are polynomials with ratio-
nals coefficients.

2. Factorize ¢ — 1 over Q[i]
To have a complex factorization, check complex in the cas configuration
(red button displaying the status line).
Input :
factor (x"4-1)
Output :

—1x (=x+—1) * (Ixx+1) » (=x+1) * (x+1)

3. Factorize z* 4+ 1 over Q
Input :

factor (x"4+1)
Output :
xM+1

Indeed z* + 1 has no factor with rational coefficients.

4. Factorize z* 4 1 over Q4]
Check complex in the cas configuration (red button rouge displaying the
status line).
Input :
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factor (x74-1)
Output :
(x724+1) * (x"2+-1)
5. Factorize z* + 1 over R.
You have to provide the square root required for extending the rationals. In

order to do that with the help of Xcas, first check complex in the cas
configuration and input :

solve (x74+1, x)

Output :

[sqgrt (2)/2+ (1) *sqrt (2) /2, sqrt (2) /2+ (1) x (- (sqrt (2) /2)),
—-sqgrt (2) /2+ (i) xsqrt (2) /2, -sqrt (2) /2+ (1) * (= (sqgrt (2) /2)) ]

The roots depends on v/2. Uncheck complex mode in the Cas configuration
and input :

factor (x"4+1,sqgrt(2))
Output :
(x"2+sgrt (2) »x+1) » (x"2+ (= (sqrt (2))) »x+1)

To factorize over C, check complex in the cas configuration or input
cFactor (x"4+1,sqrt (2)) (cf cFactor).
5.12.10 Complex factorization : cFactor

cFactor takes as argument an expression.

cFactor factorizes this expression on the field Q[i] C C (or over the complexi-
fied field of the coefficients of the argument) even if you are in real mode.
Examples

1. Factorize 2* — 1 over Z[i].
Input :

cFactor (x"4-1)
Output :
—((x+-1)* ((—1) *x+1) * ((—1)»x+1)*(x+1))

2. Factorize z* + 1 over Z[i].
Input :
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cFactor (x74+1)
Output :
(x"2+1) * (x72+-1)

3. For a complete factorization of z* + 1, check the sqrt box in the Cas config-
uration or input :

cFactor (x74+1, sqrt (2))

Output :

Ssqrt (2) x1/2* (sqrt (2) *x+1-1) * (sqrt (2) xx—1+1) »xsqrt (2) *
1/2% (sgrt (2) *x+14+1) * (sqrt (2) *x—-1-1)

5.12.11 Zeros of an expression : zeros

zeros takes as argument an expression depending on .

zeros returns a list of values of x where the expression vanishes. The list may

be incomplete in exact mode if the expression is not polynomial or if intermediate
factorizations have irreducible factors of order strictly greater than 2.

In real mode, (complex box unchecked in the Cas configuration or complex_mode :=0),
only reals zeros are returned. In (complex_mode:=1) reals and complex zeros

are returned. See also cZeros to get complex zeros in real mode.

Input in real mode :

zeros (x"2+4)

Output :

Input in complex mode :
zeros (x"2+4)
Output :
[—2%1,2%1]
Input in real mode :
zeros (In(x) *"2-2)
Output :
[exp (sqrt (2)),exp (- (sqrt(2)))]

Input in real mode :

zeros (1ln(y)"~2-2,y)
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Output :
[exp (sqrt (2)),exp (- (sqrt(2))) ]
Input in real mode :
zeros (xx (exp (X)) "2-2*xx-2* (exp (x) ) "2+4)
Output :

[[log(sgrt(2)),2]

5.12.12 Complex zeros of an expression : cZeros

cZeros takes as argument an expression depending on .

cZeros returns a list of complex values of = where the expression vanishes. The
list may be incomplete in exact mode if the expression is not polynomial or if
intermediate factorizations have irreducible factors of order strictly greater than 2.
Input in real or complex mode :

czZeros (x"2+4)

Output :
[—2%i,2%1]
Input :
czeros (1ln(x)"2-2)

Output :

[exp (sqrt (2)),exp (- (sqrt(2)))]
Input :

cZeros (1In(y)*2-2,vy)

Output :

[exp (sqrt (2)),exp (- (sqrt(2))) ]
Input :

cZeros (xx (exp (X)) "2-2xx-2* (exp (x) ) "2+4)

Output :

[log(sgrt(2)),log(-sgrt(2)),2]
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5.12.13 Normal form : normal

normal takes as argument an expression. The expression is considered as a ra-
tional fraction with respect to generalized identifiers (either true identifiers or tran-
scendental functions replaced by a temporary identifiers) with coefficients in QQ or
Q[] or in an algebraic extension (e.g. Q[v/2]). normal returns the expanded irre-
ducible representation of this rational fraction. See also ratnormal for pure ra-
tional fractions or simplify if the transcendental functions are not algebraically

independent.
Input :
normal ((x—1) % (x+1))
Output :
x"2-1
Remarks

e Unlike simplify, normal does not try to find algebraic relations between
transcendental functions like cos(z)? + sin(z)? = 1.

e [t is sometimes necessary to run the normal command twice to get a fully
irreducible representation of an expression containing algebraic extensions.

5.12.14 Simplify : simplify

simplify simplifies an expression. It behaves like normal for rational frac-
tions and algebraic extensions. For expressions containing transcendental func-
tions, simplify tries first to rewrite them in terms of algebraically independent
transcendental functions. For trigonometric expressions, this requires radian mode
(check radian in the cas configuration or input angle_radian:=1).

Input :

simplify ((x—1)*(x+1))

Output :
x"2-1
Input :
simplify (3-54*sqrt (1/162))
Output :
—-3%sgrt (2)+3
Input :
simplify ((sin(3*x)+sin(7*x))/sin (5xx))

Output :

4% (cos (x))"2-2
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5.12.15 Normal form for rational fractions : ratnormal

ratnormal rewrites an expression using its irreducible representation. The ex-
pression is viewed as a multivariate rational fraction with coefficients in Q (or
Q[é]). The variables are generalized identifiers which are assumed to be alge-
braically independent. Unlike with normal, an algebraic extension is considered
as a generalized identifier. Therefore ratnormal is faster but might miss some
simplifications if the expression contains radicals or algebraically dependent tran-
scendental functions.

Input :
ratnormal ( (x*3-1)/(x"2-1))
Output :
(x"2+x+1) / (x+1)
Input :
ratnormal ( (-2x"3+3x"2+5x-6) / (x"2-2x+1))
Output :

(=2*x"2+x+6) / (x-1)

5.12.16 Substitute a variable by a value : subst
subst takes two or three arguments :

e an expression depending on a variable, an equality (variable=value of sub-
stitution) or a list of equalities.

e an expression depending on a variable, a variable or a list of variables, a
value or a list of values for substitution.

subst returns the expression with the substitution done. Note that subst does
not quote its argument, hence in a normal evaluation process, the substitution vari-
able should be purged otherwise it will be replaced by its assigned value before
substitution is done.

Input :

subst (a”2+1, a=2)
or :
subst (a”2+1,a, 2)
Output (if the variable a is purged else first input purge (a)):
5
Input :
subst (a”2+b, [a,b]l, [2,1])

or:
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subst (a”2+b, [a=2,b=1])
Output (if the variables a and b are purged else first input purge (a, b)) :
5

subst may also be used to make a change of variable in an integral. In this
case the integrate command should be quoted (otherwise, the integral would
be computed before substitution) or the inert form Int should be used. In both
cases, the name of the integration variable must be given as argument of Int or
integrate even you are integrating with respect to x.

Input :

subst (’ integrate (sin (x"2) *x,x,0,pi/2)’,x=sqrt (t))
or :
subst (Int (sin(x"2) *x,x,0,pi/2),x=sqgrt (t))
Output

integrate (sin(t)*sqrt (t)«1/2*«1/t*sqgrt(t),t,0, (pi/2)"2)

Input :
subst (" integrate (sin(x"2) *x,x)’ ,x=sqgrt (t))
or :
subst (Int (sin (x"2) *x, X) , x=sqrt (t))
Output

integrate (sin(t)*sqgrt (t)«1/2+«1/t*sqgrt (t),t)

5.12.17 Substitute a variable by a value (Maple and Mupad compati-
bility) : subs

In Maple and in Mupad, one would use the subs command to substitute a vari-
able by a value in an expression. But the order of the arguments differ between
Maple and Mupad. Therefore, to achieve compatibility, Xcas subs command
arguments order depends on the mode

e InMaple mode, subs takes two arguments : an equality (variable=substitution
value) and the expression.
To substitute several variables in an expression, use a list of equality (vari-
able names = substitution value) as first argument.

e In Mupad or Xcas or TI, subs takes two or three arguments : an expres-
sion and an equality (variable=substitution value) or an expression, a variable
name and the substitution value.

To substitute several variables, sulbs takes two or three arguments :

— an expression of variables and a list of (variable names = substitution
value),
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— an expression of variables, a list of variables and a list of their substi-
tution values.

subs returns the expression with the substitution done. Note that subs does not
quote its argument, hence in a normal evaluation process, the substitution variable
should be purged otherwise it will be replaced by its assigned value before substi-
tution is done.

Input in Maple mode (if the variable a is purged else input purge (a) ) :

subs (a=2,a"2+1)
Output
27°2+1
Inputin Maple mode (if the variables a and b are purged else input purge (a, b) ):

subs ([a=2,b=1],a"2+b)

Output :
272+1
Input :
subs (a”2+1, a=2)
or :

subs (a®2+1,a, 2)
Output (if the variable a is purged else input purge (a) ) :
5

Input :

subs (a”2+b, [a=2,b=1])
or:

subs (a®2+b, [a,b], [2,1])
Output (if the variables a and b are purged else input purge (a, b)) :

27°2+1

5.12.18 Evaluate a primitive at boundaries: preval

preval takes three arguments : an expression F depending on the variable x, and
two expressions a and b.

preval computes Fl,—p — Flp—q.

preval is used to compute a definite integral when the primitive F' of the inte-
grand f is known. Assume for example thatF : =int (£, x),thenpreval (F, a, b)
is equivalent to int (£, x, a, b) but does not require to compute again F from £

if you change the values of a or b.

Input :

preval (x"2+x,2,3)

Output :
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5.12.19 Sub-expression of an expression : part

part takes two arguments : an expression and an integer n.
part evaluate the expression and then returns the n-th sub-expression of this ex-
pression.

Input :
part (x"2+x+1,2)
Output :
X
Input :
part (x"2+ (x+1) * (y—-2)+2,2)
Output :
(x+1) * (y=2)
Input :
part ((x+1)*(y=-2)/2,2)

Output :

y—2

5.13 Values of u,,

5.13.1 Array of values of a sequence : tablefunc

tablefunc is a command that should be used inside a spreadsheet (opened with
Alt+t), it returns a template to fill two columns, with the table of values of a
function. If the step value is 1, tablefunc (ex, n,n0,1), where ex is an
expression depending on n, will fill the spreadsheet with the values of the sequence
Uy =ex forn=n0, n0+1, n0O+2,.....

Example : display the values of the sequence u,, = sin(n)
Select a cell of a spreadsheet (for example C0) and input in the command line :

tablefunc(sin(n),n,0,1)
Output :

two columns : n and sin(n)

e in the column C: the variable name n, the value of the step (this value should
be equal to 1 for a sequence), the value of n0 (here 0), then a recurrence
formula (C2+CS1, ..).

e in the column D: sin (n), "Tablefunc", then a recurrence formula.

e For each row, the values of the sequence u, = sin(n) correspond to the val-
ues of n starting from n=n0 (here 0).
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5.13.2 Table of values and graph of a recurrent sequence : tableseq
and plotseq

tableseq is a command that should be used inside a spreadsheet (opened with
Alt+t), it returns a template to fill one column with ug, uy4+1 = £(uy) (One-term
recurrence) or more generally ug, ..., Uk, Upig+1 = f(Un, Upt1,-ees Uptk). The
template fills the column starting from the selected cell, or starting from O if the
whole column was selected.
See also plotseq (section 6.13) for a graphic representation of a one-term recur-
rence sequence.

Examples :

e display the values of the sequence uy = 3.5, u,, = sin(u,—_1)
Select a cell of the spreadsheet (for example B0) and input in the command
line :
tableseqg(sin(n),n,3.5)

Output :

a column with sin(n), n, 3.5 and the formula
evalf (subst (B$0,BS1,B2))

You get the values of the sequence up = 3.5, u, = sin(up—_1) in the column
B.

e display the values of the Fibonacci sequence ug = 1,u; = 1 upy2 = up +
Un+1
Select a cell, say B0, and input in the command line

tableseq(x+ty, [x,y], [1,1])

This fills the B column sheet with

row | B

X+y

gllw| Nk o
N[ X

5.14 Operators or infixed functions

An operator is an infixed function.



5.14. OPERATORS OR INFIXED FUNCTIONS 151

~

5.14.1 Usual operators :+, -, *, /,
+, -, *, /, ° are the operators to do additions, subtractions, multiplica-
tions, divisions and for raising to a power.

5.14.2 Xcas operators

e $ is the infixed version of seq, for example :
(2°k)$ (k=0..3)= seq(2"k,k=0..3)=(1,2,4,8) (do not forget
to put parenthesis around the arguments),

e mod or % to define a modular number,
e (@ to compose functions for example : (f@g) (x)=f (g (x)),

e @@ tocompose a function many times (like a power, replacing multiplica-
tion by composition), for example : (fQ@3) (x)=f (f (£ (x))),

e minus union intersect to getthe difference, the union and the inter-
section of two sets,

e —> to define a function,

e := => to store an expression in a variable (it is the infixed version of sto
and the argument order is permuted for :=), for example : a:=2 or 2=>a
orsto(2,a).

e =< to store an expression in a variable, but the storage is done by reference
if the target is a matrix element or a list element. This is faster if you modify
objects inside an existing list or matrix of large size, because no copy is
made, the change is done in place. Use with care, all objects pointing to this
matrix or list will be modified.

5.14.3 Define an operator: user_operator
user_operator takes as argument :

e a string : the name of the operator,

e a function of two variables with values in R or in true, false,

e an option Binary for the definition or Delete to delete this definition.

user_operator returns 1 if the definition is done and else returns 0.
Example 1

Let Rbedefinedon Rbyx Ry =xxy+z + .

To define the law R, input :

user_operator ("R", (x,y) —>x*xy+x+y,Binary)

Output :

Input :
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5 R 7

Do not forget to put spaces around R.
Output :

47

Example 2
Let .S be defined on N by :
for x and y integers, z S y <=> x and y are not coprime.
To define the law S, input :

user_operator ("S", (x,y)->(gcd(x,y)) '=1,Binary)
Output :
1
Input :
58S 7
Do not forget to put spaces around S.
Output :
0
Input :
8 s 12
Do not forget to put spaces around S.
Output :
1

5.15 Functions and expressions with symbolic variables

5.15.1 The difference between a function and an expression

A function f is defined for example by :

f(x):=x"2-1lorby f:=x->x"2-1

that is to say, for all , f(z) is equal to the expression 22 — 1. In that case, to have
the value of f for x = 2, input :f (2).

But if the input is g: =x~2-1, then g is a variable where the expression 22 — 1 is
stored. In that case, to have the value of g for x = 2, input : subst (g, x=2) (g
is an expression depending on x).

When a command expects a function as argument, this argument should be

either the definition of the function (e.g. x—>x"2-1) or a variable name assigned
to a function (e.g. f previously defined by e.g. £ (x) :=x"2-1).
When a command expects an expression as argument, this argument should be
either the definition of the expression (for example x"~2-1), or a variable name
assigned to an expression (e.g. g previously defined, for example, by g:=x"2-1),
or the evaluation of a function. e.g. £ (x) if £ is a previously defined function, for
example, by f (x) :=x"2-1).
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5.15.2 Transform an expression into a function : unapply

unapply is used to transform an expression into a function.

unapply takes two arguments an expression and the name of a variable.

unapply returns the function defined by this expression and this variable.
Warning when a function is defined, the right member of the assignment is

not evaluated, hence g:=sin (x+1); f (x) :=g does not defined the function

f & — sin(x + 1) but defines the function f : x — g. To defined the former

function, unapply should be used, like in the following example:

Input :

g:= sin(x+1l); f:=unapply (g, x)
Output :
(sin(x+1), (x)->sin(x+1))

hence, the variable g is assigned to a symbolic expression and the variable f is
assigned to a function.

Input :
unapply (exp (x+2) , x)
Output :
(x) —>exp (x+2)
Input :
f:=unapply(lagrange([1,2,3],[4,8,12]),x%)
Output :
(x) —>4+4% (x-1)
Input :
f:=unapply (integrate(log(t),t,1,x),x)
Output :
(x) —>x*x1log(x)-x+1
Input :
f:=unapply(integrate(log(t),t,1,x),x)
f(x)
Output :

x*xlog (x)—x+1

Remark Suppose that f is a function of 2 variables f : (z,w) — f(z,w), and
that g is the function defined by g : w — h,, where h,, is the function defined by
h(z) = f(z, w).

unapply is also used to define g with Xcas.

Input :
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f(x,wW) :=2*xX+wW
g (w) :=unapply (f (x,w), X)
g(3)

Output :

xX—>2-x+3

5.15.3 Top and leaves of an expression : sommet feuille op

An operator is an infixed function : for example '+’ is an operator and ’sin’ is a
function.

An expression can be represented by a tree. The top of the tree is either an operator,
or a function and the leaves of the tree are the arguments of the operator or of the
function (see also 5.40.11).

The instruction sommet (resp. feuille (or op)) returns the top (resp. the list of
the leaves) of an expression.

Input :
sommet (sin (x+2))
Output :
"sin’
Input :
sommet (x+2+*y)
Output :
"
Input :
feuille (sin (x+2))
or :
op(sin (x+2))
Output :
X+2
Input :
feuille (x+2xy)
or :

op (x+2xy)

Output :
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(x,2*y)

Remark
Suppose that a function is defined by a program, for example let us define the pgcd
function :

pgcd(a,b) :={local r; while (b!=0)
{r:=irem(a,b);a:=b;b:=r;} return a;}

Then input :
sommet (pgcd)
Output :
"program’

Then input :

feuille (pgcd) [0]
Output :

(a,b)

Then input :

feuille (pgcd) [1]
Output :

(0,0) or (15,25) if the last input was pgcd(l5,25)

Then input :
feuille (pgcd) [2]
Output :
The body of the program : {local r;....return(a);}

5.16 Functions

5.16.1 Context-dependent functions.
Operators + and -

+ (resp. —) is an infixed function and ’ +’ (resp. ’ —') is a prefixed function. The
result depends on the nature of its arguments.
Examples with + (all examples except the last one work also with — instead of +) :

e input (1,2)+(3,4) or (1,2,3)+4 or 1+2+3+4 or *+’(1,2,3,4), output 10,
e input 1+i+2+3%*i or *+’(1,1,2,3*1), output 3+4*i,

e input [1,2,3]+[4,1] or [1,2,3]+[4,1,0] or ’+°([1,2,3].[4,1]), output [5,3,3],
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e input [1,2]+[3,4] or "+°([1,2],[3.,4]), output [4,6],

e input [[1,2],[3,4]]+ [[1,2],[3,4]], output [[2,4],[6,8]],

e input [1,2,3]+4 or °+°([1,2,3],4), output poly1[1,2,7],

e input [1,2,3]+(4,1) or ’+’([1,2,3],4,1), output poly1[1,2,8],

e input "Hel"+"lo" or +’("Hel","lo"), output "Hello".

Operator

x 18 an infixed function and ’ +’ is a prefixed function. The result depends on the
nature of its arguments.
Examples with * :

e input (1,2)*(3,4) or (1,2,3)*4 or 1*¥2*3*4 or **°(1,2,3,4), output 24,

e input 1*1*2*3*i or **’(1,i,2,3*1), output -6,

e input[10,2,3]*[4,1] or [10,2,3]*[4,1,0] or **’([10,2,3],[4,1]), output 42 (scalar
product),

e input [1,2]*[3,4] or **°([1,2],[3,4]), output 11 (scalar product),

e input [[1,2],[3,4]]1* [[1,2],[3.4]], output [[7,10],[15,22]],

e input [1,2,3]*4 or **’([1,2,3],4), output [4,8,12],

e input [1,2,3]*%(4,2) or **°([1,2,3],4,2) or [1,2,3]*8, output [8,16,24],

e input (1,2)+i*(2,3) or 14+2+i*2*3, output 3+6*i.

Operator /
/ is an infixed function and ’ /” is a prefixed function. The result depends of the
nature of its arguments.
Examples with / :
e input [10,2,3]/[4,1], output invalid dim
e input [1,2]/[3.4] or °/*([1,2],[3,4]), output [1/3,1/2],
e input 1/[[1,2],[3,4]] or */*(1,[[1,2],[3,4]], output [[-2,1],[3/2,(-1)/2]],
e input [[1,2],[3,4]]*1/ [[1,2],[3,4]], output [[1,0],[0,1]],

e input [[1,2],[3,4])/ [[1,2],[3,4]], output [[1,1],[1,1]] (division term by term),
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5.16.2 Usual functions

e max takes as argument two real numbers and returns their maximum,
e min takes as argument two real numbers and returns their minimum,

e abs takes as argument a complex number and returns the modulus of the
complex parameter (the absolute value if the complex is real),

e sign takes as argument a real number and returns its sign (+1 if it is positive,
0 if it is null, and -1 if it is negative),

e floor (or iPart) takes as argument a real number r, and returns the
largest integer < 7,

e round takes as argument a real number and returns its nearest integer,

e ceil or ceiling takes as argument a real number and returns the smallest
integer > r

e frac (or fPart) takes as argument a real number and returns its fractional
part,

e trunc takes as argument a real number and returns the integer equal to the
real without its fractional part,

e 1idis the identity function,

e sq is the square function,

e sgrt is the squareroot function,

e exp is the exponential function,

e logor 1n is the natural logarithm function,
e 10gl0 is the base-10 logarithm function,

e logb is the logarithm function where the second argument is the base of the
logarithm: 1ogb (7,10)=10gl10(7)=1og(7)/log(10),

e sin (resp. cos, tan) is the sinus function, cosinus function, tangent func-
tion,

e cot, sec, csc arethe cotangent, secant, cosecant function

e asin(orarcsin),acos (orarccos),atan(orarctan),acot, asec,
acsc are the inverse trigonometric functions (see section 5.22.1 for more
info on trigonometric functions)

e sinh (resp. cosh, tanh) is the hyperbolic sinus function, cosinus func-
tion, tangent function,

e asinh or arcsinh (resp. acosh or arccosh, atanh or arctanh)is
the inverse function of sinh (resp. cosh, tanh)
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5.16.3 Defining algebraic functions
Defining a function from R” to R
Forp=1,e.g for f : () = x *sin(z), input :
f(x):=x*sin (x)
or:
fi=x->x*xsin(x)
Output :
(x) —>x*sin (x)
If p>1,eg. for f : (x,y) — x *sin(y), input :
f(x,y) :=xxsin(y)
or:
f:=(x,y)—>x*sin(y