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1 Introduction

1.1 Notations used in this manual

User input in XCAS typically takes one of the following three forms:

Commands that you enter on the command line. For example, to compute sin 7, you can type
> sin(pi/4)
The output will be typeset in blue and the messages in green.

Keyboard shortcuts. These are 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 q key,
which will be denoted by Ctrl+Q.

Menu commands. When denoting menu items (which are typeset in sans serif font), the submenus are
connected by » . For example, from within XCAS you can choose the File menu, then choose the
Open submenu, and then choose the File item. This will be indicated by File » Open » File.

When describing command syntax, specific values that you enter for arguments are in typewriter
font, while argument placeholders that should be replaced by actual values are in italics. Optional
arguments will be enclosed by angular brackets. For example, you can find the derivative of an
expression with the diff command (see Section 13.2.1, p. 277), which takes the form diff Cexpr(,z))
where expr is an expression and x is (optionally) a variable or a list of variables.

In XcAs there exist many synonymous commands (i.e. having different names but the same effect).
When a group of synonyms is described, the syntax details are provided only for the first command
name and it is implied that the instructions apply to the synonyms as well.

In the index(see p. ??), the entries which are part of XCAS language are written in typewriter font
(command names in black and programming keywords in blue) or italics (option names and specific
values like color names).

1.2 Interfaces for the giac library

The giac library is a C++ mathematics library. It comes with two interfaces use directly; a graphical
interface and a command-line interface. All interfaces can do symbolic and numeric calculations, use
giac’s programming language, and have a built in help function.

The graphical interface is called XCAs, and is the most full-featured interface. XCAS has additional
help features to make it easy to use, plus it has a built-in spreadsheet, it can do dynamic geometry and
it can do turtle graphics. The output given by this interface is typeset; for example:

> sqrt(2)

V2

The command-line interface can be run inside a terminal, and in a graphical environment can also
draw graphs. The output given by this interface is in text form; for example:

> sqrt(2)
sqrt(2)
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There is also a web version, which can be run through a javascript-enabled browser (it works best
with Firefox), either over the Internet or from local files. Other programs (for example, TEXyacg) have
interfaces for the command-line version. Some of these interfaces, such as the two mentioned here,
typeset their output.

1.2.1 Xcas interface

How you start XCAS in a graphical environment depends on which operating system you are using.

e If you are using Unix or Linux, you can usually find an entry for the program in a menu provided
your desktop environment. Otherwise, you can start it from a terminal by typing

xcas &

If for some reason XCAS becomes unresponsive, you can open a terminal and type
killall xcas

This will kill any running XCAS processes. XCAS keeps an automatic backup files, so when you
restart XCAS, you will be asked if you want to resume where you left off.

o If you are running Windows, use the explorer to go to the directory where XCAS is installed. In
that directory is a file called xcas.bat. You can click on that file to start XCAs.

e If you are running Mac OS, use the Finder to go to the xcas_image.dmg file and double-click it.
Then double-click the XcAs disk icon. Finally, you can double-click the XCAS program to launch
Xcas.

When you start XcAs, a window will open with menu entries across the top, below that will be a
bar giving information about the current XcAs configuration, and below that will be an entry line
use to enter commands. This interface will be described in more detail later, but the menu item
Help » Interface will bring up an introduction.

1.2.2 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.

1. 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 2> — 1, you can type

icas 'factor(x"2-1)'
in a command prompt. The result will be
(x=1)*(x+1)
and you will be returned to the operating system command line.

2. 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.
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0>> factor(x~2-1)
(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 Ctrl+D.

Alternatively, you can 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

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

1.2.3 Firefox interface

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

To run giac in Firefox, open the url https://www-fourier.ujf-grenoble.fr/~parisse/giac/
xcasen.html. At the top of this page will be a button which will open a quick tutorial; the tutorial
also tells you how to install the necessary files to run giac through Firefox without being connected to
the Internet.

1.2.4 TEXimacs interface

TEXmacs (http://www.texmacs.org) is a sophisticated word processor with special mathematical
features. As well as being designed to nicely typeset mathematics, it can be used as a frontend for
various mathematics programs, including giac.

Once you have started TEXyacs, you can interactively run giac within it by using the menu command
Insert » Session » Giac. Once started, you can enter giac commands as you would in the command-line
interface. You can later re-enter a giac entry line by choosing it with your arrow keys or clicking on it
with a mouse. The TEXy1acg interface also has a menu containing giac commands.

Note that a giac session in TEXyjacg may be started directly from a terminal using the script xgiac
available in the src subdirectory of the giac source.

Within TEXyacs, you can combine giac commands and their output with ordinary text. To enter
normal text within a giac session, use the menu item Focus » Insert Text Field Above.

You can also use mathematical input when entering commands, which allows for fast typing of
complex formulas. For details, see the giac plugin documentation in TEXyacg- Also, any command
output in a TEXyacs session (or a part of it) may be copied back to an input field, thanks to the
conversion routines between giac syntax and TEXyacs Scheme.

Graphics created by giac are converted to PDF and embedded into TEXp1acg sessions. Note that
this requires the Ghostscript package to be installed on your system.

1.2.5 Checking the version of giac that you are using

The version (or giac) command returns the version of giac that is running. It does not have any
arguments, but it does require parentheses.

> version()

“giac 1.6.0, (c) B. Parisse and R. De Graeve, Institut Fourier, Universite de Grenoble 1”


https://www-fourier.ujf-grenoble.fr/~parisse/giac/xcasen.html
https://www-fourier.ujf-grenoble.fr/~parisse/giac/xcasen.html
http://www.texmacs.org

2 Xcas interface

2.1 Entry levels

The XcCAS 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 level. Each level can have one of the following:

Command line entry — This is the default; you can open a new command line with Alt+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 enter. The result will then be displayed, and another
command line will appear. You can also scroll through the command history with Ctrl+Up and
Ctrl+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 will be an expression editor (see Section 2.9, p. 28). There will be
a scrollbar and a small button M | to the right of this area, which is a menu providing 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 which use to manipulate the graphic (see Section 19.1.1,
p. 454).

Expression editor — See Section 2.9, p. 28. You can open an expression editor with Alt+E.

2D geometry screen — See Section 19.1.1, p. 454. You can open a 2D geometry screen with Alt+G.
This level will have a screen, as well as a control panel, menus and a command line to control the
screen.

3D geometry screen — See Section 19.1.1, p. 454. You can open a 3D geometry screen with Alt+H.
This level will have a screen, as well as a control panel, menus and a command line to control the
screen.

Turtle graphics screen — You can open a turtle graphics screen with Alt+D. This level will have a
screen, as well as a program editor and command line.

Spreadsheet — See Section 2.10, p. 31. You can open a spreadsheet with Alt+T. A spreadsheet can
open a graphic screen.

Program editor — See Section 25.1.1, p. 646. You can open a program editor with Alt4P.
Comment line — See Section 2.8.2, p. 27. You can open a comment line with Alt+C.

Levels can be moved up and 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.

You can select a level (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 turns black. You can select a range of levels
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Figure 2.1: The initial XCcAS window

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.

You can copy the instructions in a range of levels by selecting the range, and then clicking the middle
mouse button on the number of the target level.

2.2 Starting window

When you first start XCAS, you get a largely blank window, as shown in Figure 2.1. The first row will
consist of the main menus; you can save and load XCAS sessions, configure XCAS and its interface and
run various commands with entries from these menus.

The second row will contains tabs; one tab for each session that you are running in XcAs. Each tab
will have the name of its session, or Unnamed if the session has no name. The first time you start XCAs,
there will be only one session, which will be unnamed.

The third row will contain various buttons.

o The button ' ? opens the help index (the same as the Help » Index menu entry; see Section 2.3.3,
p. 7). If there is a command on the command line, the help index will open at this command.

e The button | Save saves the session to a file. The first time you click on it you will be prompted
for a file name ending in .xws in which to save the session. 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.

e The wide button, which in the picture above says Config: exact real RAD 12 xcas 12.6728M, is a
status line indicating the current XCAS configuration (see Section 2.5, p. 13). If the session is
unsaved, it will begin with Config:; if the session is saved in a file filename.zws, this button will
begin with Config filename.zws:. Other information on this status line:

1. exact or approx
This tells you whether XcAs will give you exact values, such as v/2 when possible, or gives
you decimal approximations, such as 1.4142135. (See Section 2.5.4, p. 14.)

2. real, cplx or CPLX.
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Figure 2.2: On-screen scientific keyboard in XCAS
When this shows real (for example), then XcAs will by default only find real solutions
of equations. When this shows cplx, then 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. (See sections 2.5.5 and 2.5.6.)
3. RAD or DEG.
This tells you whether angles, as in trigonometric arguments, are measured in radians or
degrees. (See Section 2.5.3, p. 14.)
4. An integer.
This tells you how many significant digits will be used in floating point calculations. (See
Section 2.5.1, p. 13.)
5. XCAS, python “=#* python “=xor, MAPLE, MUPAD, or TI89.
This tells you what syntax XcAs will use. XCAS can be set to emulate the languages of
PyTHON, MAPLE, MUPAD, or the TI89 series of calculators. (See Section 2.5.2, p. 14.)
6. The last item tells you how much memory XcCAS is using.

Clicking on this status line button opens a window where you can configure the settings shown
on this line as well as some other settings; you can also open the window with the menu item
Cfg » CAS Configuration (see Section 2.5.7, p. 15).

o The button  STOP | (in red) is used to halt a computation which is running on too long.

e The button ' Kbd  toggles an on-screen scientific keyboard at the bottom of the window, which is
shown in Figure 2.2. Along the right hand side of the keyboard are some keys that can be used
to change the keyboard.

— The X key hides the keyboard, just like pressing the  Kbd  button again.

— The cmds key toggles 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 scroll through menu items. Clicking on one of the menu buttons

will perform the appropriate action or replace the menu items by its 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 replaces the menu buttons by buttons
representing the variables that you have defined. After that is a | cust button, which displays
commands that you store in a list variable CST (see section 3.3.10).

The last button, X , closes the menu bar.

The | msg key brings 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 KTEX file.
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Index X
OK | Cancel | Details |
Index Related
plot3d a|lplot N
plotarea plot3d
plotcdf plotparam j
plotcontour animate
plotdensity animate3d =
plotfield P —
Synonyms
plotimplicit 1| funcplot
plotinequation DrawFunc
plotlist Graph
plotode =~
? [plotfund]

Plots a 1 variable or 2 variables expression with superposition.
plotfunc(Expr,[Var(x) or VectVar] ,[Intg(color)])

Expr] [({var(x)) or VectVar}][
[Intg(*color)]|

plotfunc

plotfunc(-2¥x+1,x=1..2,color=red)
plotfunc{[-2*#x+1,x™2-2],x=-2..2,color=[red,yellow],xstep=0.2)
plotfunc(x”™2-y~2,[x,y],xstep=0.5,ystep=0.3)

plotfunc{x”~2+y"2 [x=-1..1,y=-2..2],nstep=900)
plotfunc((x+i*y)"~ 2 [x=-1..1,y=-2..2],nstep=900,affichage=rempli)

Figure 2.3: Help index in XCAS

— The abc | key toggles the keyboard between the scientific keyboard and an alphabetic
keyboard.

e The button X closes the current session.

2.3 Getting help

XCAS is an extensive program, but using it is simplified with several different ways of getting help.
The help menu (see section 2.4.4) has several submenus for various forms of help, some of which are
mentioned below.

2.3.1 Tooltips

If you hover the mouse cursor over certain parts of the XCcAS 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 in the XcAs command line, a similar temporary window will appear
with information about the function.

2.3.2 HTML help

If you press the F12 key, you will get a window which you can use to search the html version of the
manual. You can also open this window with the menu entry Help » Find word in HTML help.

The HTML help window has a search area; if you type a string in that area you will be given a list
of help topics that contain that string. If you choose a topic and click View, your web browser will
show the appropriate page of the manual.

2.3.3 Help index

If you click on the | ? button on the status line you will get the help index. You can also get the help
index with the menu item Help » Index.

The help index, shown in Figure 2.3, is a list of the giac function and variable names. You can scroll
through the help index items and click on the word that you want. There is also a line in the help
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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 the words that begin with that text. The | ? button next to this search line will open
the HTML help window.

If you select a function or variable name, a list of related words (names of functions or variables) and
a list of synonymous words will appear in regions to the right. Below the search line, there will be
an area which will have a brief description of the chosen term as well as how to call it. If the term
is a command name, the calling sequence will be given as the command name with the arguments
within parentheses separated by commas. Any optional arguments will be shown within brackets. In
the window shown in Figure 2.3, the first argument to plotfunc is an expression, representing the
function to be graphed. There is an optional second argument, which is either a variable name (which
defaults to x) or a vector of variable names for multivariable functions. Finally, there is an optional
third argument which can be used to specify a color for the graph.

Below the brief description will be some entry fields that use to enter the arguments. If you fill them
out and press the enter key, the command with the arguments filled out will be put on the command
line.

Below the entry fields for the arguments will be a list of examples of the command being used. If
you click on one of these examples, it will be put on the command line.

A more thorough description of the function and its arguments is available with the | Details button at
the top of the help index, which will open the relevant part of the manual in your browser. Alternatively,
if you click on the | ? | button next to the search line, you will be taken to the HTML help window.

You can also open the help index in the following ways:

e You can press the tab key while typing in the XCcAs command box. If you have entered part of a
command name, you will be at the part of the index with words that begin with the text that
you entered.

* You can select a command from one of the menus. If Auto index help is chosen (see Section 2.5.9,
p. 18), then the help index will open with the command chosen.

2.3.4 Getting help in a commandline

You can get help from XCAS by using the findhelp 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 appear in the answer portion and the appropriate page of the manual will
appear in your web browser.

2.4 Menus

The menus provide different ways to work with XCAS and its sessions, as well as ways of inserting
functions and constants into the current session. Selecting a menu item corresponding to a function or
constant brings up the help index (see section 2.3.3) with the chosen function or constant selected.

2.4.1 File menu

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

New Session — This creates and opens a new session. The new session will be in a new tab, which will
be labeled Unnamed until you save it (using the menu item File » Save or the keystroke Alt+S).

Open — This allows you to open a previously saved session. There will be a submenu with a list of
saved session files in the primary directory (see Section 4.2.1, p. 48) that you can open, as well as
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a File item which will open a directory browser use to find a session file. This directory browser
can also be opened with Alt+0O.

Import — This allows you to open a session that was created with the MAPLE CAS, a TI89 calculator
or a VOYAGE 200 calculator. You can execute this session 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 creates a copy of the current session in a Firefox interface; either using the server
at http://www-fourier.ujf-grenoble.fr/~parisse/xcasen.html (Online) or a local copy
(Offline).

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

Save (Alt+S) — This saves the current session.
Save as — This saves the current session under a name that you choose.
Save all — This saves all currently opened sessions.

Export as — This allows you to save the current session in different formats; either in xCAS(which is
giac ported to run on various calculators) format, standard XcAs format, XCAs with PYTHON
syntax format, MAPLE format, MUPAD format or TI89 format.

Kill — This kills the current session.

Print — This allows you to create an image of the session in various ways.

The Preview menu item saves an image of the current session in a file that you name. The To
printer item sends an image of the current session to the printer. The Preview selected levels
item saves the images of the commands and outputs of the selected levels, each in a separate file.

LaTeX — This has submenu items that render the session in IATEX and give you the result in various
ways. The LaTeX preview menu item displays a compiled IXTEX version of the current session.
The LaTeX print item saves a copy of the session in ITEX form, along with the compiled version
in various formats. The LaTeX print selection does the same as LaTeX print, but only for the
selected levels.

Screen capture — This creates a screenshot that can be saved in various formats.
Quit and update Xcas — This quits XCAs after checking for a newer version.

Quit (Ctrl+Q) — This quits Xcas.

2.4.2 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 recalculates each level in the session.

Execute worksheet with pauses — This recalculates each level in the session, pausing between calcu-
lations.

Execute below — This recalculates the current level and each level below it.

Remove answers below — This removes the answers to the current level and the levels below it.
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Undo — This undoes the latest edit done to the levels, including a deletion of a level. It can be
repeated to undo more than one edit.

Redo — This redoes the undone editing.
Paste — This pastes the contents of the system clipboard to the cursor position.
Del selected levels — This deletes any entry levels that you have selected.

selection — LaTeX (Ctrl4+T) — This puts a IXTEX version of the selection (level, part of a level, or
answer selected by clicking and dragging the mouse) on the system clipboard.

New entry (Alt+N) — This inserts a new entry level above the current one.

New parameter (Ctrl4+P) — This brings up a window in which you can enter a name and conditions
for a new parameter.

Insert newline — This inserts a newline below the cursor. Note that simply typing return will evaluate
the current entry rather than inserting a newline.

Merge selected levels — This merges the selected levels into a single level.

2.4.3 Cfg menu

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

CAS configuration — This opens a window that allows you to configure how XCAS performs calcula-
tions (see Section 2.5.7, p. 15). This is the same window you get when you click on the status
line.

Graph configuration — This opens a window that allows you to configure the default settings for a
graph (see Section 2.5.8, p. 17). This includes such things as the initial ranges of the variables.

Each graph also has a | cfg button to configure the settings on a per graph basis.

General configuration — This opens a window that allows you to configure various non-computational
aspects of XCAS, such as the fonts, the default paper size, and the like (see Section 2.5.9, p. 18).

Mode (syntax) — This changes the default syntax (see Section 2.5.2, p. 14). By default, XCAS uses
its own syntax, but you can change it to PYTHON syntax, MAPLE syntax, MUPAD syntax or
TI89 syntax.

Show — This displays parts of XCAS.

DispG — This shows the graphics display screen; which has all graphical commands from the
session together on one screen.

keyboard — This shows the on-screen keyboard; the same as clicking on the ' Kbd button on
the status line (see Section 2.2, p. 5, item 2.2).

bandeau — This shows the menu buttons at the bottom of the window; the same as clicking on
cmds  on the on-screen keyboard (see Section 2.2, p. 5, item 2.2).

msg — This shows the messages window; the same as clicking on msg on the on-screen keyboard
(see Section 2.2, p. 5, item 2.2).

Hide — This hides the same items that you can show with Show.

Index language — This allows you to choose a language in which to display the help index.

10
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Colors — This allows you to choose colors for various parts of the display.
Session font — This allows you to choose a font for the sessions.
All fonts — This allows you to choose fonts for the session, the main menu and the keyboard.

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

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

2.4.4 Help menu

The Help menu contains commands that let you get information about XCAs from various sources.
This menu contains the following entries:

Index — This brings up the help index (see Section 2.3.3, p. 7).

Find word in HTML help (F12) — This brings up a page which helps you search for keywords in the
html documentation that came with XCAs (see Section 2.3.2, p. 7). The help will be displayed in
your browser.

Interface — This brings up a tutorial for the XCAs interface. The tutorial will be displayed in your
browser.

Reference card, fiches — This brings up a pdf reference card for Xcas. The card will be displayed in
your browser.

Manuals — This allows you to choose from a variety of manuals for Xcas, which will appear in your
browser.
CAS reference — This brings up the manual for XCAs.
Algorithmes (HTML) — This brings up a manual for the algorithms used by XcCAs.

Algorithmes (PDF) — This brings up a pdf version of the manual for the algorithms used by
XcAs.

Geometry — This brings up a manual for 2D geometry in XCAS.

Programmation — This brings up a manual for programming in XCAS.

Simulation — This brings up a manual for statistics and using the XCAS spreadsheet.
Turtle — This brings up a manual for using the Turtle drawing screen in XCAS.
Exercices — This brings up a page of exercises that you can do with Xcas.

Amusement — This brings up a page of mathematical amusements that you can work through
with XcAs.

PARI-GP — This brings up documentation for the GP/PARI functions.
Internet — The Internet menu contains menu items that take you to various web pages related to
XcAs. Among them are the following entries:
Forum — This takes you to the XCcAS forum.
Update help — This installs updated help files (retrieved from the XCAS website).
There are also several menu items that take you to XCAS related pages written in French; namely:

Aide-memoire lycee — This takes you to a paper discussing XCAS and high school.

11
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Documents pedagogiques lycee — This takes you to a page on the XCAS website with a list of
useful links.

Documents algorithmique — This takes you to a page on the XCAS website with a list of links.

Site Lycee de G. Connan — This takes you to a page about a free book written by Guillaume
Connan teaching algorithms to high school students.

Site Lycee de L. Briel — This takes you to a website about XcAs for high school students.

Calcul formel au lycee, par D. Chevallair — This takes you to a pdf file discussing the use of
XcAs in high school.

Site de F. Han — This takes you to a website by Frederic Han about XcAs and a QT frontent
for giac.

Ressources Capes — This takes you to a website with various external sources.
Ressources Agregation externe — This takes you to a collection of external resources.

Ressources Agregation interne — This takes you to a page on 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 rebuilds the help index.

About — This displays a message window with information about XCAS.

Examples — This allows you to choose from a variety of example worksheets, which will then be copied
to your current directory and opened.

2.4.5 Toolbox menu

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

New entry (Alt+N) — This inserts a new level.
New comment (Alt+C) — This inserts a new comment level.

The other entries let you insert mathematical operations into the current level. If Auto index help is
chosen (see Section 2.5.9, p. 18), then the help index will open help index (see Section 2.3.3, p. 7) with
the chosen command selected.

2.4.6 Expression menu

The Expression menu contains commands that are used to transform expressions. The first entry is
Expression » New expression (which is equivalent to Alt+E), which inserts a new level and brings up
the on-screen keyboard (see Section 2.2, p. 5, item 2.2). The rest of the entries can be used to insert
various transformations.

2.4.7 Cmds menu

The Cmds menu contains various giac functions and constants separated into categories. If Auto index
help is chosen (see Section 2.5.9, p. 18), then when you select a function or constant, the help index
(see Section 2.3.3, p. 7) opens with the function or constant selected, which can be used to insert the
entry on the command line. Otherwise, the constant or function will be inserted on the command line.

12
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2.4.8 Prg menu

The Prg menu contains commands that are used to write giac programs. The first entry, Prg»
New program (equivalent to Alt+P), inserts a program level and brings up the program editor (see
Section 25.1.1, p. 646).The other entries are useful commands for writing giac programs.

2.4.9 Graphic menu

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

2.4.10 Geo menu

The Geo menu contains commands that are used to work with two- and 3D geometric figures. The first
two entries, Geo » New figure 2d (equivalent to Alt+G) and Geo » New figure 3d (equivalent to Alt+H)
create levels for two- and 3D figures, respectively. (See Section 19.1.1, p. 454.) The other menu items
are for working with the figures.

2.4.11 Spreadsheet menu

The Spreadsheet menu contains commands that are used to work with spreadsheets. (See See Section 2.10,
p. 31.) The first menu item, Spreadsheet » New spreadsheet (equivalent to Alt+T), brings up a window
where you can set the size and other attributes of a spreadsheet, after which 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.

2.4.12 Phys menu

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

2.4.13 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.

2.4.14 Turtle menu

The Turtle menu contains the commands that are used to create and control a Turtle screen. The
first menu item, Turtle » New turtle, creates a Turtle drawing screen. The other menu items contain
commands for working with the screen.

2.5 Configuring Xcas

2.5.1 Number of significant digits

By default, XCcAs 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.

13
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You can set the number of significant digits for XCAS by using the CAS configuration screen (see
Section 2.5.7, p. 15). The number of significant digits is stored in the variable DIGITS or Digits, so
you can also set it by giving the variable DIGITS a new value, as in DIGITS:=20. The value will be
stored in the configuration file (see Section 2.5.10, p. 18), and so can also be set there.

2.5.2 Language mode

XcAs has its own language which it uses by default, but you can also use either PYTHON (with the
option having the ~ character represent either exponentiation or the exclusive or operator) or the
language used by MAPLE, MUPAD, or the TI89 calculator.

You can set which language XCAS uses in the CAS configuration screen (see Section 2.5.7, p. 15).
You can also set the language with the xcas_mode command.

e The xcas_mode command takes an integer: 0, 1, 2, 3, 256 or 512.
— xcas_mode (0) to use the XCAS language.
— xcas_mode (1) to use the MAPLE language.
— xcas_mode(2) to use the MUPAD language.
— xcas_mode (3) to use the TI89 language.
— xcas_mode(256) to use the PYTHON language with ~ representing exponentiation.
— xcas_mode(512) to use the PYTHON language with ~ representing exclusive or.

The language you choose will be stored in the configuration file (see Section 2.5.10, p. 18), and so can
also be set there.

2.5.3 Units for angles

By default, XCAs assumes that any angles you use (for example, as the argument to a trigonometric
function) are 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 Section 2.5.7, p. 15).
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 Section 2.5.10, p. 18), and so can also be set there.

2.5.4 Exact or approximate values

Some numbers, such as 7 and /2, cannot be written down exactly as decimal numbers. When computing
with such numbers, by default XCAS leaves them in exact, symbolic form. If you want, you can have
XcCAS automatically give you decimal approximations for these numbers.

You can set whether or not XCAS gives you exact or approximate values by using the CAS configuration
screen (see Section 2.5.7, p. 15). Your choice will be stored in the variable approx_mode, where a value
of 0 means that XcAs will give you exact answers when possible and a value of 1 means that XCAS
will give you decimal approximations. Your choice will be stored in the configuration file (see section
2.5.10), and so can also be set there.

2.5.5 Complex numbers

When factoring polynomials (see Section 9.1.10, p. 172), by default XcAS won’t introduce complex
numbers if they aren’t already being used. For example,
> factor(x~2+2)

simply returns

14
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:L‘2+2

but if an expression already involves complex numbers then XCAS uses them:

> factor (i*x~2+2%i)
(x — 1\@) (i:z: — \@)

XcAS can also find complex roots when complex numbers are not present; for example, the command
cfactor (see Section 9.1.10, p. 172) or cFactor command factors over the complex numbers. For
example:

> cfactor(x~2+2)
(:E + 1\5) (ac — 1\/5)

If you want XCAS to use complex numbers by default, you can turn on complex mode. In complex
mode, the command line

> factor(x~2+2)

returns
(2 +iv2) (2 —iv2)

You can turn on complex mode from the CAS configuration screen (see Section 2.5.7, p. 15). This
mode is determined by the value of the variable complex_mode; if this is 1 then complex mode is on, if
this is 0 then complex mode is off. This option will be stored in the configuration file (see Section 2.5.10,
p. 18), and so can also be set there.

2.5.6 Complex variables

By default, new variables are 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 (see Section 7.4.2, p. 141), 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 complex variable mode. You
can set this from the CAS configuration screen (see Section 2.5.7, p. 15). 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 variables are complex. Your choice will be
stored in the configuration file (see Section 2.5.10, p. 18), and so can also be set there.

2.5.7 Configuring the computations

You can configure how XCAS computes by using the menu item Cfg» CAS configuration or by clicking
on the status line. This will open a window with the following options:

Prog style (default: XcAs) — This has a menu from which you can choose a different language to
program in; you can choose from XCAS, Python “==x* (PYTHON syntax, except that ~ will be
the exponentiation operator as in XCAS rather than the exclusive or operator as in PYTHON),
Python “==xor (PYTHON syntax, where ~ is the exclusive or operator), MAPLE, MUPAD and
T189/92.
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eval (default: 25) — Here you can input a positive integer specifying the maximum number of recursions
allowed when evaluating expressions.

prog (default: 1) — Here you can input a positive integer specifying the maximum number of recursions
allowed when executing programs.

recurs (default: 100) — Here you can input a positive integer specifying the maximum number of
recursive calls.

debug (default: 0) — Here you can input a 0 or 1. If this is 1, then XcaAs will display intermediate
information on the algorithms used by XcaAs. If this is 0, then no such information is displayed.

maxiter (default: 20) — Here you can input an integer specifying the maximum number of iterations
to be used in Newton’s method.

Float format (default: standard) — This has 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 completely without using exponen-
tials; 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 after e indicates the power of 10).

engineer In engineering 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.

Digits (default: 12) — Here you can input a positive integer which will indicate the number of
significant digits that XcAs will use.

epsilon (default: 107!?) — Here you can input a floating point number which will be the value of
epsilon used by epsilon2zero, which is a function that replaces numbers with absolute value
less than epsilon by 0 (see Section 9.4.1, p. 186).

proba (default: 107!%) — Here you can input a floating point number. If this number is greater than
zero, then in some cases XCAS 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 XCAs can
use is the algorithm to compute the determinant of a large matrix with integer coefficients.)

approx (default: unchecked) — If checked, then exact numbers such as V2 will be given a floating
point approximation, otherwise exact values will be used when possible. (See Section 2.5.4, p. 14.)

autosimplify (default: 1) — Here you can input 0, 1 or 2. A value of 0 means no automatic simplification
will be done, a value of 1 means grouped simplification will be automatic. A value of 2 means
that all simplification will be automatic.

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

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

radian (default: checked) — If checked, then angles will be measured in radians, otherwise they will be
measured in degrees.
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Complex (default: unchecked) — If checked, then XcAs will work in complex mode, meaning, for
example, that polynomials will be factored with complex numbers if necessary.

Cmplx_var (default: unchecked) — If checked, then variables will by default be assumed to be complex.
For example, the expression re(z) won’t be simplified, it will return re(z). If unchecked, then
variables by default will be assumed to be real, and so re(z) will be simplified to z.

increasing power (default: unchecked) — If checked, then polynomials will be written out in increasing
powers of the variable, otherwise they will be written in decreasing powers.

All_trig_sol (default: unchecked) — If checked, then Xcas will give the complete solutions of
trigonometric equations. For example, the solution of cosx = 0 will be given as [(2n_ 0m + 7)/2],
where ng can be any integer. If unchecked, then only the primary solutions of trigonometric
equations will be given. For example, the solutions of cos(z) = 0 will be the pair [-7/2,7/2].

Sqrt (default: checked) — If 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)

(2= v3) (¢4 V3)

If unchecked, then the same command line returns z? — 3.

This page also has buttons for applying the settings, saving the settings for future sessions, canceling
any new settings, and restoring the default settings.

2.5.8 Configuring the graphics

You can configure each graphics screen by clicking on the cfg button on the graphics screen’s control
panel to the right of the graph. You can also change the default graphical configuration using the the
menu item Cfgw» Graph configuration. You will then be given a window in which you can change the
following options:

e X- and X+: these determine the x values for which calculations will be done.
e Y- and Y+: these determine the y values for which calculations will be done.
e Z- and Z+: these determine the z values for which calculations will be done.

o t- and t+: these determine the t values for which calculations will be done (when plotting
parametric curves, for example).

e WX- and WX+: these determine the range of x values for the viewing window.
e WY- and WY+: these determine the range of y values for the viewing window.
e TX and TY: these determine the tick ranges on the z- and y-axes.

e class_min: this determines the minimum size of a statistics class.

e class_size: this determines the default size of a statistics class.

e autoscale: when checked, the graphic will be autoscaled.

e ortho: when checked, all axes of the graphic will be scaled equally.
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e >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.

Note that the viewing window is not the same as the calculation window; if the calculation window is
larger than the visible window, then you can scroll to bring other parts of the calculation into view.

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

2.5.9 More configuration

You can configure other aspects of XCAS (besides the computational 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 Cfg » Session font.
Level — This determines what type of level should be open when you start a new session.

browser — This determines what browser XCAS will use when it requires one, for example when
displaying help. If this is empty, XCcAs will use its built-in browser.

Auto HTML help — If 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 enter 7 function from a command box.

Auto index help — If checked, then whenever you choose a command from a menu, the help index
page for that function will appear. This is the same page you get when you choose the command
from the help index. (See Section 2.3.3, p. 7.)

Print format — This determines the paper size for printing and saving files. There is also a button
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 checked, Xcas will stop displaying tool tips (see Section 2.3.1, p. 7).

rows, columns — These determine the default number of rows and columns for the matrix editor and
spreadsheet (see Section 2.10, p. 31).

PS view — This determines what program is used to preview Postscript files.
Step by step — If checked, then XcAs will not save context information.

Proxy — This sets a proxy server for updates.

2.5.10 Configuration file

When you save changes to your configuration, they are 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, xcas_mode and xyztrange — which determine the configuration and which
are evaluated when XCAS starts.

The widget_size command sets properties of the opening XCAs window.

o widget_size takes between 1 and 12 arguments. The arguments (in order) are:

Font size. The first argument is a positive integer specifying the font size. Optionally, this can
be a bracketed list whose first number indicates the font and the second the font size.
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Horizontal and vertical offset. The second and third arguments are horizontal and vertical
distances in pixels from the upper left hand corner of the screen. They specify where the
upper left corner of the XcAs window is when it opens.

Window size. The fourth and fifth arguments specify the width and height in pixels of the XCAS
window when it opens.

Keyboard (see Section 2.2, p. 5, item 2.2). The sixth argument is either 0 or 1; a 1 indicates
that the on-screen keyboard will be open when XCAS starts, a 0 indicates that the keyboard
will be hidden.

Open browser. The seventh argument is either 0 or 1; a 1 indicates that the browser will be
automatically opened to display help for the selected command in the menu or index, a 0
indicates that the browser will not be automatically opened.

Message window (see Section 2.2, p. 5, item 2.2). The eighth argument is either 0 or 1; a 1
indicates that XcAS will open with the message window, a 0 indicates that XcAs will open
without the message window.

<empty>. The ninth argument is currently not used.

Browser name. The tenth argument is a string with the name of the browser to use to read
the help pages. A value of "builtin" means that XCAS will use a small browser built into
XcaAs.

Starting level (see Section 2.1, p. 4). The eleventh argument indicates what level XCcAs will start
at; a 0 means command line, a 1 means program editor, a 2 means spreadsheet, and a 3
means a 2D geometry screen.

Postscript previewer. The twelfth argument is a string with the name of a program for postscript
previews; for example, "gv".

The cas_setup command determines how computations will be performed.

o cas_setup takes nine arguments. The arguments (in order) are:

Approximate mode (see Section 2.5.4, p. 14). A 1 means XCAS works in approximate mode, a 0
means exact mode.

Complex variables (see Section 2.5.5, p. 14). A 1 means XCAS works with complex variables, a
0 means real variables.

Complex mode (see Section 2.5.5, p. 14). A 1 means XCAS works with in complex mode, a 0
means real mode.

Radian (see Section 2.5.3, p. 14). A 1 means work in radians, a 0 means work in degrees.

Display format (see Section 2.5.7, p. 15, item 2.5.7). A 0 means use the standard format to
display numbers, a 1 means use scientific format, a 2 means use engineering format, and a 3
means use floating hexadecimal format (which is standardized with a non-zero first digit).

Epsilon (see Section 2.5.7, p. 15, item 2.5.7). This is the value of epsilon used by XcaAs.
Digits. This is the number of digits to use to display a float.

Tasks. This will be used in the future for parallelism.

Increasing power. This is 0 to display polynomials in increasing power, and 1 to display polyno-

mials in decreasing powers.

The xcas_mode command sets the computer language used by XCAs (see Section 2.5.2, p. 14).
The xyztrange command sets or returns the values of the graphics configuration.

o To set the values, xyztrange takes 15 arguments:
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— z—and x+, the beginning and the end of the z interval for which calculations will be done.
— y—and y+, the beginning and the end of the y interval for which calculations will be done.
— z—and z+, the beginning and the end of the z interval for which calculations will be done.

— t—and t+, the beginning and the end of the ¢ interval for which calculations will be done,
when plotting parametric curves, for example.

— wz— and wz+, the beginning and the end of the x values for the viewing window.
— wy— and wy+, the beginning and the end of the y values for the viewing window.
— show__axes, to determine whether axes are shown or hidden (1 to show, 0 to hide).
— class_min, the minimum size of a statistics class.

— class__size, the default size of a statistics class.

o xyztrange(z—, o+, y—, y+, 2—, 2+, t—, L+, wr—, wr+, wy—, wy+, show__axes, class_min, class__size) sets
the parameters to the given values.

Note that the viewing window is not the same as the calculation window; if the calculation window
is larger than the visible window, then you can scroll to bring other parts of the calculation
window into view.

e To return the values, xyztrange takes no arguments.

o xyztrange() returns a matrix where each row consists of a short description of the first twelve
arguments along with their values.

2.6 Printing and saving

2.6.1 Saving a session

FEach tab above the status line represents a session, the tab for the active session 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 File » Save as.

If you have a session saved in a file and you want to load it in a tab, use the menu item File » Open.
From there you can choose a specific file from a list or open a directory browser that use to choose a
file. The directory browser can also be opened with Alt4O.

2.6.2 Saving a spreadsheet

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

When a spreadsheet is inserted it will have menus next to the level number. The Table menu has items
that let you save the spreadsheet in different formats, as well as insert previously saved spreadsheets.

You can save a spreadsheet with the Table » Save sheet as text menu item. If you select that, you
will be prompted for a file name; you should choose a file name that ends in .tab. Once you save a
spreadsheet, there will be a button to the right of the menus which use to save any changes you make.
If you want to save the spreadsheet under a different name, use the Table » Save as alternate filename
menu entry.
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You can save a spreadsheet in other formats. The Table » Save as CSV menu item will save a
spreadsheet in a comma-separated values file, and the Table » Save as mathml menu item will save the
spreadsheet in as a MATHML file.

use the Table menu to insert previously saved spreadsheets; the menu item Table » Insert will bring
up a directory browser that use to select a file to enter.

2.6.3 Saving a program

You can open up a program editor (see Section 25.1.1, p. 646) with the menu item Prg» New program
or with Alt+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.

At the top of the program editor are 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, use
the Prog » Save as item from the program editor menu.

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

2.6.4 Printing a session

You can print a session with the File » Print » To printer menu item.

If you prefer to save the printed form as a file, use the File » Print » 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, use the File » Print » Preview
selected levels menu item; this file will be encapsulated PostScript, so the name should end in .eps.

2.7 Translating to other computer languages

XCAS can export a session, or parts of a session, to typesetting languages such as INTEX and MATHML.

2.7.1 Translating an expression to BTEX

The latex command translates expressions to KTEX.
o latex takes expr, an expression.

e latex(expr) returns the result of evaluating erpr written in the IITEX typesetting language.
Note that the returned value is a string which typesets properly when inserted in a (displayed)
math environment.

e When copying the latex command output manually from a giac interface to a KITEX document,
be sure to remove the double quotes.

Example
> latex(1+1/2)

\frac{3}{2}

2.7.2 Translating the entire session to ETEX

To export entire session to a IWTEX file, use the menu item File » LaTeX » LaTeX preview.
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2.7.3 Translating graphical output to BETEX

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 will be a Print menu; the Print » LaTeX print will give you several files DispG. tex,
DispG.dvi, DispG.ps and DispG.png with the graphics in different formats. To save it without using
the DispG() command use the graph2tex command.

The graph2tex command saves all current graphic output to a ITEX file.

e graph2tex takes filename.tex, the name of a file.

e graph2tex("filename.tex") saves all graphic output in KTEX form to the file filename.tex.

Example

The command line
> graph2tex("myfile.tex")

creates a ATEX file myfile.tex with the graphs. To save a 3D graph, use the command graph3d2tex.
To save a single graph as a INTEX file, use the M menu to the right of the graph. Selecting M » Export
Print » Print (with LaTeX) will save the current graph. You can also save a single graph by selecting
that level, then use the menu item File » LaTeX » LaTeX print selection. This method will save the
graph in several formats; sessionname.tex, sessionname.dvi, sessionname.ps and sessionname.png.
If the session has not been saved and named, the files will begin with sessionn for some integer n.

2.7.4 Translating an expression to MathML

The mathml command translates expressions to MATHML.
e mathml takes expr, an expression.

e mathml (expr) returns the result of evaluating expr written in MATHML.

Remark. mathml is a legacy export command; a more complete translation to MATHML is provided
by the export_mathml command (see Section 2.7.7, p. 23). The latter is useful if you need quality
rendering of giac/XCAS output for your web pages.

Example
> mathml (1/4+1/4)

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

<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.1 plus MathML 2.0//EN"
"http://www.w3.org/TR/MathML2/dtd/xhtml-math11-f.dtd" [

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

1>

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

<body>

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

</math><br/>
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</body> </html>
This is the number 1/2 in MATHML form, along with enough information to make it a complete HTML
document.
2.7.5 Translating a spreadsheet to MathML
You can translate an entire spreadsheet to MATHML with the spreadsheet menu command Table » Save
as MathML.
2.7.6 Indent an XML string

The xml_print command formats an XML string.
e xml_print takes str, a string, assumed to contain XML.

e xml_print (str) returns a string with the XML code indented for better readability. The default
indentation is two spaces.

Example

> xml_print("<?xml version='1.0'?><r><c1>bla</c1><c2></c2><c3/></r>")

<?xml version='1.0'?>
<r>
<c1>bla</c1>
<c2></c2>
<c3/>
</r>

2.7.7 Export to presentation or content MathML

You can translate the result of an expression into various types of MATHML with the export_mathml
command.
e export_mathml takes one mandatory argument and one optional argument:
— expr, an expression.
— Optionally, format, which can be content or display, specifying the output format.
o export_mathml Cezpr(, format)) returns the result of evaluating ezpr written in MATHML, with
a single math block which will be a semantics block. Choices for the second argument are:
— None: the semantics block will contain both presentation and content MATHML.
— content: the semantics block will contain only the content MATHML.

— display: the semantics block will contain only the presentation MATHML.

Examples

> xml_print (export_mathml (a+2*Db))
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<math mode='display' xmlns='http://www.w3.org/1998/Math/MathML'>
<semantics>
<mrow xref='idb'>
<mi xref='idl'>a</mi>
<mo>+</mo>
<mrow xref='id4'>
<mn xref='id2'>2</mn>
<mo>&it;</mo>
<mi xref='id3'>b</mi>
</mrow>
</mrow>
<annotation-xml encoding='MathML-Content'>
<apply id='id&'>
<plus/>
<ci id='id1l'>a</ci>
<apply id='id4'>
<times/>
<cn id='id2' type='integer'>2</cn>
<ci id='id3'>b</ci>
</apply>
</apply>
</annotation-xml>
<annotation encoding='giac'>a+2*b</annotation>
</semantics>
</math>

> xml_print(export_mathml (a+2*b,content))

<math mode='display' zmlns='http://www.w3.org/1998/Math/MathML"'>
<apply id='id5'>
<plus/>
<ci id='id1l'>a</ci>
<apply id='id4'>
<times/>
<cn id='id2' type='integer'>2</cn>
<ci id='id3'>b</ci>
</apply>
</apply>
</math>

> xml_print (export_mathml (a+2*b,display))

<math mode='display' xmlns='http://www.w3.org/1998/Math/MathML'>
<mrow>
<mi>a</mi>
<mo>+</mo>
<mrow>
<mn>2</mn>
<mo>&it ;</mo>
<mi>b</mi>
</mrow>
</mrow>
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</math>

> s:=export_mathml(1/(x"2+1),display):;
xml_print(s)

<math mode='display' xmlns='http://www.w3.org/1998/Math/MathML'>
<mfrac>
<mn>1</mn>
<mrow>
<msup>
<mi>x</mi>
<mn>2</mn>
</msup>
<mo>+</mo>
<mn>1</mn>
</mrow>
</mfrac>
</math>

2.7.8 Configuring markup export

Export to KTEX, MATHML and TEXyacs Scheme has some configuration options that can be set by
using the markup_cfg command. This applies to latex and export_mathml commands as well as to
TEX)Macs sessions (note that mathml command does not support this configuration).

o markup_cfg takes a sequence of one or more arguments, each of which being one of:

— simplify=_[simp], where simp is a sequence containing one or more of the following: product,
apply, or pow. If simp has only one element, square brackets may be omitted.

— mathml=[comp], where comp is a sequence of one or more of the following: display or
content. If comp has only one element, square brackets may be omitted.

o markup_cfg returns 1 if the configuration is successful, else it returns 0.

o The simplify argument refers to enabling/disabling automatic simplification of mathematical
notation. Precisely:

— Multiplication is made implicit where possible, hence the export commands favor e.g. 2z
instead of 2 - x. If simp contains product, then implicit multiplication is allowed, else it is
not allowed (in that case the - symbol is always inserted).

— Parentheses are omitted from function application when possible, i.e. when the argument
is sufficiently simple. Therefore the export commands favor e.g. sin x instead of sin(z). If
simp contains apply, then parentheses may be omitted when appropriate, otherwise they
are always present.

— Elementary function powers are simplified according to the traditional way of writing where
the exponent moves between the function name and its argument; export commands therefore
favor e.g. sin x instead of sin(z)2. If simp contains pow, then exponents may be moved, else
this feature is disabled (by default it is eanbled).

e The mathml argument specifies which MATHML components should be included in the output by
default. If the sequence comp contains display, the presentation markup block will be present,
and if comp contains content, then the content block will be present in the output. If one of
these is not specified, the corresponding block will not appear in the MATHML output. Note
that you have to specify at least one component (by default, both are enabled).
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Examples

With default configuration:
> latex(x*sin(x)~2)
x \sin “{2}x

which is z sin? z when typeset.
To enable only implicit multiplication, enter:

> markup_cfg(simplify=product)

Then:
> latex(x*sin(x)~2)
x \sin \left(x\right) {2}

which is 2 sin(z)? when typeset.
The command

> markup_cfg(simplify=[product,apply] ,mathml=display)

enables only implicit multiplication and function application; additionally, it prevents content MATHML
from appearing in the output of export_mathml.
2.7.9 Translating a Maple file to Xcas

The maple2xcas command translates a file of MAPLE commands to the XCAs language.

o maple2xcas takes two arguments:
— maplefile, the name of the MAPLE input file.

— xcasfile, the file where you want to save the XCAS commands.

e maple2xcas("maplefile","xzcasfile") results in an XCAS file named zcasfile with the MAPLE
commands from maplefile translated to the XCAS language.

2.8 Entry in Xcas

If you enter a command into XCcAsS and press Enter, the result will appear in the output box below
the input, colored in blue. Any messages generated during the computation will be shown in the box
between the input and output, colored in green (the box is otherwise hidden). For example:

> integrate(a/(x+a)~2,x=0..inf)
No checks were made for singular points of antiderivative -1/(x+a) for definite integration in [0,+infinity]

1

Note that line breaks in a command entry can be entered by pressing Shift+Enter.

2.8.1 Suppressing output

The nodisp command is used to evaluate an expression and suppress the output.

e nodisp takes expr, an expression.

e nodisp(expr) evaluates expr but displays Done in place of the result.

An alternate way of suppressing the output is to end the input with the :; symbol.
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Example

> nodisp(a:=2+2)

Done
and a will be set to 4.
> b:=343:;

Done

and b will be set to 6.

2.8.2 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 Alt+C. The line will appear in green text and conclude when you type Enter.
(To force a new line, press Shift+Enter.) Comments are not evaluated and so have no output. If you
have started entering a command when you begin a comment, the command line with the start of the
command will be pushed down so that you can finish it when you complete the comment.

You can open the browser using a comment line by entering the web address beginning with the @
sign. For example, if you enter the comment line

The Xcas homepage is at
Owww-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, use the comment command.

e comment takes str, a string.
e comment (str) makes str a comment.

Alternatively, any part of a program between // and the end of the line is a comment. So both

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

3

and

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

}

are programs with the comment “Hello”.

2.8.3 Previous outputs

The ans command returns the outputs of the previous commands.

o ans takes one optional argument:

Optionally, n, an integer (the 0-based index of the command, by default n = —1).

o ans((n)) returns the corresponding result; in particular, ans(-1) returns the previous result.
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Example

If the first command that you enter is:
> 245

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

Note that the argument to ans does not 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 () will also return the latest output.

Similarly, the quest command returns 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, Ctrl+Up will go backwards in the list of previous commands and display them on the
current line, and Ctrl+-Down will go forwards.

2.9 Editing expressions

You can enter expressions on the command line, but XCAS also has a built-in expression editor that
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.

2.9.1 Entering expressions in the editor: an example

The expression
z+2

2 -4

can be entered on the command line as:

> (x+2)/(x72-4)

You also can use the expression editor to enter it visually, as « + 2 on top of 2> — 4. To do this, you
can start the expression editor with the Alt+E keystroke (or the Expression » New Expression menu
command). There will be a small button M  on the right side of the expression line, which is a menu
with some commands use on the expressions. There will also be a 0 selected on the expression line
and an on-screen keyboard at the bottom (see Section 2.2, p. 5, item 2.2). 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 of a horizontal fraction bar 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 x2 and typing - 4 will finish the bottom. If you then hit Enter, the expression will be evaluated
and will appear on the output line.

2.9.2 Subexpressions

XCAS can operate on expressions in the expression editor or subexpressions of the expression. To
understand subexpressions and how to select its parts, 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 node. Each node (except one) will be connected to exactly one node above it, called
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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 does not 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, operators, 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(2z + y) will

look like

A subexpression of an expression will be a selected node together with the nodes below it. For example,
both 2z and 2x + y are subexpressions of sin(2z + 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:

e The up arrow will go to the parent node.
e The down arrow will go to the leftmost child node.
e 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.

o 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.

Use the arrow keys to navigate the tree structure of an expression, which is not always evident
by looking at the expression itself. For example, suppose you enter x*y*z in the editor. The two
multiplications will be a different levels; the tree will look like
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Key Action on selection | Key Action on selection

Ctrl+D differentiate Ctrl+P  partial fraction

Ctrl+F  factor Ctrl+R  integrate

Ctrl+L  limit Ctrl+S  simplify

Ctrl+N  normalize Ctrl+T  copy IXTEX version to clipboard

Table 2.1: Keystroke operations on subexpressions

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

2.9.3 Manipulating subexpressions

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

For example, enter the expression (x+1)*(x+2)*(x-1) in the expression editor. Note that 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:

o Select the Expression » Misc » normal menu item. You will then have normal ( (x+1) * (x+2) ) * (x-1)
in the editor. If you hit enter, the result (z2 + 3z + 2)(z — 1) will appear in the output window.

e Select the Expression » Misc » normal menu item, so again you have normal ((x+1) * (x+2) ) * (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 + 32 + 2)(x — 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 (z? + 3z + 2)(x — 1) in the editor.

There are also keystroke commands that use to operate on subexpressions that you have selected.
There are the usual Ctrl+Z and Ctrl4+Y for undoing and redoing. Some of the others are given in
Table 2.1, p. 30.

30



2 XcAS interface

Table Edit Maths | eval | val | init | 2-d | 3d |
c3

Sheet config: * Spreadsheet <> R40C10 auto down fill o
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Figure 2.4: A spreadsheet in XCAS

2.10 Spreadsheets

2.10.1 Opening a spreadsheet

You can open a spreadsheet with the Spreadsheet » New Spreadsheet menu item or with the key Alt+T.
When you open a new spreadsheet, a configuration screen with the following options appears:

Variable — Here you can specify a variable in which the spreadsheet will be saved as a matrix.
Rows, Columns — Here you can specify the number of rows and columns in the spreadsheet.

Eval — If checked, then the spreadsheet will be re-evaluated every time you make a change to it. (You
can always re-evaluate the spreadsheet by clicking the | eval button on its menu bar.)

Distribute — If checked, then entering a matrix will distribute the contents across an appropriate
array of cells, otherwise the matrix will be put in one cell.

Landscape — If checked, the graphical representation of the spreadsheet will be displayed below the
spreadsheet, otherwise it will be displayed to the right of the spreadsheet.

Move right — If checked, the cursor will move to the cell to the right of the current cell when data is
entered, otherwise it will be moved to the cell below the current cell.

Spreadsheet — If checked, the spreadsheet will be formatted as a spreadsheet, otherwise it will be
formatted as a matrix.

Graph — If checked, the graphical representation of the spreadsheet will be displayed.

Undo history — Here you can specify how many undo’s can be performed at a time.

The configuration screen can be reopened with the Edit » Configuration » Cfg window menu attached to
the spreadsheet.

2.10.2 Spreadsheet window

When you open a spreadsheet, the input line will become the spreadsheet, like the one shown in
Figure 2.4. The top will be a menu bar with Table, Edit and Maths menus as well as | eval , | val , | init ,

2D and 3D 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, which
can be clicked to return to the configuration screen.
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3.1 Constants
3.1.1 Numbers

XcaAs works with both real and complex numbers. The real numbers can be integers, rational numbers,
floating point numbers or symbolic constants.
You can enter an integer by simply typing the digits.

> 1234321
1234321

Alternatively, you can enter an integer in binary (base 2) by prefixing the digits (0 through 1) with Ob,
in octal (base 8) by prefixing the digits (0 through 7) with 0 or 0o, and in hexadecimal (base 16) by
prefixing the digits (0 through 9 and a through f) with 0x. (See Section 5.4.1, p. 65.)

> Oxabl2
43794

You can enter a rational number as the ratio of two integers.
> 123/45
41
15
The result will be put in lowest terms. If the top is a multiple of the bottom, the result will be an
integer.
> 123/3

41

A floating point number is regarded as an approximation to a real number. You can enter a floating
point number by writing it out with a decimal point.

> 123.45
123.45

You can also enter a floating point number by entering a sequence of digits, with an optional decimal
point, followed by e and then an integer, where the e represents “times 10 to the following power.”

> 1234e3
1234000.0

Floating point numbers with a large number of digits will be printed with e notation; you can control
how other floats are displayed (see Section 2.5.7, p. 15, item 2.5.7). An integer or rational number can
be converted to a floating point number with evalf (see Section 7.3.1, p. 128).

A complex number is a number of the form a+bi, where a and b are real numbers. The numbers a
and b will be the same type of real number; one type will be converted to the other type if necessary
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Symbol Value

e (or %e) the number e!

pi (or %pi) the number 7

infinity unsigned oo

+infinity (or inf) +4oo

-infinity (or -inf) —oo

i (or %i) the complex number 0 + 1 -1i

euler_gamma Euler’s constant v := lim,, (2221 % - ln(n))

Table 3.1: Symbolic constants in XCAS

(an integer can be converted to a rational number or a floating point number, and a rational number
can be converted to a floating point number).

> 3+1.11
34 1.1i

3.1.2 Symbolic constants

Standard constants in XCAS are built-in symbols, given in Table 3.1, p. 33.
Since these numbers cannot be written exactly as standard decimal numbers, they are necessarily
left unevaluated in exact results (see Section 2.5.4, p. 14).

> 2*pi
2

> 2.0%pi
6.28318530718

You can also use evalf (see Section 7.3.1, p. 128), for example, to approximate one of the real-valued
constants to as many decimal places as you want.

> evalf (pi,50)
3.1415926535897932384626433832795028841971693993751

3.1.3 Testing for undefined and infinity symbols

The isinf command checks whether its argument is an infinity (unsigned, positive or negative) or not.
The isnan command checks whether its argument is undefined or not.

Examples

> isnan(0/0)

true

> isnan(0/1)

false
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> isinf (0/1)

false

> isinf (1/0)

true

3.2 Sequences, sets and lists

3.2.1 Sequences

A sequence is represented by a sequence of elements separated by commas, without delimiters or with
either parentheses (( and )) or seq[ and ] as delimiters, as in:

>1,2,3,4

or:

> (1,2,3,4)

or:

> seqll1,2,3,4]

1,2,3,4

Note that the order of the elements of a sequence is significant. For example, if B:=(5,6,3,4) and
C:=(3,4,5,6), then B==C returns false.

(A value can be assigned to a variable with the := operator; see Section 3.3.1, p. 36. Also, == is the
test for equality; see Section 5.1.2, p. 50.)

Note also that the expressions seq[...] and seq(...) are not the same (see Section 6.1.2, p. 67 for
information on seq(...)). For example, seq([0,2])=(0,0) and seq([0,1,1,5])=[0,0,0,0,0] but
seq[0,2]1=(0,2) and seq[0,1,1,5]=(0,1,1,5)

See Section 6.1, p. 67 for operations on sequences.

3.2.2 Sets

To define a set of elements, put the elements separated by commas, with delimiters %{ and %} or set[
and ].

> set[1,2,3,4]

or:

> %{1,2,3,4%}
11,2,3,4]

In the XCAS output, the set delimiters are displayed as [ and ] in order not to confuse sets with lists
(see Section 3.2.3, p. 35). For example, [1,2,3] is the set %{1,2,3%}, unlike [1,2, 3] (normal brackets)
which is the list [1,2,3].

> A:=%{1,2,3,4%}
or:
> A:=set[1,2,3,4]

[1,2,3,4]
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> B:=%{5,5,6,3,4%}
or:

> B:=set[5,5,6,3,4]
[5,6,3,4]

Remark. The order in a set is not significant and the elements in a set are all distinct. If you input
B:=%{5,5,6,3,4%} and C:=%{3,4,5,3,6%}, then B==C will return true.
See Section 6.4, p. 96 for operations on sets.

3.2.3 Lists

A list is delimited by [ and ], its elements must be separated by commas. For example, [1,2,5] is a
list of three integers. Lists are also called vectors in XCAS.

Lists can contain lists (for example, a matrix is a list of lists of the same size, see Section 14.2; p. 325).
Lists may be used to represent vectors (lists of coordinates), matrices, or univariate polynomials (lists
of coefficients by decreasing order, see Section 11.1.1, p. 211).

Lists are different from sequences, because sequences are flat: an element of a sequence cannot be a
sequence. Lists are different from sets, because for a list, the order is important and the same element
can be repeated in a list (unlike in a set where each element is unique). See Section 6.3, p. 78 for
operations on lists.

In XCAS output:

o matrix and list delimiters are displayed as square brackets ([ and |),
o polynomial delimiters are displayed as [, |

o set delimiters are displayed as [, |.

3.2.4 Accessing elements

The elements of sequences and lists are indexed starting from 0 in XCAS syntax mode and from 1 in all
other syntax modes (see Section 2.5.2, p. 14). To access an element of a list or a sequence, follow the
list with the index between square brackets.

Examples
> L:=[2,5,1,4]
[2,5,1,4]
> L[1]
5

To access the last element of a list or sequence, you can put -1 between square brackets.
> L[-1]

4

If you want the indices to start from 1 in XCAS syntax mode, you can enter the index between double
brackets.

> L[[1]1]
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3.3 Variables

3.3.1 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 cannot use the names of built-in variables or functions
or other keywords reserved by XCAS.

3.3.2 Assigning values to variables

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

> a:=4

Alternatively, 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 (the value is
stored into the variable):

> sto(4,a)
After any one of these commands, whenever you use the variable a in an expression, it will be replaced
by 4.

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 swap 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 command. 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):

> sol: =SolVe( I:X+y=1 ,Y=2] 1) [X’y] )
(see Section 9.3.6, p. 184), you will get

[z =—-1,y =2]

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,y=2], [x,y])

will return
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In this case, the command
> [x,y]:=s0l[0]

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

3.3.3 Assignment by reference

A list is simply a sequence of values separated by commas and delimited by [ and ] (see Section 6.1,
p. 67). Suppose you give the variable a the value [1,1,3,4,5]:

> a:=[1,1,3,4,5]

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

> a[1]=<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 a to [1,2,3,4,5].

3.3.4 Copying lists

If you enter

> listl:=[1,2,3]
and then

> list2:=1istl

then listl 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

> 1list1[1]=<5

then both 1ist1 and 1ist2 will be equal to [1,5,3].
The copy command creates 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

> list1:=[1,2,3]

and then

> list2:=copy(listl)

then list1 and 1ist2 will both be [1,2,3], but now if you enter

> list1[1]=<5

then list1 will be equal to [1,5,3] but 1list2 will still be [1,2,3].

3.3.5 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;

> a+=4

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

> a-=2

then a will be equal to 6. If you follow this with
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> a*=3
then a will be equal to 18, and finally
> a/=9

will end with a equal to 2.

3.3.6 Storing and recalling variables and their values
The archive command stores the values of variables for later use in a file of your choosing.
e archive takes two arguments:

— filename, a filename in which to store values.

— wars, a variable or list of variables.

o archive("filename" ,vars) saves the values of vars (or the values of the variables in the list) in
file filename.

For example, if the variable a has the value 2 and the variable bee has the value "letter" (a string),
then entering

> archive("foo", [a,bee])

will create a file named “foo” which contains the values 2 and "letter" in a format meant to be
efficiently read by Xcas.
The unarchive command will read the values from a file created with archive.

e unarchive takes filename, the filename.

e unarchive("filename") returns the value or list of values stored in filename.

Example

With the file foo as above:

> unarchive("foo")

[2, “letter”]

You can enter

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

in order to reassign these values to a and bee.
3.3.7 Copying variables

The CopyVar command copies the contents of one variable into another, without evaluating the contents.

e CopyVar takes two arguments:
— fromwar, the name of a variable to copy from.

— tovar, the name of a variable to copy to.

o CopyVar (fromvar, tovar) copies the unevaluated contents of fromwvar into tovar.
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Example

> ai=c:;
c:=5:;
CopyVar(a,b);

then:
> b

Changing the value if ¢ will also change the output of b, since b contains c.
> ¢:=10:;
b

10

3.3.8 Assumptions on variables

The assume (or supposons) command lets you tell XCAS some properties of a variable without giving
the variable a specific value.

o assume (or supposons) takes one mandatory argument and one optional argument:

— assumptions, statements about a variable (such as equalities and inequalities, possibly
combined with and and or, and domains).

— Optionally, additionally, which indicates that the assumptions are to be added to previous
assumptions, as opposed to replace them.

o assume (assumptions (,additionally )) places the assumptions on the variable. With no second
argument, it will remove any previous assumptions.

The additionally command can be used to place additional assumptions on a variable.
e additionally takes assumptions as above.
e additionally(assumptions) adds the assumptions to a variable without removing assumptions.

The about command will display the current assumptions about a variable. (See Section 28.1.8,
p. 818 and Section 28.2.6, p. 824 for other uses of about.)

e about takes wvar, the name of a variable.
e about (var) returns the current assumptions on the variable.

The purge command will remove all values and assumptions about a variable.
e purge takes var, a variable name or a sequence of variable names.

o purge(var) removes any assumptions you have made about the variable var (or about all the
variables in the sequence).

39



3 CAS building blocks

Examples

If you enter

> assume(variable>0)

then XCAS will assume that variable is a positive real number, and so
> abs(variable)

will be evaluated to

variable

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>6)

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 an 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 also assume a variable is in one of the domains real, integer, complex or rational (see
Section 25.2.5, p. 650).

You can check the assumptions on a variable with the about command. For the above positive
integer n,
> about (n)

[integer, [[0, +00]], [0]]

The first element tells you that n is an integer, the second element tells you that n is between 0 and
400, 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)

then by default the variable ¢ will remain unevaluated in later levels. If you want an expression
involving ¢ to be evaluated, you would need to put the expression inside the evalf command (see
Section 7.3.1, p. 128). After the above assumption on c, if you enter

> evalf (c~2+3)
then you will get

7.0

Right below the assume(c=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 (c=2) command will transform to
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> assume(c=[2.2,-10.0,10.0,0.0])

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 output to

> evalf (c™2+3)

will become

7.84

The -10.0 and 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 ¢ 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])

Recall the purge command removes assumptions about a variable.
> purge(a)

then a will no longer have any assumptions made about it.

> purge(a,b)

then a and b will no longer have any assumptions made about them.

3.3.9 Unassigning variables

XcAS has commands that help you keep track of what variables you are using and resetting them
if desired. The VARS command will list all the variables that you are using, the purge, DelVar and
del commands will delete selected variables, and the rm_a_z and rm_all_vars commands will remove
classes of variables. All variables can be removed by using restart.

o VARS takes no arguments.

e VARS() returns a list of the variables that you have assigned values or made assumptions on.

The purge command will clear the values and assumptions you make on variables (see Section 3.3.8,
p. 39). For TT compatibility there is also DelVar, and for PYTHON compatibility there is del.

o The purge command takes var, the name of a variable.

e purge(wvar) clears the variable var of all values and assumptions.

o The DelVar (and del) commands take one argument: var, the name of a variable.

o Delvar wvar (or del var) removes the values attached to var. (Note that they do not take their
argument in parentheses.

The rm_all_vars and restart commands clear the values and assumptions you have made on all
variables use.

e rm_all_vars takes no arguments.

e rm_all_vars() removes all the values that you have attached to variables.

e restart takes no arguments.

o restart removes all the values that you have attached to variables. (Note that it does not use
parentheses.)
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The rm_a_z command clears the values and assumptions on all variables with single lowercase letter
names.

e rm_a_z takes no arguments.

e rm_a_z() purges all variables whose names are one letter and lowercase.

Examples

Enter:

> a:=1; anothervar:=2
then:

> VARS()

[a, anothervar]

To clear the variable a:

> purge(a)

or (for TT compatibility):

> DelVar a

or (for PYTHON compatibility):

> del a

If you have variables names A,B,a,b,myvar, then after:
>rm_a_z()

you will only have the variables named A,B,myvar.

3.3.10 CST variable

The menu available with the | cust button in the bandeau on the onscreen keyboard (see Section 2.2,
p. 5, item 2.2) is defined with the CST variable. It is a list where each list item determines a menu item;
a list item is either a builtin command name or a list itself consisting of a string to be displayed in the
menu and the input to be entered when the item is selected.

For example, to create a custom defined menu with the builtin function diff, a user defined function
foo, and a menu item to insert the number 22/7, enter:

> CST:=[diff, ["foo",fool, ["My pi approx",22/7]1]

Note that if the input to be entered is a variable and the variable has a value when CST is defined, then
CST will contain the value of the variable. For example,

> app:=22/7:; CST:=[diff, ["foo",fool,["My pi approx",appl]

will be equivalent to the previous definition of CST. However, if the variable does not have a value when
CST is defined, for example:

> CST:=[diff, ["foo",fool, ["My pi approx",appll:; app:=22/7
then CST will behave as the previous values to begin with, but in this case if the variable app is changed,
the the result of pressing the ' My pi approx button will change also.

Since CST is a list, a function can be added to the cust menu by using the concat command (see
Section 6.3.12, p. 84):

> CST:=concat (CST,evalc)

will add the evalc command to the cust menu.
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3.4 Functions

3.4.1 Defining functions

Similar to how you can assign a value to a variable (see Section 3.3.2, p. 36), use the := and => operators
to define a function; 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. In either case,
if you then enter:

> £(3)
you will get:

9

You can define an anonymous function, namely a function without a name, with the -> operator; for
example, the squaring function can be defined by

> x=->x"2
use this form of the function to assign it a name; both
> fi=x->x"2
and
> x->x72=>f
are alternate ways to define f as the squaring function.
You can similarly define functions of more than one variable. For example you could enter
> hypot(a,b) :=sqrt(a~2+b~2)
or
> hypot:=(a,b)->sqrt(a”2+b~2)

to define a function which takes the lengths of the two legs of a right triangle and returns the hypotenuse.
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4.1 Files

4.1.1 Writing variable values to a file

The write command saves variable values to a file, to be read later.

o write takes two arguments:
— filename, a string,.

— wars, a sequence of variables.

o write(filename, vars) writes the variables in vars assigned to their values in a file named filename.

Example
> a:=3.14
b:=7

write("foo",a,b)
creates a file named “foo” containing:

a:=(3.14);
b:=7;
If you wanted to store the first million digits of 7 to a file, you could set it equal to a variable and store
it in a file:
> pidec:=evalf (pi,1076):;
write("pilmillion",pidec)
The file is written so that it can be loaded with the read command (Section 4.1.3, p. 45), which simply

takes a file name as a string. This allows you to restore the values of variables saved this way, for
example in a different session or if you have purged the variables.

Example

If, in a different session, you want to use the values of a and b above, enter:
> read("foo")

This will reassign the values 3.14 and 7 to a and b. Be careful, this will silently overwrite any values
that a and b might have had.

4.1.2 Writing output to a file

XcAs has a basic file I/O support in form of three commands: fopen, fprint and fclose. Note that
reading from files is not supported.
The fopen command creates and opens a file to write into.

o fopen takes filename, a string.

o fopen(filename) creates a file named filename (and erases it if it already exists).
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To use this, you need to associate it with a variable var:=fopen (filename) which use to refer to the
file when printing to it.
The fprint command writes to a file.
o fprint takes two mandatory arguments and one optional argument:
— war, a variable name associated with a file through fopen.
— Optionally, Unquoted, the symbol.
— info, a list of what you want to write to the file.
o fprint(var(,Unquote ), info) writes info into the file given by var. By default, strings in info

are written with their quotation marks, with the option Unquoted, fprint will print them with
the quotation marks.

The fclose command closes a previously opened file.
o fclose takes var, a variable assigned to a file with fopen.

e fclose(war) closes the file given by var to further writing.

Example

To write contents to a file, you first need to open the file and associate it with a variable.
> f:=fopen("bar")
This creates a file named “bar” (and so erase it if it already exists). To write to the file:
> x:=9:; fprint(f,"x+1 is ",x+1)
This puts
"x+1 is "10
in the file. Note that the quotation marks are not inserted if you use the Unquoted argument:
> x:=9:; fprint(f,Unquoted,"x+1 is ",x+1)
This puts
x+1 is 10

in the file. Finally, after you have finished writing what you want into the file, you close the file with
the fclose command:
> fclose(f)

This returns 1 on success and 0 on failure.

4.1.3 Reading files

Information for XCAS can be stored in a file; this information can be read with the read command,
depending on the type of information.

The read command reads a file containing XCAs information, such as a program that you saved (see
Section 2.6.3, p. 21) or simply commands that you typed into a file with a text editor. The file should
have the suffix .cxx.

o read takes filename, the name of a file (a string) containing a saved program (see Section 2.6.3,
p. 21) or other commands.

o read(filename) reads the content of the file.
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Examples

If you have a file named myfunction.cxx,

> read("myfunction.cxx")

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

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

In Windows, you should use \\ instead of / as the directory separator. In Linux, absolute paths usually
begin with /home/.

4.1.4 Reading CSV data

CSV data is textual data formatted into m lines separated by a character linesep, each of which
contains n elements separated by a character sep. Usually, 1inesep is the newline character and sep
is the comma or tab character.

The csv2gen command converts CSV data from files and strings to XCAS matrices.

e csv2gen takes one mandatory argument and up to five optional arguments:
— data, a string containing either CSV data or the path to a CSV file.

— Optionally, sep, a string specifying the character sep. Note that XcAs will use only the first
character in sep. By default, sep = ";". (Note that the tab character is entered as \t.)

— Optionally, linesep, a string specifying the character 1inesep. Note that XCAs will use only
the first character in linesep. By default, linesep = "\n" (line feed).

— Optionally, decsep, a string specifying the character used as the decimal point. Note that
Xcas will use only the first character in decsep. By default, decsep =",".

— Optionally, eof, a string or character specifying the end of CSV data. Note that XCAS will
use only the first character in eof if it is a string. By default, eof = 0 (the EOF character).

— Optionally, string, the symbol specifying that data is CSV data and not a file name. This
argument may always be appended to the input sequence regardless of omitting some or all
of the optional arguments above. By default, data is interpreted as the file name.

o csv2gen(data, (, sep (, linesep (, decsep (, eof)))) (, string)) returns a matrix with m rows and
n columns containing the CSV data. Numbers and other giac expressions are automatically
converted from strings.

o if decsep is given, then it is replaced by "." in the imported matrix prior to string—number
conversion. If your data is using "." as the decimal point already (as is the XCAs standard)
and you have specified sep = ",", then you do not have to set decsep explicitly since there is no
commas left after importing and attempting to replace them will have no effect.

o If eof is given, then importing will stop as soon as the specified character is read (it is subsequently
discarded and therefore does not appear in the result).

o If there is some data missing in some line, i.e. when there are less than n elements in a line, then
Xcas will append zeros to the corresponding row of the output matrix.

o csv2gen skips empty lines; they will not be included in the result.

o Using csv2gen is a simple way to import data to XCAs from text files. Equivalently, you can
create a spreadsheet entry and use Table » Insert CSV from its menu bar (see Section 2.10, p. 31).
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Examples

To convert MATLAB array syntax to a giac matrix:
> csv2gen("1 2 3; 4 5 6"," ",";",string)

1 2 3
4 5 6

Assuming that the file hooke.csv (containing Hooke’s Law demo data) is downloaded from here to the
Downloads folder, you can load it by typing e.g.

> hooke:=csv2gen("/home/luka/Downloads/hooke.csv",",")

[ “Index” “Mass (kg)” “Spring 1 (m)” “Spring 2 (m)” |
1 0.0 0.05 0.05
2 0.49 0.066 0.066
3 0.98 0.087 0.08
4 1.47 0.116 0.108
) 1.96 0.142 0.138
6 2.45 0.166 0.158
7 2.94 0.193 0.174
8 3.43 0.204 0.192
9 3.92 0.226 0.205
10 4.41 0.238 0.232

The command
> tail (hooke)

is a convenient way to obtain the table with the header row removed (see Section 6.1.5, p. 71).

Application: loading and sorting real-world data

Assume that you require global annual mean temperature anomaly data for the last two of centuries (it
has been recorded since 1880). The corresponding CSV file can be found here. The file can be imported
in XcAs by entering:
> data:=csv2gen("/home/luka/Downloads/annual_csv.csv",","):;

header:=data[0]

[“Source”, “Year”, “Mean”|

There are three columns in the obtained table: Source, Year, and Mean. The last column contains the
mean anomalities in degrees Celsius. To collect different data sources, enter:

> sources:=set[op(tail(col(data,0)))]

[“GCAG”, “GISTEMP]

There are two sources of data: GCAG and GISTEMP, and the corresponding entries are interleaved. To
sort data by source, enter:
> t:=table():;

for src in sources do

t[src]=<sort(tran([col(select(r->r[0]==src,data),1..2)]));

od:;
Indeed, select selects the data rows in which the first element is the source src; col returns a sequence
containing the second and third column, which is converted into a two-row matrix by using the []
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delimiters; tran transposes the matrix, returning the desired list of pairs; finally, sort sorts the list
according to the lexicographic order (effectively along the first column, i.e. the time axis).

For instance, to plot the GCAG data, enter:
> gcag:=t["GCAG"]:;

labels=["year",""C"];

title="Annual mean temperature anomalies [°C]";

listplot(gcag)
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4.2 Directories

4.2.1 Working directories

XcAs has a working directory where it stores files that it creates; typically this is the user’s home
directory. The pwd command will tell you what the current working directory is, and and the cd
command lets you change it.

e pwd takes no arguments.
e pwd() returns the name of the current working directory.
o cd command takes dirname, the name of a directory (a string).

e cd(dirname) changes the working directory to dirname.

Examples

> pwd ()
The output might be something like:

“/home/username”

If you enter:

> cd("foo")

or (on a Unix system):

> cd("/home/username/foo")

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

To load or read a file, it will need to be in the working directory. Note that if you have the same file
name in different directories, then loading the file name will load the file in the current directory.
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4.2.2 Internal directories

You can create a directory that is not actually on your hard drive but is treated like one by XCAs with
the command NewFold.

o NewFold takes one argument: MylIntDir, a variable name (see Section 3.3.1, p. 36).

o NewFold(MylntDir) creates a new internal directory named MylIntDir. (Note that quotation
marks are not used.)

Internal directories will be listed with the VARS() command (see Section 3.3.9, p. 41). To actually
use this directory, you will have to use the SetFold command.

e The SetFold command takes MylntDir, the variable name of an internal directory created with
NewFold.

o SetFold(MylntDir) makes MylIntDir the working directory (see Section 4.2.1, p. 48).
You can print out the internal directory that you are in with the GetFold command.

e GetFold takes no arguments.

e GetFold() returns the name of the current internal directory.
The DelFold command will delete an internal directory.

e DelFold takes MylntDir, the variable name of an internal directory.

e DelFold(MylntDir) will delete the directory if it is empty.
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5.1

Booleans

5.1.1 Boolean values

The symbols true and false are booleans, and are meant to indicate a statement is true or false.
These constants have synonyms:

true is the same as TRUE.
false is the same as FALSE.

true and false are both integers with values 1 and 0, respectively, but have a different subtype
than ordinary integers to indicate that they are boolean values.

A function which returns a boolean is called a test (or a condition or a boolean function).

5.1.2 Comparison operators

The usual comparison operators between numbers are examples of tests. In XCAS, they are the following
infixed operators:

a==b 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>=b returns 1 if a is greater than or equal to b and 0 otherwise.

a>b returns 1 if a is strictly greater than b and 0 otherwise.

a<=b 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.

Remark. Note that a=b is not a boolean. This form is used to state that the expression is an equality,
perhaps with the intent to solve it. To test for equality, you need to use a==b, which is a boolean.

5.1.3 Defining functions with boolean tests

use boolean tests to define functions not given by a single simple formula. Notably, use the ifte
command or the 7: operator to define piecewise-defined functions.

ifte takes three arguments:
— condition, a boolean condition.
— restrue, the result to return if condition is true.

— resfalse, the result to return if condition is false.

o ifte(condition, restrue, resfalse) returns restrue if condition holds and resfalse otherwise.
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Example

You can define your own absolute value function with:
> myabs(x) :=ifte(x>=0,x,-x)

Hence:

> myabs(-4)

4
However, myabs will return an error if it cannot evaluate the condition.
> myabs (x)

Ifte: Unable to check test Error: Bad Argument Value

The 7: construct behaves similarly to ifte, but is structured differently and does not return an
error if the condition cannot be evaluated.

e The 7: construct takes three arguments:
— condition, a boolean condition.
— restrue, the result to return if condition is true.

— resfalse, the result to return if condition is false.

e condition?restrue: resfalse returns restrue if condition holds and resfalse otherwise.

Example

You can define your absolute value function with
> myabs (x) :=(x>=0) ?x:-x

If you enter

> myabs(-4)

you will again get

4

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

> myabs (x)
r>072 @ —x
The when and IFTE commands are prefixed synonyms for the 7: construct.

o when (and IFTE) take three arguments:
— condition, a boolean condition.
— restrue, the result to return if condition is true.

— resfalse, the result to return if condition is false.

o when (condition, restrue, resfalse) and IFTE (condition, restrue, resfalse) both return restrue if con-
dition holds and resfalse otherwise.

(condition) 7 restrue : resfalse

when (condition, restrue, resfalse)
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and
IFTE (condition, restrue, resfalse)

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 latter can also be used for finding piecewise representations of expressions.

e piecewise can take an even number of arguments, followed by a single optional argument:

— condy, returny, condy, returng, ..., cond,, return,, an arbitrary number of pairs of conditions
and corresponding return values.

— Optionally, ezpr, an expression.

Alternatively, piecewise can take one argument, an expression expr, optionally followed by a
second argument x, an identifier.

o With conditional arguments, piecewise(condy, returny, ..., cond,, return, (, expr)) returns an
expression which evaluates to returny if condy, is the first true condition, or to expr if none of the
conditions are true. If expr is not given, then the default value is undef.

e With a single argument, piecewise(expr) returns a piecewise representation of expr. This is
useful if ezpr involves Heaviside/signum/absolute value functions, since piecewise attempts to
remove them; if it fails, then expr is returned. The optional second argument may be given,
specifying the relevant variable (otherwise it is guessed).

Examples

To define
-2 if v < =2
3r+4 if —2<zx<-1

f(x) = .

1 if —1<z<0
z+1 x>0

enter:

> f(x) :=piecewise(x<-2,-2,x<-1,3%x+4,x<0,1,x+1)
To verify, plot f(z) for e.g. =3 <z < 1.
To convert the expression z 6 (x + 1) — 226 (z — 1) + 23sign (x) to a piecewise expression, enter:
> f:=x*Heaviside(x+1)-x"2%Heaviside(x-1)+x"3*sign(x):;
and then
> piecewise(f)
or:

> piecewise(f,x)

—a3, 1>z
—x3 + 1, 0>z
x3 4, 1>z

x3 — 22 + 2, otherwise

piecewise can be used for “flattening” expressions containing piecewise defined subexpressions. For
example:

> piecewise(l+piecewise(x<0,-x,x<1,x,1)*when(x<1/2,4x72,2-2x) ,x)
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—4x3 + 1, 0>z
Az + 1, % >
22242241, 1>z
—2x + 3, otherwise

5.1.4 Logical operators

Booleans can be combined to form new booleans. For example with and, the statement “bool! and
bool2” is true if both booll and bool2 are true, otherwise the statement is false.
XcAs has the standard boolean operators, as follows (a and b are two booleans):

o or or || — These are infixed operators. (a or b) (or (a || b)) returns 0 (or false) if a and b
are both equal to 0 (or false) and returns 1 (or true) otherwise.

e xor — This is an infixed operator. It is the “exclusive or” operator, meaning “one or the other
but not both”. (a xor b) returns 1 if a is equal to 1 and b is equal to 0 or if a is equal to 0 and
b is equal to 1, and returns 0 if @ and b are both equal to 0 or if ¢ and b are both equal to 1.

o and or && — These are infixed operators. (a and b) (or (a && b)) returns 1 (or true) if a and
b are both equal to 1 (or true) and returns 0 (or false) otherwise.

e not — This is a prefixed operator. not(a) returns 1 (or true) if a is equal to 0 (or false), and
0 (or false) if a is equal to 1 (or true).

Examples

> 1>=0 or 1<0

1
> 1>=0 xor 1>0

0
> 1>=0 and 1>0

1
> not (0==0)

0

5.1.5 Transforming a boolean expression to a list

The exp2list command can transform certain booleans into a list.

« exp2list takes one argument: egseq, a sequence of equalities (or inequalities) connected with
ors, such as (x =aq) or ... or (x =ay,).

o exp2list(egseq) returns the list [ai, ..., a,] of right-hand sides of the (in)equalities.

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

> exp2list ((x=2) or (x=0))

[2,0]
> exp2list((x>0) or (x<2))

[0,2]
In TT mode:
> exp2list(solve((x-1)*(x-2)))

[1,2]

5.1.6 Transforming a list into a boolean expression

The 1ist2exp command is the inverse of exp2list; it takes lists and tranforms them into boolean
expressions. It can do this in two ways.

e list2exp can take two arguments:
— L, a list of values of the form [a1, ..., ay].

— x, a variable name.
o list2exp(L,x) returns the boolean expression (z =aj;) or ... or (x =ay,).

o Alternatively, list2exp can take two arguments:

— L, a list where each element of L it itself a list of n values of the form [ay, ..., ay].
— wars, a list [x1,...,x,] of n variable names.
o list2exp(L, vars) returns a boolean expression of the form (z1 =a1) and ... and (x, = ay,)

for each list of n values in the first argument, combined with ors.

Examples
> list2exp([0,1,2],a)
a=0Va=1Va=2
> list2exp(solve(x~2-1=0,x),x)
r=—-1VvVe=1
> list2exp([[3,9],[-1,11], [x,y])

rz=3Ny=9Vae=—-1Ay=1

5.1.7 Evaluating booleans

The MAPLE command evalb evaluates a boolean expression (see Section 5.1, p. 50). Since XCAS
evaluates booleans automatically, it includes a evalb command only here for compatibility and is
equivalent to eval (see Section 9.1.1, p. 169).

e evalb takes bool, a boolean expression.

e evalb(bool) returns 1 if bool is true and returns 0 otherwise.
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Examples

> evalb(sqrt(2)>1.41)
or:
> sqrt(2)>1.41

1
> evalb(sqrt(2)>1.42)
or:
> sqrt(2)>1.42

0

5.2 Strings

5.2.1 Characters and strings

Strings are delimited with quotation marks ("). A character is a string of length one.

Do not confuse " with > which is used to prevent evaluation of an expression (see Section 9.1.4,
p. 170). For example, "a" returns a string with one character but *a’ or quote(a) returns the variable
a unevaluated.

When a string is entered on a command line, it is evaluated to itself, hence the output is the same
string. You can use + to concatenate two strings or a string and another object (where the other object
will be converted to a string, see Section 5.2.13, p. 61).

Examples

> "Hello"

“Hello”

> "Hello"+", how are you?"

“Hello, how are you?”

> "Hello"+ 123

“Hello123”

You can refer to a particular character of a string using index notation, like for lists (see Section 6.3,
p. 78). Indices begin at 0 in XCAS mode, 1 in other modes.

Example

> "Hello"[1]

AP

5.2.2 Newline character

A newline can be inserted into a string with \n.

95



5 Booleans and strings

Example

> "Hello\nHow are you?"

“Hello

How are you?”

5.2.3 Length of a string

The size or length command finds the length of a string (as well as the length of lists in general, see
Section 6.1.3, p. 70).

e size takes str, a string.

o size(str) returns the length of the string.

Example

> size("hello")

5.2.4 Extracting portions of a string

The left and right commands find the left and right parts of a string. (See Section 8.2.3, p. 149,
Section 6.5.1, p. 98, Section 6.6.2, p. 100, Section 6.3.6, p. 80, Section 9.3.4, p. 183, Section 9.3.5, p. 183,
Section 28.2.8, p. 825 and Section 28.2.9, p. 826 for other uses of left and right.)
e left takes two arguments:
— str, a string.

— n, a non-negative integer.

left (str,n) returns the first n characters of the string str.

right takes two arguments:
— str, a string.

— n, a non-negative integer.

right (str,n) returns the last n characters of the string str.

The head command finds the first character of a string.

e head takes str, a string.

e head(str) returns the first character of the string str.
The mid command finds a selected part from the middle of a string.

o mid takes three arguments:
— str, a string.
— p, an integer for the starting index of the result.

— ¢, an integer ¢ for the length of the string.
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e mid(str, p,q) returns the part of the string str starting with the character at index p with length
¢. (Remember that the first index is 0 in XCAS mode.)
The tail command removes the first character of a string.
e tail takes str, a string.

e tail(str) returns the string str without its first character.

Examples

> left("hello",3)

“hel77
> right("hello",4)

“ello”
> head("Hello")

“H?’
> mid("Hello",1,3)

“e1177
> tail("Hello")

“ello”

5.2.5 Finding and removing leading/trailing whitespace

The trim command can find and/or remove leading and trailing whitespace in a string (see Section 21.2.2,
p. 569, Section 28.1.9, p. 819 and Section 28.2.2, p. 822 for other usages of trim).
e trim takes one mandatory arguments and one or two optional arguments:
— str, a string.
— Optionally, 1left or right, the symbol specifying an one-sided truncation.
— Optionally, index, the symbol.

o trim(str(,left|right) (, index)) finds the index [ of the first non-whitespace character in str
and the index u of the first trailing whitespace character in str. If index is given, then the return
value is either [ if left is given, u if right is given, or (I,u — [) otherwise (the last sequence
contains the start and length of the truncated string). If index is omitted, then the return value

is the portion between the [th character (inclusive) and uth character (exclusive); if left is given,
then u = length(str), and if right is given, then [ = 0.

o Whitespace characters in ASCII are: 9 (horizontal tab), 10 (line feed), 11 (vertical tab), 12 (form
feed), 13 (carriage return) and 32 (space).

Instead of trim, you can also use the strip command to remove whitespace, but note that it discards
only space characters.
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Examples
> trim(" +this is a string\n\t ")

“this is a string”
> trim(" this is a string\n\t ",right)

“ this is a string”

> trim(" 12345 ",index)

2,5

5.2.6 Splitting strings into lists of tokens

The split command splits a string into a sequence of substrings with respect to a given separator.
See Section 9.1.9, p. 172 for other uses of split.

e split takes two arguments:
— str, a string.

— sep, a string specifying the separator.

o split(str, sep) returns a list of substrings [s1, so, ..., s,] of str such that sl+sep+s2+sep+..+sn
returns str.

e To trim the returned substrings, you can enter the command apply(trim,res) provided that

res holds the return value of split (see Section 5.2.5, p. 57).

Examples

> split("this is a phrase"," ")

I:“this”’ “iS”’ L(a”’ (éphrase”]

> apply(expr,split("112--34--567--89","--"))
[112, 34,567, 89]

5.2.7 Concatenation of a list of strings
The concat and sum commands concatenate elements of a list of strings together into a single string.
e concat and sum both take L, a list of strings.

e concat(L) and sum(L) both return the string obtained by Ist concatenating strings from L
together in the given order.

The join command concatenates a list of strings after inserting a specified separator string between
adjacent elements.

e join takes two arguments:
— sep, a string specifying the separator.

— L, a list of strings si, s9,..., Sy.
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e join(sep, L) returns the string sl+sep+s2+sep+. .+sn.

The cumSum command works on strings like it does on expressions by doing partial concatenation
(see Section 6.3.26, p. 90).

e cumSum takes L, a list of strings.

e cumSum (/L) returns a sequence of strings where the element of index k is the concatenation of the
strings in L with indices 0 to k.

Examples
> sum("Hello, ","is ","that ","you?")

“Hello, is that you?”
> join(ll " s ["Hello s " , Ilisll s "that " s nyou?u] )

“Hello, is that you?”

> cumSum("Hello, ","is ","that ","you?")

“Hello, 7, “Hello, is ”, “Hello, is that ”, “Hello, is that you?”

5.2.8 ASCII code of a character
The ord command finds the ASCII code of a character.

o ord takes str, a string (or a list of strings). ord(str) returns the ASCII code of the first character
of str (or the list of the ASCII codes of the first characters of the elements of the list str).

Example
> OI'd( llall )

97
> ord("abcd")

97
> ord(["abcd" s "cde"])

97,99
> ord(["a","b","c","d"])
[97, 98,99, 100]

5.2.9 ASCII code of a string
The asc command finds the ASCII codes of all the characters in a string.
o asc takes str, a string.

o asc(str) returns the list of the ASCII codes of the characters of s.
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Examples
> asc("abcd")

[97, 98,99, 100]
> asc("a")

[97]

5.2.10 String defined by the ASCII codes of its characters

The char command translates ASCII codes to strings.

e char takes ¢, an integer representing an ASCII code or a list of ASCII codes.

e char(c) returns the string whose character has ASCII code ¢ or whose characters have ASCII
codes the elements of the list c.

Example

> char([97,98,99,100])
“abced”

> char (97)

]
a

Note that there are 256 ASCII codes, 0 through 255. If asc is given an integer ¢ not in that range,
it will use the integer in that range which equals ¢ modulo 256.

> char(353)

Haﬂ
because 353 — 256 = 97.

5.2.11 Finding a character in a string

The inString command tests to see if a string contains a character.
e inString takes two arguments:
— str, a string.

— ¢, a character.

e inString(str,c) returns the index of its first occurrence of the character ¢ in the string str, or
-1 if ¢ does not occur in str.

Examples

> inString("abcded","d")

> inString("abcd","e")
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5.2.12 Concatenating objects into a string

The cat command transforms a sequence of objects into a string.
e cat takes seq, a sequence of objects.

o cat(seq) returns the concatenation of the string representations of these objects as a single string.

Examples

> cat("abcd",3,"d")

“abcd3d”
> c:=b:;
cat("abcd",c,"e")
“abcdbe”
> purge(c);
cat(15,c,3)
“15¢3”

5.2.13 Adding an object to a string

The ’+’ command can be used like cat (see Section 5.2.12, p. 61), and the + operator is the infixed
version. (See Section 8.3.1, p. 151 for other uses of + and ’+°.)

o ’+’ takes seq, a sequence of objects, at least one of which is a string.

e '+’ (seq) returns the concatenation of the string representations of the objects in seq.
Remark. Note that + is infixed and ’+’ is prefixed.

Examples

> '+'("abc:d",3,"d")
or:
> "abcd"+3+"d"

“abed3d”
> c¢:=b
then:
> llabcdll+C+lld"
or:
> l+l(llabcd"’c’lldll)
“abedbd”
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5.2.14 Transforming a real number into a string

The cat command (see Section 5.2.12, p. 61) can also be used to transform a real number into a string,
as can + (see Section 5.2.13, p. 61).
If cat has a real number as an argument, the result will be a string.

Example
> cat(123)

“1237’

Similarly, if you add a real number to an empty string, the result will be a string.

Example

> n II+123
“1237’

5.2.15 Transforming a string into a number
The expr command transforms a string representing a valid XCAS statement into the actual statement.
e expr takes str, a string corresponding to an XCAS statement.

o expr(str) evaluates the statement.

Examples

> expr("a:=1")

1

In particular, expr can transform a string representing a number into the number (see Section 3.1.1,
p. 32).
> expr("123")

123

> expr("0123")
83

since 0123 represents a base 8 integer (see Section 5.4.1, p. 65) and 1-82 4+ 2.8+ 3 = 83.
> expr("0x12f")

303

since 0x12f represents a base 16 number and 1-162 +2- 16 + 15 = 303.
> expr("123.4567")

123.4567
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> expr("123e-5")
0.00123

5.2.16 Levensthein distance

The levenshtein command computes the Levenshtein distance between two words, which is the
minimum number of single-character edits (insertions, deletions or substitutions) required to change
one word into the other.

e levenshtein takes two arguments:
— S1, a vector or string.

— 82, a vector or string.

e levenshtein(si, so) returns the minimum number n of edits required to transform s; into so.

Example

> levenshtein("kitten","sitting")

5.2.17 Hamming distance

The hamdist command computes the Hamming distance between two sequences of equal lengths, which
is defined to be the number of elements at same positions which do not match.

e hamdist takes two arguments:
— S1, a vector or string.

— S9, a vector or string.
e hamdist (sy, $2) returns the number n of characters in s; that are different than the corresponding
characters in ss.
Example

> hamdist("cats","dogs")

5.3 Bitwise operators

5.3.1 Basic operators

Bitwise operators operate on the base 2 representations of integers, even if they are not presented
in base 2. For example, the bitwise or (see Section 5.1.4, p. 53) operator will take two integers and
and return an integer whose base 2 digits are the logical ors of the corresponding base two digits of
the inputs (see Section 5.1.4, p. 53). Thus, to find the bitwise or of 6 and 4, look at their base 2
representations, which are 0b110 (the Ob prefix indicates that it’s in base 2, see Section 3.1.1, p. 32)
and 0b100, respectively. The logical or or their rightmost digits is (0 or 0)=0. The logical or of their
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next digits is (1 or 0)=1, and the logical or of their remaining digits is (1 or 1)=1. So the bitwise
or of 6 and 4 is Ob110, which is 6.

To work with bitwise operators, it is not necessary but may be useful to work with integers in a base
which is a power of 2. The integers can be entered in binary (base 2), octal (base 8) or hexadecimal
(base 16) (see Section 5.4.1, p. 65). To write an integer in binary, prefix it with Ob; to write an integer in
octal, prefix it with 0 or Oo; and to write a integer in hexadecimal (base 16), prefix it with 0x. Integers
may also be output in octal or hexadecimal notation (see Section 2.5.7, p. 15, item 2.5.7).

There are bitwise versions of the logical operators or, xor and and, called bitor, bitxor and bitand;
they are all prefixed operators which take two arguments, which are both integers.

Examples

> bitor(0x12,0x38)
or:
> bitor(18,56)

o8

because 18 is written 0x12 in base 16 or 0b010010 in base 2 and 56 is written 0x38 in base 16 or
0b111000 in base 2, hence bitor(18,56) is 0b111010 in base 2 and so is equal to 58.

> bitxor(0x12,0x38)
or:
> bitxor(18,56)

42

because 18 is written 0x12 in base 16 and 0b010010 in base 2 and 56 is written 0x38 in base 16 and
0b111000 in base 2, bitxor(18,56) is written O0b101010 in base 2 and so, is equal to 42.

> bitand(0x12,0x38)
or:
> bitand(18,56)

16

because 18 is written 0x12 in base 16 and 0b010010 in base 2 and 56 is written 0x38 in base 16 and
0b111000 in base 2, bitand(18,56) is written 0b010000 in base 2 and so is equal to 16.
5.3.2 Bitwise Hamming distance

The Hamming distance between two integers is the number of differences between the bits of the two
integers. The hamdist command finds the Hamming distance between two integers.

e hamdist takes two arguments: m and n, both integers.

e hamdist(m,n) returns the Hamming distance between m and n.

Example

> hamdist (0x12,0x38)
or:
> hamdist (18,56)
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because 18 is written 0x12 in base 16 and 0b010010 in base 2 and 56 is written 0x38 in base 16 and
0b111000 in base 2, hence hamdist(18,56) isequal to1+0+14+0+1+ 0= 3.

5.4 Writing an integer in a different base

5.4.1 Writing an integer in base 2, 8 or 16

Integers are typically entered and displayed in base 10. You can also enter an integer in base 2 (binary),
base 8 (octal) or base 16 (hexadecimal). You can enter:

e a number in base 2 by prefixing it with Ob; the remaining digits have to be 0 or 1.
e an octal number by prefixing it with 0 or Oo; the remaining digits have to be 0-7 since it is base 8.

o a hexadecimal number by prefixing it with 0x; the remaining digits have to be 0-9 or A-F (where
Ais 10, Bis 11, ..., F is 15). Non-capital letters a-f are allowed to be used instead.

Examples

Since 101 in binary is the same as 1-1+0-2+1-22 =5 in decimal:
> 0b101

5
Since 512 in base 8 is the same as 2-1+1-8 + 582 = 330 in decimal:
> 0512
330
Since 2F3 in base 16 is the same as 31+ 15-16 + 2 - 162 = 755 in decimal:
> 0x2F3

755

You can have XCAS print integers in octal or hexadecimal, as well as the default decimal. To change
the base used for display, you can click on the red CAS status button and choose from the Integer basis
menu (see Section 2.5.7, p. 15, item 2.5.7). If you have XCAS set to display in hexadecimal, you will
get the following:

> 15
OxF

> 0x15

0x15

5.4.2 Writing an integer in an arbitrary base

The convert or convertir command does various kinds of conversions depending on the option given
as the second argument (see Section 10.1.10, p. 195).

One thing that convert can do is to convert integers to arbitrary bases and back to the default base,
both with the option base.
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Conversion from base 10. An integer can be converted into a list of digits in base b by using the
convert command.

e convert takes three arguments:
— n, an integer.
— base, the symbol verbatim.

— b, a positive integer, the value of the base.

e convert(n,base,b) returns the list of digits of the integer n when written in base b. The list of
digits will start with the 1s term, then the bs term, the b? term, etc.

Examples

> convert(123,base,8)
[3,7,1]
To verify, input 0173 (see Section 5.4.1, p. 65) or horner(revlist([3,7,1]1),8) (see Section 11.1.13,

p. 217 and Section 6.3.14, p. 85) or convert([3,7,1],base,8) which all return 123.
The base used for convert can be any integer greater than 1. For example, input:

> convert(142,base,12)
[10,11]

Conversion from an arbitrary base b. A number written in base b can be converted into a base 10
integer by using the convert command.

e convert takes three arguments:

— L, a list of integers representing the digits of the integer in base b, assumed to go in order of
increasing significance.

— base, the symbol verbatim.

— b, a positive integer, the value of the base.

o convert(L,base,b) returns the integer which, in base b, has the digits given in L.

Examples

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

> convert([10,11] ,base,12)
142
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6.1 Sequences and lists

6.1.1 Defining a sequence or a list

Recall (see Section 3.2.1, p. 34) that a sequence is represented by a sequence of elements separated by
commas, either without delimiters, with parentheses (( and )) as delimiters, or with seq[ and ] as
delimiters.

Examples

> a,b,c,d
or:
> (a,b,c,d)
or:
> seqla,b,c,d]
a,b,c,d

Similarly (see Section 3.2.3, p. 35) a list (or a vector) is a sequence of elements separated by commas
delimited with [ and ]J.

Examples
> [1,2,5]
[1,2,5]

To create an empty list, input:

> [

Remarks. Lists have more structure than sequences. For example, a list can contain lists (for example,
a matrix is a list of lists of the same size, see Section 14.2, p. 325). Lists may be used to represent
vectors (lists of coordinates), matrices, or univariate polynomials (lists of coefficients by decreasing
order, see Section 11.1.1, p. 211).

Sequences, on the other hand, are flat. An element of a sequence cannot be a sequence.

See Section 6.3, p. 78 for some commands only for lists.

6.1.2 Making a sequence or a list

The seq command or $ operator can create a sequence or a list.

o To create a sequence, seq takes three mandatory arguments and one optional argument:

— expr, an expression depending on a parameter.
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— k, the parameter.

— a..b, a range of values. The range can be combined with the parameter into one argument
of k=a..b.

— Optionally p, a step size (by default 1 or -1, depending on whether b > a or b < a). This is
only allowed if the previous two arguments are combined into one, k = a..b

This is MAPLE-like syntax.

o seq(ezpr,k,a..b) or seq(expr,k=a..b{,p)) returns the sequence formed by the values of expr,
as k changes from a to b in steps of p.

Alternatively, a sequence can be created with the infixed $ operator. Namely, expr$ (k=a. .b) returns
the sequence formed by the values of expr as k changes from a to b. As a special case, expr$n creates
a sequence consisting of n copies of expr.

There are two ways to create a list with seq.

e seq can take four mandatory arguments and one optional argument:
— expr, an expression depending on a parameter.
— k, the parameter.
— a, the beginning value of the parameter.
— b, the ending value of the parameter.
— Optionally p, a step size (by default 1 or -1, depending on whether b > a or b < a).
This is TI-like syntax.

o seq(ezpr,k,a,b(,p)) returns the list consisting of the values of expr, as k changes from a to b
in steps of p.

e As a special case, seq(expr,n) creates a list consisting of n copies of expr.

e Alternatively, seq can take two arguments:
— expr, an expression.

— n, a positive integer.

seq(expr,n) returns the list consisting of n copies of expr.

Remarks. In XCAs mode, the precedence of $ is not the same as it is, for example, in MAPLE. In case
of doubt, put the arguments of $ in parenthesis. For example, the following commands are equivalent:

> seq(j~2,j=-1..3)
or
> (372)8(j=-1..3)
1,0,1,4,9

With MAPLE syntax, j,a..b,p is not valid. To specify a step p for the variation of j from a to b,
use j=a..b,p or use the TI syntax j,a,b,p and get the sequence from the list with op(...).
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Examples

To create a sequence:
> seq(j~3,j,1..4)
or:

> seq(j~3,j=1..4)
or:

> (373)8(j=1..4)

1,8,27,64
To create a list:
> seq(j~3,j,1,4)
[1,8,27,64]
To create a sequence:
> seq(j~3,j=-1..4,2)
—1,1,27
To create a list:
> seq(j~3,j,-1,4,2)
[—1,1,27]
> seq(j~3,j,0,5,2)
[0, 8, 64]
> seq(j~3,j,5,0,-2)
or:
> seq(j~3,j,5,0,2)
[125,27,1]

> seq(j~3,j,1,3,0.5)
[1,3.375,8.0,15.625, 27.0]

> seq(j~3,j,1,3,1/2)

27 125
—, 8’ -
8 8
To create a list with several copies of the same element:
> seq(t,4)

1, 27

[t? t’ t? t]

To create a sequence with several copies of the same element:
> seq(t,k=1..4)

or:

> t$4

t ittt
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Examples of sequences being used

Find the third derivative of In(¢) (see Section 13.2.1, p. 277):
> diff (log(t),t$3)

> 1:=[[2,3],[5,1]1,[7,2]]
seq((1[k] [0])$(1[k][1]1),k=0..size(1)-1)

(2,2,2),(5),(7,7)
then:
> eval(ans())
2,2,2,5,7,7

Transform a string into a list of its characters:

> chn:="abracadbra":;
seq(chn[j],j,0,size(chn)-1)

Ua? WYY WY WL ? WL WL ? W 7 W WD WL WL
[“a”, “D”, “r” “a” “c”, “a” “d”, “a”, ‘b7, “r”, “a”

6.1.3 Length of a sequence or list

You can find the length of a sequence or list with any of the size, nops or length commands.
o Each of size, nops and length takes S, a sequence or list.

o Each of size(S), nops(S) and length(S) returns the length of L.

Examples

> nops(a,e,i,o,u)
or:
> size(a,e,i,o,u)
or:

> length(a,e,i,o,u)

)
> nops([3,4,2])
or:
> size([3,4,2])
or:
> length([3,4,2])
3
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6.1.4 Getting the first element of a sequence or list

The head command finds the first element of a sequence or list.
e head takes S, a sequence or list.

e head(S) returns the first element of S.

Examples

> head(A,B,C,D)

> head([0,1,2,3])

6.1.5 Getting a sequence or list without the first element
The tail command removes the first element of a list.
e tail takes L, a list.

e tail(L) returns L without its first element.

Example

> tail([0,1,2,3])
[1,2,3]

6.1.6 Getting an element of a sequence or a list

The elements of a sequence have indices beginning at 0 in XCAS mode and 1 in other modes (see
Section 2.5.2, p. 14).

You can get the an element of index n of a sequence or list by following the sequence or list with [n]
(see Section 3.2.4, p. 35).

(Note that head(S) does the same thing as S[0].)

Examples

> (0,3,2) [1]

3
> 8:=2,3,4,5:;
S[2]
4
> [A’B,C’D] [2]
C
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For lists, the at command can also be used to get the element at a specific position.
e at takes two arguments:
— L, a list.

— n, an integer.

e at(L,n) returns the element of S with index n.

Note. at cannot be used for sequences, since the second argument would be merged with the sequence.

Example

> [0,1,2][1]
or:
> at([0,1,2],1)

6.1.7 Finding a subsequence or a sublist

The bracket notation used to find elements of sequences and lists can also be used to extract a range of
elements. If S is a sequence or list of size n, then S[n;..n2] returns the subsequence or sublist of S
consisting of the elements with indices from nj to ng, where 0 < ny < ng < s (in XCAS syntax mode)
or 0 < nj; < ng < s in other syntax modes.
For lists, the at command can also be used to get a sublist.
e at takes two arguments:
— L, a list.
— n1..n9, a range of integers.

e at(L,ni..ng) returns the sublist of L consisting of the elements with indices from ny to ns.

Again, at cannot be used for sequences.
An alternative to using at for finding a sublist is the mid command, which again cannot be used for

sequences.

o mid takes two mandatory and one optional argument:
— L, a list.
— n, the index of the beginning of the sublist.
— Optionally, I, the length of the sublist.

e mid(L,n (,1)) returns the sublist of L with index beginning at n. With the option [, the length
of the sublist will be [, otherwise it will go to the end of the list L.

Examples

> [0,1,2,3,4]1[1..3]
[1,2,3]
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> (A,B,C,D,E)[1..3]

B,C,D
> at([1,2,3,4,5],2..4

[3,4,5]
> mid([0,1,2,3,4,5],2,3)

[2,3,4]
> mid([0,1,2,3,4,5],2)

[2,3,4, 5]

6.1.8 Concatenating sequences

The , operator is an infixed operator which concatenates two sequences. (Note that it does not
concatenate lists.)

Example

> A:=(1,2,3,4);
B:=(5,6,3,4);
A,B

1,2,3,4,5,6,3,4

6.1.9 The + operator applied on sequences and lists

The infixed operator +, with two sequences as arguments, returns the total sum of the elements of the
two sequences. This is different than with two lists as arguments, where the term by term sums of the
elements of the two lists would be returned. (See Section 8.3.1, p. 151.) To use it as a prefix, it has to
be quoted (’+?).

Examples

> (1,2,3,4,5,6)+(4,3,5)
or:
> '+'((1,2,3,4,5,6),(4,3,5))

33
> [1,2,3,4,5,6]1+[4,3,5]
or:
> '+'([1,2,3,4,5,6]1,[4,3,5])
[5,5,8,4,5,6]
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6.1.10 Transforming sequences into lists and lists into sequences

To transform a sequence into list, you can put square brackets ([]) around the sequence. The
makevector and nop commands have the same effect.

» makevector (or nop) takes S, a sequence.

o makevector(S) (or nop(S)) returns the list with the same elements as S in the same order.

The makesuite command transforms a list into a sequence. Note that op (see Section 8.2.3, p. 149)
can do the same thing.

o makesuite takes L, a list.

o makesuite (L) returns the sequence with the same elements as L and the same order.

Examples

> [seq(j~3,j=1..4)]

or:
> [(373)8(j=1..4)]
or:

> nop(j~3%$(j=1..4))
or:

> makevector(j~3$(j=1..4))

[1,8,27, 64]
> makesuite([0,1,2])
or:
> op([0,1,2])
0,1,2

6.2 Values of a sequence u,

6.2.1 Array of values of a sequence
The tablefunc command fills two columns of a spreadsheet with a table of values of a function. The
spreadsheet can be opened with Alt+T (see Section 2.10, p. 31).
e tablefunc takes four arguments:
— f(z), a formula for a function.
— x, the variable.
— xg, the beginning value of x.
— inc, an increment for x.

o tablefunc(f(x),x,xp,inc) fills two columns of the spreadsheet, the current column and the
following column, starting with the chosen cell. The current column starts with the variable x,
followed by the initial value xg, then zg+inc, g 4+ 2inc, .... The following column starts with
the formula f(z), followed by f(x) evaluated at the values in the first column. (If the current
cell is column C, row n, it will contain x, the cell below it will contain inc, and the cell below it

in row k will contain =C(k — 1)+C$(n + 1), and the corresponding cells in the next column will
contain =evalf (subst (D$n,C$n,Ck)).)
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Example

To display the values of the sequence u,, = sin(n), select a cell of a spreadsheet (for example C0) and
input tablefunc(sin(n),n,0,1) in the spreadsheet commandline. You get:

row | C | D
n | sin(n)
0 0.0
1 | 0.841470984808
2 | 0.909297426826
3 | 0.14112000806
4 | —0.756802495308

The graphic representation may be plotted with the plotfunc command (see 19.2.1).

6.2.2 Solving a recurrence relation or a system
The segsolve command finds the terms of a recurrence relation.
o segsolve takes three arguments:
— exprs, an expression or list of expressions that define the recurrence relation.
— wvars, a list of the variables used.

— a, the starting value.
e segsolve(exprs, vars,a) returns a formula for the nth term of the sequence.

For example, if a recurrence relation is defined by u,y1 = f(un,n) with uy = a, the arguments to
segsolve will be f(x,n), [z,n] and a. If the recurrence relation is defined by up+2 = g(un, upt1,n)
with up = a and u; = b, the arguments to seqsolve will be g(z,y,n), [z,y,n] and [a, b].

The recurrence relation must have a homogeneous linear part, the nonhomogeneous part must be a
linear combination of a polynomials in n times geometric terms in n.

The rsolve command is an alternate way to find the values of a recurrence relation. Note that
rsolve is more flexible than segsolve since:

e The sequence does not have to start with wug.

« The sequence can have several starting values, such as initial condition uZ = 1, which is why
rsolve returns a list.

e The notation for the recurrence relation is similar to how it is written in mathematics.

e rsolve takes three arguments:
— egns, an equation or list of equations that define the recurrence relation.
— fns, the function or list of functions (with their variables) used.
— startvals, the equation or list of equations for the starting values.

e rsolve(egns, fns, startvals) returns a list containing a formula for the nth term of the sequence.
(If there is more than one sequence, it will return a formula for each one.)

For example, if a recurrence relation is defined by un4+1 = f(un,n) with ug = a, the arguments to
rsolve will be u(n + 1) = f(u(n),n), u(n) and u(0) = a.

The recurrence relation must either be a homogeneous linear part with a nonhomogeneous part being
a linear combination of polynomials in n times geometric terms in n (such as u,11 = 2u, + n3"), or a
linear fractional transformation (such as up+1 = (up — 1)/ (u, — 2)).
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Examples

Find u,, given that u,4+1 = 2u, +n and ug = 3.

> seqgsolve(2x+n, [x,n],3)
—n—1+4.2"
Find u,, given that u,+1 = 2u, +n3" and ug = 3.
> seqgsolve(2x+n*3°n, [x,n],3)
(n—3)-3"+6-2"

Find u,, given that u,+1 = up + up—1, uo =0 and u; = 1.

> segsolve(x+y, [x,y,nl, [0,1])
(545" 4 (1) V55 () () 4 (5
20

) Va5 (%

ay

Find u, and vy, given that u,4+1 = up + 204, UVpy1 = up +n+ 1 with ug = 1,v9 = 1.
> segsolve([x+2*xy,n+1+x], [x,y,n], [0,1])

{—2n—(—1)”+4~2"—3 (—1)”+2-2"—1]

2 ’ 2
Find u,, given that u,+1 = 2u, +n and ug = 3.
> rsolve(u(n+1)=2%u(n)+n,u(n),u(0)=3)
[—n+4-2" —1]

Find u,, given that u, 1 = 2u, +n and u? = 1.
> rsolve(u(n+1)=2*%u(n)+n,u(n) ,u(l)"2=1)

3 1
- — 2" -1, — —.2" -1
n—i—2 , n+2

Note that there are two formulas, since the starting formula u? = 1 gives two possible starting values:
u1 = 1 and ug = 2.
Find u,, given that u,+1 = 2u, +n3" and ug = 3.

> rsolve(u(n+1)=2%u(n)+n*3°n,u(n) ,u(0)=3)
[n-3"+6-2" — 3.3
Find un, given that wni1 = (un — 1)/ (un — 2) and ug = 4.
> rsolve(u(n+1)=(u(n)-1)/(u(n)-2) ,u(n) ,u(0)=4)
(20v5 +60) (Y52 3) +60v/5 — 140]
40 (¥52)" + 205 - 60

Find u,, given that u,4+1 = up + up—1 with ug =0, vy = 1.
> rsolve(u(n+1)=u(n)+u(n-1),uln) ,u(0)=0,u(1)=1)

[_\/5 (—x/5+1>"+é\/5<\/5+1>”

5 2 2

76



6 Sequences, lists, and sets

Find u,, and v,, given that u,4+1 = un + vpn, Vnt1 = Up — vy With ug = 0 and vy = 1.
> rsolve([u(n+1)=u(n)+v(n),vn+1)=u@)-v(n)], [uln),v(n)], [u(0)=1, v(0)=1])

(e ) (7 R )

6.2.3 Table of values and graph of a recurrent sequence

The tableseq command fills a column of a spreadsheet with a recurrence relation. The spreadsheet
can be opened with Alt+T (see Section 2.10, p. 31).

tableseq takes three arguments, which can be different depending on how many terms are involved
in the recurrence relation.

For a one term recurrence relation, tableseq takes three arguments:
— f(z), a formula which defines the recurrence, through w,+1 = f(uy).
— x, the variable.

— g, the initial term of the sequence.

o tableseq(f(x),x,up) fills the current column of the spreadsheet, starting with the selected cell
(or cell 0 if the entire column is selected), with the formula f(x), the next cell with the variable
x, followed by the terms wug, uq, ... of the sequence. (If the current cell is column C, row n, these
latter cells will actually contain (if in row k) =evalf (subst (C$n,C$(n +1),C(k —1))), which
means if you change the value in one cell, the values in the later cells will change accordingly.)
See also Section 19.8.4, p. 487, for a graphic representation of a one-term recurrence sequence.

e More generally, for a recurrence relation where each term depends on the previous k terms,
tableseq takes three arguments:

— f(z1,22,...,x), a formula which defines the recurrence, through w, 1 = f(un, ..., Up_g).
— [x1,..., 2], a list of variables.
— [uo, ..., uk—1], a list of the beginning k terms.

o tableseq(f(z1,...,2k), [*1,...,2k], [Uo, ..., ug—1]) fills the current column of the spreadsheet,
starting with the selected cell (or cell O if the entire column is selected), with the formula
f(x1, 29, ... ,x1), followed by the variables x1,...,x, followed by the terms wg,uy, ... of the
sequence.

Examples

To display the values of the sequence ug = 3.5, u,+1 = sin(u, ), select a cell of the spreadsheet, say
BO, and input tableseq(sin(x),x,3.5) in the command line. By pressing Enter, The corresponding
column of the spreadsheet is filled with the recurrence relation and an initial portion of the sequence:

row | B

0 sin(z)

1 T

2 3.5

3 —0.35078322769
4 —0.343633444925
5 —0.336910330426
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To display the values of the Fibonacci sequence ug = 1,u1 = 1,...,Upt2 = Up + Un+1, select a cell,
say BO, and input tableseq(x+y, [x,y],[1,1]) in the commandline. You get:

row | B
r+y
x

ol | ||| o
N e i

6.3 Operations on lists

6.3.1 Sizes of lists within a list

Recall that one thing that distinguishes lists from sequences is that a list can be an element of another
list. The sizes command finds the length of elements of a list, as long as each element is a list.

e sizes takes L, a list each of whose elements is a list.

e sizes(L) returns the list of the lengths of the elements of L.

Example

> sizes([[3,4],[2]11)
[2,1]

6.3.2 Creating a list by using a function
The makelist command creates lists built from values of a function.

e makelist takes three mandatory arguments and one optional argument:
— f, a function (see Section 8.2.1, p. 148).
— a and b, two real numbers.

— Optionally p, a step size (by default 1 if b > a and —1 if b < a).
o makelist(f,a,b(,p)) returns the list [f(a), f(a + p),..., f(a + kp)] with k such that

a<a+kp<b<a+(k+1lp or a>a+kp>b>a-+ (k+1)p.

Examples

(In these examples, purge x if x is not symbolic.)
> makelist(x->x"2,3,5)
or:
> makelist(x->x"2,3,5,1)
or:
> h(x):=x"2:;
makelist(h,3,5,1)

(9,16, 25]
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> makelist (x->x2,3,6,2)

[9,25]
> makelist(4,1,3)

[4,4,4]

The above command line regards 4 as the constant function, and so creates a list with entries 4, from
integers 1 to 3. The command

> [4$3]

is an equivalent.

6.3.3 Creating a list with zeros

The newList makes a list of all zeros.
e newList takes n, a positive integer.

e newList(n) returns a list of n zeros.

Example

> newList(3)

[0,0,0]

6.3.4 Creating a list of integers

The range command creates lists of equally spaced numbers. It can take one, two or three arguments.

With one argument, range takes n, a positive integer.

range (n) returns the list [0,1,...,n — 1].

Alternatively, range takes two mandatory and one optional argument:
— a and b, two real numbers with a < b (unless the third argument p is provided and negative).

— Optionally, p, a nonzero real number used for the step size (by default 1). If p < 0, then a
must be larger than b.

range(a,b (,p)) returns the list [a,a + p,...] up to, but not including, b.

Examples

> range(5)
0,1,2,3,4]

> range(4,10)
[4,5,6,7,8,9]

> range(2.3,7.4)
[2.3,3.3,4.3,5.3,6.3,7.3]
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> range(4,13,2)

[4,6,8,10,12

> range(10,4,-1)

[10,9,8,7,6,5]
You can use the range command to create a list of values f(k), where k is an integer satisfying a
certain condition. (See Section 25.3.3, p. 658 for the for loop used below.)

You can list the values of an expression in a variable which goes over a range defined by range. For
example:

> [k~2+k for k in range(10)]

[0,2,6,12, 20, 30, 42, 56, 72, 90]

You can list the values of an expression in a variable which goes over a range defined by range and
which satisfies a given condition. For example:

> [k for k in range(4,10) if isprime(k)]
[5,7]
(See Section 7.1.14, p. 112 for isprime.)
> [k™2+k for k in range(1,10,2) if isprime(k)]
[12, 30, 56]

6.3.5 Selecting elements of a list

The select command selects elements of a list meeting the given conditions.

e select takes two arguments:
— f, a boolean function.

— L, a list.

o select(f, L) returns the sublist of L consisting of the elements ¢ such that f(c) returns true.

Example
> gselect (x->(x>=2),[0,1,2,3,1,5])

(2,3, 5]

6.3.6 Obtaining left and right portions of a list

The left and right commands find the left and right parts of a list. (See Section 5.2.4, p. 56,
Section 8.2.3, p. 149, Section 6.5.1, p. 98, Section 6.6.2, p. 100, Section 9.3.4, p. 183 and Section 9.3.5,
p. 183 for other uses of left and right.)
e left takes two arguments:
— L, a list.

— n, a positive integer.
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e left(L,n) returns the first n elements of L.
e right takes two arguments:
— L, a list.

— n, a positive integer.

e right(L,n) returns the last n elements of L.

Examples

> left([0,1,2,3,4,5,6,7,8],3)
[0,1,2]

> right([0,1,2,3,4,5,6,7,8],4)
[5,6,7,8]

6.3.7 Modifying the elements of a list
The subsop command can be used to modify elements in a list.
e subsop takes two arguments:
— L, a list.
— i=value, an index and a new value.

e (In all but MAPLE mode).

subsop (L, i=value) returns the list L with the value at index ¢ replaced by value.

o (In MAPLE mode; the only difference is the order of the arguments).

subsop (¢=value, L) returns the list L with the value at index i replaced by value.

Remark. If the second argument is ¢=NULL, then the element at index ¢ is removed from L.
You can also redefine elements (or define new elements, but not remove elements) with :

Examples

Input in XCAS mode, the index of the first element is 0:
> subsop([0,1,2],1=5)

or:

> L:=[0,1,2];L[1]:=5

[0,5,2]

Input in XcASs mode, the index of the first element is 0:
> subsop([0,1,2],'1=NULL")

[0, 2]
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Input in MUPAD or TT mode, the index of the first element is 1:
> subsop([0,1,2],2=5)

or:

> L:=[0,1,2];L[2] :=5

[0,5,2]
When using := to insert an element in a list, the list will be padded with zeros if necessary.
> L:=[]

then:
> L[3]:=5

[0,0,0,5]
In MAPLE mode the arguments are permuted and the index of the first element is 1.
> subsop(2=5,[0,1,2])

or:
> L:=[0,1,2];L[2] :=5

[0,5,2]

6.3.8 Removing elements from a list

Elements can be removed from a list by using either the suppress command (which removes a single
element) or the remove command (which removes all elements meeting a given conditions).

e suppress takes two arguments:
— L, a list.

— 4, a nonnegative integer.
o suppress(L, ) returns the list L with the element at index ¢ removed.

e remove takes two arguments:
— f, a boolean function.

— L, a list.
o remove(f, L) returns the sublist of L with the elements ¢ such that f(c)==true removed.
Examples
> suppress([3,4,2],1)
3,2]
> remove (x->(x>=2),[0,1,2,3,1,5])
[0,1,1]

You can use remove to remove characters from a string. For example, to remove all instances of a
given letter from a string, enter the following code in a program editor level (see Section 25.1.2, p. 646
for writing functions):
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f(s,c):={
local ordc,l,r,x,k;
ordc:=ord(c);
l:=length(s)-1;
purge (x,k) ;
r:=remove (x->(ord (x)==ordc) ,seq(s[k] ,k,0,1));
return char (ord(r));

3

Here s is the input string an c is the letter to be removed. Now, for example:

> f("abracadabra","a")

“bredbr”

6.3.9 Inserting an element into a list or a string

The insert command inserts elements into a list or string.

e insert takes three arguments:
— L, a list or a string.
— 1, an integer (the index).
— x, an object.
e insert(l,i,x) returns L with z inserted at index ¢ and the necessary elements shifted to the

right.

Examples

> insert([3,4,2],2,5)
[3’ 4’ 5’ 2]

> insert("342",2,"5")
“3452”
insert returns an error if the index is too large.
> insert([3,4,2],4,5)
insert([3,4,2],4,5)

Error: Invalid dimension

6.3.10 Appending an element at the end of a list

The append command adds an element to the end of a list.

e append takes two arguments:
— L, a list.

— x, an object.

o append (L, x) returns a list L with the additional element = at the end.
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Examples

> append([3,4,2],1)
3,4,2,1]

> append([1,2],[3,4])
[1,2,[3,4]

6.3.11 Prepending an element at the beginning of a list

The prepend command adds an element to the beginning of a list.

e prepend takes two arguments:
— x, an object.

— L, a list.

o prepend(xz, L) returns a list containing = as the first element followed by the elements of L.

Examples

> prepend([3,4,2],1)
[1,3,4,2]

> prepend([1,2],[3,4]1)
[[3? 4] ) 172]

6.3.12 Concatenating two lists or a list and an element

The concat or augment command combines to lists or adds an element to a list.
o concat takes two arguments: L; and Lo, two lists or a list and an element (in any order).

o concat(Li, Lo) returns a list consisting of the elements of L; (or L; itself if it is not a list)
followed by the elements of Ly (or Lo itself).

Examples

> concat([3,4,2],[1,2,4])
or:
> augment([3,4,2],[1,2,4])

3,4,2,1,2, 4]
> concat([3,4,2],5)
or:
> augment ([3,4,2],5)
3,4,2,5]
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> concat(2,[5,4,3])
or:
> augment (2, [5,4,3])

(2,5,4,3]
> concat([[3,4,2]1]1,[[1,2,4]1]1)

or:
> augment ([[3,4,211,[[1,2,4]11)

342 1 2 4

6.3.13 Flattening a list

The flatten command replaces any sublists of a list by their elements.
e flatten takes L, a list.

o flatten(L) returns a list which is the result of recursively replacing any elements that are lists
by the elements, resulting in a list with no lists as elements.

Example

> flatten([[1,[2,3],4],[5,6]1]1)
[1,2,3,4,5,6]

Remark. If the original list is a matrix, you can also use the mat2list command for this (see
Section 6.3.33, p. 95).

6.3.14 Reversing order in a list

The revlist command reverses the elements of a list or sequence.
e revlist takes L, a list or sequence.

o revlist(L) returns a list or sequence with the same elements as L in the reverse order.

Examples

> revlist([0,1,2,3,4])
[4,3,2,1,0]

> revlist([0,1,2,3,4],3)
3,[0,1,2,3,4]
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6.3.15 Rotating a list

The rotate command rotates a list; namely it moves elements from one side and puts them on the
other.

e rotate takes one mandatory argument and one optional argument:
— L, a list.
— Optionally, n, an integer (by default n = —1).

e rotate(L) returns the list formed by rotating L n places to the left if n > 0 or —n places to the
right if n < 0. Elements leaving the list from one side come back on the other side. By default
n = —1 and the last element becomes the first.

Examples

> rotate([0,1,2,3,4])

[4,0,1,2,3]
> rotate([0,1,2,3,4],2)

(2,3,4,0,1]
> rotate([0,1,2,3,4],-2)

[3,4,0,1,2]

6.3.16 Shifting the elements of a list

The shift command shifts the elements of a list.

o shift takes one mandatory argument and one optional argument:
— L, a list.
— Optionally, n, an integer (by default n = —1).

e shift (L) returns the list formed by shifting the elements of L n places to the left if n > 0 or —n
places to the right if n < 0. Elements leaving the list from one side are replaced by zeros on the
other side.

Examples

> shift([0,1,2,3,4])

[0,0,1,2,3]
> shift([0,1,2,3,4],2)

2,3,4,0,0]
> shift([0,1,2,3,4],-2)

0,0,0,1,2]
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6.3.17 Sorting

The sort command sorts lists and expression in various ways.
e sort takes one mandatory argument and one optional argument:
— L, a list or expression.
— Optionally, f, a boolean function of two variables (by default, f if the function (x,y) ->
x<=y).
o sort(L, f) (for a list L) returns a copy of L sorted according to the order given by f. By default,
this means that it will be sorted in increasing order.
o sort(L, f) (for an expression L) returns a copy of L with the terms in sums and products
collected and sorted.

Note that using (x,y)->x>=y for f will to sort the list in decreasing order. This may also be used to
sort a list of lists (that sort with one argument does not know how to sort).

Examples

> sort([3,4,2])

(2,3, 4]
> sort (exp(2*1n(x))+x*y-x+y*x+2%x)
2xy + €27 4 g
> simplify (exp(2*1n(x))+x*y-x+y*x+2%X)
m2+%y+x
> sort([3,4,2], (x,y)->x>=y)
[4,3,2]

6.3.18 Sorting a list by increasing order

The SortA command sorts a list or a matrix in increasing order.

e SortA takes L, a list.

o If L is not a matrix, then SortA(L) returns a copy of L with the elements in increasing order (if
L is not a matrix).

e If L is a matrix, then SortA(L) returns a copy of L with columns sorted according to increasing
order in the first row.

Examples

> SortA([3,4,2])

> SortA([[3,4,2],[6,4,511)

87



6 Sequences, lists, and sets

6.3.19 Sorting a list by decreasing order

The SortD command sorts a list or a matrix in decreasing order.
e SortD takes L, a list.
e If L is not a matrix, then SortA(L) returns a copy of L with the elements in decreasing order.
o If L is a matrix, then SortA(L) returns a copy of L with columns sorted according to decreasing

order in the first row.

Examples

> SortD([3,4,2])

> SortD([[3,4,2],[6,4,511)

6.3.20 Sorting by a permutation

The sortperm command returns the permutation which sorts the given list in ascending order or the
list sorted by the given permutation.

e sortperm takes one or two arguments:
— V, a nonempty list.

— P, a permutation (optional).

o If called with one argument, sortperm returns the permutation which sorts the list V' in ascending
order. If called with two arguments, it returns a copy of V sorted according to P.

e sortperm is useful when several lists of equal lengths need to be sorted in the same order. Sorting

by permutation is optimally efficient.

Examples

> V:=[30,25,40,10,20]; P:=sortperm(V)
[3,4,1,0,2]

> S:=["ab","cd","ad","bc","de"]; sortperm(S,P)

[GCbC”’ (Lde”’ “Cd”’ 4Lab777 ((ad”]

6.3.21 Counting elements equal to a given value
The count_eq command counts the number of elements of a list equal to a given value.

e count_ eq takes two arguments:
— x, a real number.

— L, a list or matrix of real numbers.

e count_eq(z, L) returns the number of elements of L which are equal to z.
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Example

> count_eq(12,[2,12,45,3,7,78])

6.3.22 Counting elements smaller than a given value

The count_inf command counts the number of elements of a list strictly less than a given value.

e count_ inf takes two arguments:
— x, a real number.

— L, a list or matrix of real numbers.

e count_inf (z, L) returns the number of elements of L which are strictly less than x.

Example

> count_inf (12, [2,12,45,3,7,78])

6.3.23 Counting elements greater than a given value

The count_sup command counts the number of elements of a list strictly greater than a given value.

e count_ sup takes two arguments:
— x, a real number.

— L, a list or matrix of real numbers.

e count_sup(z, L) returns the number of elements of L which are strictly greater than x.

Example

> count_sup(12,[2,12,45,3,7,78])

6.3.24 Sum of elements of a list

The sum or add command adds the elements of a list or sequence of numbers.
o sum takes L, a list or sequence of numbers.

e sum(L) returns the sum of the elements of L.

Example

> sum(2,3,4,5,6)
20
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6.3.25 Sum of list (or matrix) elements transformed by a function

The count command adds the values of a function applied to the elements of a list or matrix.

e count takes two arguments:
— f, a real-valued or boolean-valued function.

— L, a list or a matrix.
o count(f, L) returns the sum of f(x) for all elements x in L.
If f is a boolean-valued function, this is just the number of elements for which the boolean is true.
Examples

> count ((x)->x,[2,12,45,3,7,78])

147
because 2 +12 +45+3 + 7+ 78 = 147.
> count ((x)->x<12,[2,12,45,3,7,78])
3
> count ((x)->x==12,[2,12,45,3,7,78])
1
> count ((x)->x>12,[2,12,45,3,7,78])
2
> count (x->x~2,[3,5,1])
35
Indeed, 32 + 52 + 1! = 35.
> count(id, [3,5,11)
9

Indeed, id is the identity functions and 34+ 5+ 1 =9.
> count(1,[3,5,1])

3

Indeed, 1 is the constant function equal to 1 and 1+ 1+ 1 = 3.

6.3.26 Cumulated sum of the elements of a list

The cumSum command finds the partial sums of a list or sequence.
e cumSum takes L, a list or sequence of numbers or of strings.

e cumSum (L) returns the list or sequence with same length as L and whose kth element is the sum
or concatenation of elements 0 through & of L.
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Examples
> cumSum(sqrt(2),3,4,5,6)
V2,V2 43, V2 +34+4,V2+34+4+5V2+3+4+5+6

> normal (cumSum(sqrt(2),3,4,5,6))

V2,V2+3,V24+7,vV2+12,V2+ 18

> cumSum(1.2,3,4.5,6)
1.2,4.2,8.7,14.7

> cumSum([0,1,2,3,4])
[0,1,3,6,10]

> Cumsum(uan s llbll s "C" s Ildll)

Lta77’ ttab”’ MabC”’ Céa’bcd”

> Cumsum( [nan s "ab" s llabcll s Ilabcdll] )

[“a”, “aab”, “aababc”, “aababcabed”]

6.3.27 Products

The product command can find the products of elements of an expression (see Section 6.3.27, p. 91), the
elements of a list (see Section 6.3.27, p. 92), the elements of the columns of a matrix (see Section 14.3.6,
p. 342), and the term-by-term (Hadamard) product of two matrices (see Section 14.3.8, p. 343).

Product of values of an expression. The product or mul command can find the product of the values
of an expression as the variable changes.
e product takes four mandatory arguments and one optional argument:
— expr, an expression.
— 1z, the name of a variable.
— a and b, real numbers.
— Optionally p, a real number representing a step size. (By default p = 1).
o product (exprz,a,b(p)) returns the product of the values of expr as x goes from a to b in steps
of p.
This syntax is for compatibility with MAPLE.

Examples

> product(x~2+1,x,1,4)
or:
> mul(x~2+1,x,1,4)

1700
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Indeed, (1% 4+ 1)(22 4+ 1)(32 + 1)(4% + 1) = 1700.
> product(x~2+1,x,1,5,2)

or:

> mul(x~2+1,x,1,5,2)

520

Indeed, (12 +1)(32 4+ 1)(5% + 1) = 520.
Product of elements of a list. The product or mul command can find the products of elements of a
list.

e product takes one mandatory and one optional argument:
— L, a list of numbers.

— Optionally, Lo, another list of numbers the same length as L.
e product (L) returns the product of the elements of L.
e product (L, Lo) returns the term by term product of the elements of L and Ls.

(See also Section 14.3.8, p. 343.)

Examples

> product([2,3,4])
or:
> mul([2,3,4])

24
> product([[2,3,4],[5,6,711)
[10, 18, 28]
> product([2,3,4],[5,6,7])
or:
> mul([2,3,4]1,[5,6,71)
10, 18, 28]

6.3.28 Applying a function of one variable to the elements of a list

The apply and map commands can both apply a function to a list of elements, but take arguments
in different orders (that is required for compatibility reasons). The apply command also works on
matrices (see Section 14.2.6, p. 340) and the map command also works on polynomials in internal sparse
format (see Section 11.1.3, p. 211).

o apply takes two arguments:
— f, a function.

— L, a list.

o apply(f, L) returns a list whose elements are f(z) for the elements z of L.
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Note that apply returns a list ([]) even if the second argument is not a list.

o map takes two arguments:
— L, a list or a polynomial in internal format (see Section 11.1.2; p. 211).

— f, a function.

o map(L, f) returns a list whose elements are f(x) for the elements x of L.

Examples

> apply(x->sqrt(x),[16,9,4,1])
or:
> map([16,9,4,1] ,x->sqrt(x))

[4,3,2,1]

> apply (x->x72, [3,5,1])

or:

> map([3,5,1],x->x72)

(or first define the function h(z) = x2.)
> h(x):=x"2

then:

> apply(h, [3,5,1])

or:

> map([3,5,1],h)

(9,25, 1]

Define the function g(z) = [z, 22, 23].
> gi=(x)->[x,x72,x73]
then:
> apply(g,[3,5,1])
or:
> map([3,5,1],g)
39 27

5 25 125
1 1 1

Remark. If x is not a symbol, then it needs to be purged. Note that if Ly, Lo and Lg are lists, then
sizes([Lq, Lo, L3]) is equivalent to map(size, [Ly, Lo, L3]).

6.3.29 Applying a bivariate function to the elements of two lists

The zip command applies a bivariate function to the elements of two lists.

o zip takes three arguments:

— f, a function of two variables.
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— Ly and Lo, two lists of the same size n.
e zip(f, L1, Ly) returns a list of size n whose kth element is f applied to the kth elements of L
and Lo.

Examples

> Zip('sum' > [a,b,c,d] ) [1,2:3:4])

[a+1,b+2,c+3,d+ 4]

> zip((x,y)->x"2+y~2, [4,2,1],[3,5,1])
or:
> fi=(x,y)->x"2+y"2:;

zip(f, [4,2,1],[3,5,11)

(25,29, 2]
> fi=(x,y)->[x"2+y"2,x+y] :;
zip(£, [4,2,1],[3,5,1])
25 7
29 7
2 2

6.3.30 Folding sequences

The foldl (left-fold) and foldr (right-fold) commands take an infixed operator or function of two
variables and apply them across a sequence of inputs through left and right association.

foldl takes a sequence of arguments:

— R, an infixed operator or function of two variables.
— 1, an initial value.

- ai,as,...,a, an arbitrary number of additional arguments.

foldl(R,I,ay,...,a;) returns R(... R(R(I,a1),a2)...,ax).

o foldr takes a sequence of arguments:
— R, an infixed operator or function of two variables.
— 1, an initial value.

— a1,as,...,a;, an arbitrary number of additional arguments.

foldr(R,I,ay,as,...,a;) returns R(a,...(R(a1, R(ag,... R(ax_1, R(ax, I)))).

Examples

> foldl('~',2,3,5)
32768
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which is equal to 2(35).
> foldr('~',2,3,5)

847288609443
which is equal to 3(5%).

6.3.31 List of differences of consecutive terms
The deltalist command finds lists of differences.
e deltalist takes L, a list.

e deltalist (L) returns the list of the difference of all pairs of consecutive terms of L.

Example
> deltalist([5,8,1,9])

[3,—7,8]

6.3.32 Creating a matrix from a list
The listmat command turns a list into a matrix by chopping up the list into separate rows.

e list2mat takes two arguments:
— L, a list.

— p, a postive integer.

e list2mat (L, p) returns the matrix whose first row consists of the first p elements of L, whose
next row consists of the next p elements of L, etc. If there are not enough elements to fill up a
row, zeros are added.

Examples

> list2mat([5,8,1,9,5,6],2)

Ut = Ot
S © o

> list2mat([5,8,1,9],3)

6.3.33 Creating a list from a matrix

The mat2list flattens a matrix into a list. (See also Section 6.3.13, p. 85.)
e mat2list takes A, a matrix.

e mat2list (A) returns the list of the coefficients of A.
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Example

> mat2list([[5,8],[1,9]11)
[5,8,1,9]

6.4 Operations on sets and lists

6.4.1 Defining sets

Sets and lists are both collections of elements, and so have some operations in common. But lists are
different from sets, because for a list, the order is important and the same element can be repeated
in a list, while for sets order in not important and each element is unique. See Section 6.3, p. 78 for
operations on lists.

Recall (see Section 3.2.2, p. 34) that to define a set of elements, you can put the elements, separated
by commas, within delimiters %{ and %} or set[ and ].

Also, (see Section 3.2.3, p. 35) to define a list of elements, you can put the elements, separated by
commas, within delimiters [ and ]. Lists are also called vectors.

Examples

> set[1,2,3,4]
or:

>

[1,2,3,4]

> [1,2,5]
[1,2,5]

6.4.2 Testing if a value is in a list or a set
The member and contains commands determine whether or not an object is in a list; the difference

between them is the order of the arguments (required for compatibility reasons).

o member takes two arguments:
— ¢, a value.
— L, a list or a set.

e member (¢, L) returns 0 if ¢ is not an element of L and otherwise returns n if ¢ is in L and its first
position has index n — 1. 0 if ¢ is not in L.

e contains takes two arguments:
— L, a list or a set.

— ¢, a value.

e contains (L, ) returns O if ¢ is not an element of L and otherwise returns n if ¢ is in L and its
first position has index n — 1. 0 if ¢ is not in L.
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Examples

> member(2,[0,1,2,3,4,2])

or:

> member(2,%{0,1,2,3,4,2%})
or:

> contains([0,1,2,3,4,2],2)
or:

> contains(%{0,1,2,3,4,2%},2)

6.4.3 Union of two sets or of two lists

The union operator is an infixed operator that finds the union of the elements of two sets or lists; the
result will always be a set.

Examples

> set[1,2,3,4] union set[5,6,3,4]

or:
>

[1,2,3,4,5,6]
> [1,2,3] union [2,5,6]

[1,2,3,5,6]

6.4.4 Intersection of two sets or of two lists

The intersect operator is an infixed operator that finds the intersection of the elements of two sets or
lists; the result will always be a set.

Examples

> set[1,2,3,4] intersect set[5,6,3,4]
or:

>

or:
> [1,2,3,4] intersect [5,6,3,4]

[3,4]

6.4.5 Difference of two sets or of two lists

The minus operator is an infixed operator that finds the set difference of the elements of two sets or
lists; the result will always be a set.

97



6 Sequences, lists, and sets

Examples

> set[1,2,3,4] minus set[5,6,3,4]
or:
>

or:
> [1,2,3,4] minus [5,6,3,4]

[1,2]

6.4.6 Cartesian products

Defining an n-tuple. To define an n-tuple (rather than a list of n objects), you can put the elements,
separated by commas, inside the delimiters tuple[ and ]. For example:

> set[tuplel1,3,4],tuple[1,3,5],tuplel[2,3,4]]

[tuple[1,3,4],tuple[1, 3, 5], tuple [2, 3, 4]]

The Cartesian product of two sets. You can compute the Cartesian product of two sets with the
infixed * operator. For example:

> set[1,2]*set[3,4]
[tuple[1, 3], tuple[1, 4], tuple[2, 3], tuple|[2, 4]]

> set[1,2]*set[3,4]*set[5,6]

[tuple[1, 3, 5], tuple[1, 3, 6], tuple[1, 4, 5], tuple[1, 4, 6], tuple[2, 3, 5], tuple[2, 3, 6], tuple[2, 4, 5], tuple[2, 4, 6]]

6.5 Ranges of values

6.5.1 Definition of a range of values

The .. is an infixed operator which sets a range of values; given two real numbers a and b, the range
of values between them is denoted a. .b.

Remark. Note that the order of the boundaries of the range is significant. For example, if you input
> B:=2..3; C:=3..2

then B and C are not equal; B==C returns 0.

Examples
>1..4
1.4
> 1.2..s8qrt(2)
1.2.7/2
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Remark. Since .. is an operator, the parts of an expression can be picked out of it (see Section 8.2.3,
p. 149). In particular, the left and right commands find the left and right endpoints of a range (see
Section 5.2.4, p. 56, Section 8.2.3, p. 149, Section 6.6.2, p. 100, Section 6.3.6, p. 80, Section 9.3.4, p. 183
and Section 9.3.5, p. 183