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Lecture 1. Basics of Maple

Getting to know Maple. Document Mode and Worksheet
Mode. Math Mode and Text Mode

Maple command syntax . Basic objects and data types.
Expression evaluation operations.
Expression transformation commands

Nasedkina A. A.




Getting to Know Maple

What is Maple?

User interface:
»Document Mode
» Worksheet Mode
Input modes and their features
» Text Mode
»Math Mode
Switching interface modes
Using Help




: * Maple?

e Computer Algebra Package, Environment for

What is Maple?

exact and approximate calculations

e Environment for symbolic (analytical) calculations , with
tools for approximate calculations (numerical solution of
algebraic and differential equations, calculation of
derivative and integrals, solving problems of linear algebra,
statistics, etc.)

e Advanced graphics, visualization
e A programming language resembling Pascal

Developer: Waterloo Maple Inc. ( concept: University of
Waterloo, Waterloo, Ontario, Canada, 1980)

Website: maplesoft.com




Maple today

e www.maplesoft.com
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Maplesoft

Mathematics-based software & services for education, engineering, and
research

@ MATH AND MATH-BASED RESEARCH

8 ENGINEERING
Essential tools for any research that involves mathematics, in math,
engineering, physics, computing, chemistry, and more

© Maple Research

Software and services for system simulation, virtual commissioning

7= MATH EDUCATION
engineering calculations and systems engineering

Online, mobile and desktop tools for teaching and learning math, from
high school to graduate school
© MapleSim © Maple Flow © Maple Professional © MapleMBSE
© Maple Flow Academic

© Maplesoft Mathematics Suite Overview
© Maple Learn © Maple Calculator © Maple Academic @ Maple for Students
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Maple

e Firstrelease: Maple 1.0 (1982)

e Nextreleases: Maple 2-18 (1982-2014) , then Maple 2015 and further
version names by year

e Latestversion: Maple 2026

e There are professional, academic, student and other versions (all paid,
commercial software)

% Maple ~'¢ MapleSim
Powerful math software that is easy to use Advanced System Level Modeling
= Maple for Academic = MapleSim

s pAaplesim for Digital Twins

= [Maple for Students

* MapleSim for Education 5,‘-2’ MapIESIm Add-Ons

= Maple Learn

» iaple Calculator App + Add-on Libraries and Connectors
» Maple for Industry and Government * Maple Add-Ons * Maplesim Explorer
= hMaple Flow * Maplesim Insight
pi= o » E-Books & Study Guides for Students
= Maple for Individuals « Maple Toolboxes
* MapleMet

* Free Maple Player

)
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Version of Maple in our Institute M”']le

ey
e QOur license: Maple 11.0 (2007) ‘1' N
Maple 11.0 Features
e You can enter mathematical expressions using standard notations

\
\

e There are interfaces to C, C#, Fortran, Java, Matlab , VisualBasic, and
Excel.

e The functionality is provided by libraries
Working with Maple 11

e Maple 11 is installed in many computer classes in our Instigute (LOS-1-
2,a.101,102, 118, 202, etc.)

e Maple 11 can be accessed through SFedU Remote Applications
https://rdf01.sfedu.ru/RDWeb/Pages/en-US /login.aspx

Y = . - . i (& 2% h :/foutlook.office365. Jmail/
@sfedu.ru email inbox in Outlook, clicking iposiorenes R e

on the dotted icon (application launcher) in 2 LY outlook Q Momex

the upper left corner and selecting SFedU )

Applications, entering your SFedU account

login and password. ol ] T P
Team

OneDrive

Microsoft 365 Excel MpunoxeHna

k KoY

o




Key Features and Capabilities of Maple 11
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4 N
Interface modes in Maple

Document Mode Worksheet Mode
* A mode for creating e Maple's traditional command-
documents with line interface
mathematical calculations e There is a command line
e Hides all commands used to symbol: execution group [>
perform calculations. o All command syntax is
e Knowledge of Maple syntax is displayed.
not required. | HaliTH OpOH3BOAHYIO B TOHMKE X—3
P ln(.x2 — 4]
n(x*—4) (1)
{ Haittn IPOHZEOOHYIO B TOUKE X—=3 ” dgﬁr[(l)’; ) -
=7 g differentiate wrt = d 2)
lﬂ(I - 4] ) IE — 4
2 x evaluate at point 6 = T
> » 5 = eval( (2), [x=3]) oo

A x5 =4 6

i R )
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Entering mathematical expressions  7es
e Input modes: Text Mode and Math Mode (switch - [F5])

e Math mode : for entering mathematical expressions in the style of
"two-dimensional mathematics” 2D Math: 1 3 5

i R S
23 L

e Text Mode : in the Document Mode interface - for entering text
comments, in the Worksheet Mode interface - for entering
mathematical expressions in the 1D Math style: 1/2+3/5, x~2, a 1

2D-Math
e Navigation by expression - using buttons

e Use buttons to navigate through entering rational fractions or
powers [—11—11T11}1

e The multiplication sign * can be omitted in cases multiplying a
number by a variable 2 x or avariable by a variable (a space is
placed between the variable names): x v

-

)
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Expressions

File Edit Wiew Insert
E2EBSa X

P Favorites

P Handwriking

= Expression

P Units (FPS)

P Components

P Drawing Properties

P Canvvas Properties

J J
J J
J J
J J
J J
| P> Comman Symbols |
J J
J J
J J
J J
J J

-

) 8 ) T
sm[ 3 } + u:os[ 4]

1.9
J‘ .T:sin(.r?'+1] dx
0

Using Pallets to Enter Complex Mathematical

¥ Common Symbals
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Additional features for entering and calculating
mathematical expressions

Calling the context menu X .

ut Ctrl +3
e Right mouse button Copy Cirl+C

Copy full precision
Paste Ctrl+%

. Evaluate

Automatlc Evaluate and Display Inline Ctrl+=

. Applya C d
command completion e \
Complex Maps 4
° [Ctrl] + [Space] Integer Functions 4
Units 4

Help on Command
2-0 Math »

Execution buttons
e Execute calculations for the selected rows or the current row: [

e Execute calculations for the entire document: W

-
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Document Mode

e File->New->Document Mode
e Enabling document block markers View->Mar] ><s
Text Mode input mode

e Vertical cursor in a document block =

e For plain text input, mathematical expressions are not calculated.

Math Drawing Plot Animation

i C Text w | | Times Mew Roman w12 )
o _ N = oy =

> Bro xomMenTapuii: 2/3+n

Math Mode input mode

¢ Italic cursor in a document block |2
xz

e Inputin 2D-Math forn|_.

e Using the context menu, all commands are hidden, only the result is

shown T’ solve e

xz—l-?x—i- 10— {x= -2}, {x=-—5)}

-




4 Document Mode interface mode :
expression evaluation

Display result in the same line
o [Ctrl] + [=]

e Context menu: Evaluate and Display Inline

| @ T — :
sm[?] + I'CDE.[I] — é ﬁ+ é lﬁ

Displays result on the next line and centered
e |Enter]

e Context menu: Evaluate
T

J sin(x) dx

0
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Worksheet Mode

e File->New->Worksheet Mode

Both text input modes - Math and Text - are used to enter
mathematical expressions and Maple commands.

e Math - input in 2D-Math notation 1 n i} sqrt(2)

p 5

e Text - input in 1D-Math notation 1/2+3/5, x*2, a 1

Entering text comments : T

Insert workgroup : [*

Separation of teams from each other - ; or:

bc’ZTP JEE @@=

" ;{

Text Drawing Plot

Animatio‘

':\. L 2D Input Vz:' ':\. Times Mew Roman

-
v

> 4 Tx+10=0

;PE:IJ.IHM ypapHeHHe X 2+ 7x+10=0

Suppressing output to the screen - a colon at the end of the

command

> 243
> 24 3:sqrt(2); evalf(mw, 3)

J2

3.14

O
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-

Math Mode input mode in Worksheet Mode

e Tilted cursor in execution group [> |

Entering expressions in 2D-Math

Text Dra

( C 2D Input )

IB
- R
2

Executing commands - by pressing [Enter]

> A+ Tx+ 10
> solve( {x"2+ T7*x+ 10=01})
iIx=—2} {x=-—35)

—

;;;;;;;;;

Obtain Solutions for
Solve
Sobve for Variable

The context menu can be called both for the entered expression

and for the result.

O




: Text Mode in Worksheet Mode A

e 0Old Maple style
e Vertical cursor in the execution group [> |

e Entering expressions in the form 1 D-Math, the entered expression
must end with a semicolon or colon

Math Drawing Plot Animation Hidi
-::_ [ Maple Input V;:' '::_Munospaced V;:' '::_ 1z V;:' E I u E=— lﬂ; @ = EE
> x"2/3;
<5 W
> 243
Warning, inserted missing semicolon at end of statement
3 (2)
e The context menu can only be called for the result!
> x"2+7*x+10 =0, _
2 Simplify 5
& + T & + ]-D = I:' (2) Solve » Isolate Expression for ¥
B Test Relation MNumerically Solve
:} .S'ls'.':-r-‘l--FEE| [ { (2) } ] Conversions . Mumerically Solve from point
_ — _ - QObtain Solutions for >
B {I_ _2}:- {I_ 5} (3) Plots Solve
— 2-D Math > Solve for Variable >

)
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Switching between interface modes

e In Document Mode, you can show hidden commands:

View -> Expand Document Block:

Document Mode

X2 —25=0-2 (x=5), (x=-5]

Worksheet Mode
> x2 4+ -25=0
x> —25=0 )
solve
> solve( { (1) })
{x=5}, {x=-5} (2)

e In Worksheet Mode, you can hide all commands and show only the
result: View -> Collapse Execution Group

Worksheet Mode Document Mode
)| , [ 1
1
expr =7 R+ 1] IN 2.047197551
2.04719755

O
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Combining different interface modes

 From Document Mode to Worksheet Mode
1. Inserting an execution group using a button [>

2. Inserting an execution group before or after the cursor, using the
correct menu: Insert -> Execution Group -> Before / After Cursor

e From Worksheet Mode to Document Mode

Format -> Create Document Block

Format -> Remove Document Block

e Deleting a workgroup element or document block

Edit -> Delete Element or the keyboard shortcut [Ctrl|+[Del]

Pesxum uaTepdeiica Document Mode Pesxum uaTepdeiica Worksheet Mode
Pabouas rpyma B JOKYMEHTHOM OJIOKE JIOKyMEHTHEIH OJIOK Tocie padoueif rPpyIIEL
v£_25=gﬂ,{x=5;,4x=_5; > solve(x + 5=10); .
o | 5 (1)
> evalf [ E] M 20 digi
t
4 e 1 0471975511965977462
0.7853981635 (1) a3

O
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Using the Maple Help System e

e [F1] - Quick Help e e
aple He Ctrl+F1

* :FZ] - Command help r:14ﬂ|.£.:f.:.lp-;}li: Ctr+F2

Interactive

e [Ctrl]+[F1] - opens the help system
e [Ctrl]+[F 2 ] - Quick Reference
Maple Quick Reference Card

Windows® version

IoCuments

P Document Mode vs. Worksheet Mode

V¥ common Operations Available in Both Document and Worksheet Modes

Dizplay quick help [F1] for Quick Help. [Ctxl] [F2] for Quick Eeference Card (this gmde)
Eefer to previous rezult using equation numbers [Ctrl] [L] then enter equation mumber it dialog

Eecompute calculations within a highlighted selection o chain of cotnmands | ontoolbar

Eecompute all calculations in a decument I ontoolbar

Symbol selection, e.g. e (epsilon) Enter leading characters [Ctxrl] [Spacel.eg eps[Ctrl] [Spacel
Cotnmand cotnpletion, e.g. Lambert "W function Enter leading characters [Ctrl] [Space],eg Lamb [Ctrl] [Spacel]
Performm context operation on math expression Right-click any math expression

Insert prompt [» ontoolbar

Insert text paragraph T ontoolbar

K P 2-D Math Editing Operations, Keyboard Shortcuts, and Operations (Details)




Maple

Command syntax

Using command packages
restart command

Operators :=, #, %

Numbering and links to results




. Maple

e Top-level commands are available directly
» command(argl,arg2,...);
> diff( tan(x) sin(x) , x)

(l + Lan(x}z) sin(x) 4+ tan(x) cos(x)
e Commands from packages require the use of specific package:

> package[command](argl,arg2,...);
» with(package): command(argl,arg2,...);

Komania cozanus eZIHHHYHOH MaTpHIbI H3 nakeTa LinearAlgebra
> Lineardlgebra| dentityMatrix |(2);

o
o

:‘.‘::- with( Lineardlgebra) .
> IdentityMatrin(2)
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Maple Syntax : Using Command Packages

e Enabling the use of a package
> with(package):
command(argl,arg2,...);

> with(Optimization):

sin(x)

> NLPth’e( 5

,.1'=I..15J

1-0.0913252028230576718, [ x=10.9041216700744900 | |
e Disabling a package
unwith (package):

> unwith( Optimization):
e An example where disabling a package is required: there are two

identical changecoords commands - top-level and in the plots
package

)




. Important operators

e Assignment operator :=
e restart command clears memory.
e Comment mark # (ignoring input to the end of the line)

e (Calling the previous result %
> pre-previous - and pre-previous result % % And %%%

> og =2
a =2
> a4+ 3
5
= pestart, a
a
| > b= 1: =7
> aga=hb+4c
a=1+4+¢
= %2 —=3
-2+
= 95%p%p — 2%
k 33—
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Numbering and labels to results

e All calculation results are numbered (both in Worksheet Mode
and Document Mode) and can be referenced.

_2} Jsz' (x) dx

-cos(x)

> J(l) dx

-sin(x)

e Insert->Label or [Ctrl]+[L]

 [f the numbering is not displayed:

(1)

(2)

Tools->Options->Display->Show equation labels

-

™~




Basic objects, types of calculations and
data types in Maple

Maple's

»Numbers

» Constants

» Symbolic objects (names)
» Variables

Types of calculations

Basic data types




e

Main objects in Maple

e The simplest objects in Maple are:

> Numbers

» Constants

> Symbolic objects ( names )
> Variables

Simple Maple objects can be used to form expressions
Maple, using signs of mathematical operations
(mathematical expressions), logical operations (logical
expressions), etc.

O




4 I
Numbers

o lleanle (integers)
[Ipumep: 3, —100

e PamuoHAJIBHBIC (0OBLIKHOBEHHBIE JPoOH)

Maple 2D-Math: > %

Maple 1D-Math: > 2/3;

o IppaumnoHaibHbIe (PATHKAJLI)
Maple 2D-Math: > /2 123
J2
123"
Maple 1D-Math: > sqrt(2) ; 1237(1/3);

e KomILieKcHBIE
Maple 2D-Math: > 2 + 3.1
Maple 1D-Math: > 2+3%*I;
e iicuaa ¢ maaparwineil Toukoil (floating-p oint)
3agaroTCcd B BH/IE LIeOH H IpoOHOH YacTeH, pa3AeIeHHBIX JeCATHYHOH TOUKOH,
THOO0 B ITOKAa3aTelIbHOH (3KCIIOHEHIIHAIILHOH) (hopMe
Maple 2D-Math: > 1.02
Maple 1D-Math: > 0.102e1; 6/

-
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Constants

e Maple contains several predefined named (symbolic) constants.

e The value of constants can be accessed using their names or the
symbols that correspond to them.

e A constant in Maple is an object whose value cannot be changed
using the assignment operator.

e Mathematical constants Tt; /;
e Logical constants true, false , FAIL

e Scientific constants (available with the Scientific Constants
package ), categories: physical constants and constants of the
properties of chemical elements and isotopes

> with (ScientificConstants)
[AddConstant, AddElemeant, Add Praperty, Constant, Elemeant, GetConstant, GetConstants, GetElemeant, GetElemeants,

GetErrar, Getlsotopes, GetFPraperties, et Property, GetlUnit, GetValue, HasConstant, HasElamant, HasProparty,
MaodifyConstant, ModifyElement |

> GetConstant ()

speed of light in vacuum, symbol = ¢, value = 299792458, uncertainty =0, unity = i

K i ot

O
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Symbolic objects (hames)

e A symbolic object is any combination of letters, numbers, and
underscores beginning with the letter , without the use of
mathematical operators. Names may contain letters of the
national alphabet, including Russian.

a:

bl2 c3:

Elenalvanova:

12v;

° Error, missing operator or ~; any characters enclosed in
backticks .

vV VVYV

> "12v 7 ;
12v
> "Sasha+Masha ;
Sasha +Masha

-
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Variables

e Symbolic objects are used to declare variables . The value of a
variable is set using the assignment operator:

variable name := variable value

e Variable names can be any user-defined allowed name or any
combination of characters enclosed in backticks.

* You cannot use reserved names, such as Maple constant
names , Maple command names , system variables, logical
operators, programming structure words, etc. (even when
enclosed in backticks ).




/

> a:=3;

> "12v :=10;

> a:="12v ' +1;

> Pi:=1;

Error, attempting to assign to "Pi°

> plot:=a+l;

Error, attempting to assign to

> "plot :=a+1l;

Error, attempting to assign to

Examples of defining variables

which 1s protected

"plot” which is protected

"plot” which is protected

O
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Cancellation of assignment

e variable name := ' variable value '
e unassign('a’')

> b:=2;c:=8;b+1l;c+5;

bh:=2
c:=8
3
13
> b:="b';b+1;
b:=>b
b+ 1
> unassign('c') ;c+5;
c+5
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Types of calculations in Maple

e symbolic (exact) : analytical transformations of
expressions containing symbolic quantities, variables,
functions and exact numbers.

> sqrt(2) /(3+5);
1 —
3 V2
 numerical (approximate, floating - point computations
) : finite-precision arithmetic is used; such calculations use

approximate values of exact quantities; such calculations
always contain some error.

> sqrt(2.)/(3+5) ;
0.1767766952

o
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Quotation marks used in Maple

HaOop Ha Ki1aBHaType

BHI KaBRIUEK O003HAUCHHE 3HAUCHHE
EN-packnagka

OO0paTtHEIe = 1 3a1a10T CHUMBOJIBHEIH
OJIHHAPHEBIEC KABBIUKH E 00BEKT

| )
[Ipsamble OJHHAPHEIE ' ' [ 1 Hcnons3yoTcs B
KaBBIUKH g CHHTAKCHCE

| ) OTJIOKEHHBIX

BBEIUHCICHHH
[IpsaMbie TBOHHEIE o " 3aJa0T CTPOKY
KABBIUKH { shit g
4

)
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Basic data types

In Maple, there are approximately 200 data types, including :
e types of mathematical operations:
e '+ (addition)
e * (multiplication)
e A" (raising to a power)
e comparison types:
e < (less)
e <= (less than or equal to)
e ‘<> (not equal to)
e types of logical operations
e numeric types, for example:
e integer - whole number
e float - a floating-point number
e fraction - rational fraction
e symbol type




e

Data type definition commands

 whattype (x) - returns the type of object x

e type( x,x_type ) - checks whether an object x matches the type

x_type and returns one of the logical constants: true, false , or FAIL
(undefined)

> whattype (a+b) ;whattype (a-b) ;

e

e
> whattype (2>3) ;

e
> whattype(1/2) ;

fraction

> whattype (2) ;

integer

> whattype(2.) ;
float
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Data Type Definition Commands: Examples

> whattype(a) ;jwhattype( a+b’);
symbol
symbol
> type(2,integer) ;type(2,float) ;
frue
false
> type(a+b, "+7) ;type( a+b’, "+7) ;
frue
false
e The type of a variable can change depending on the value assigned to it:
> a:=3; whattype(a);
a:=3
integer

> a:=sqgrt(2) ;whattype(a) ;




Expression evaluation operations

»eval
»eval
»evalf
»evalb
»evalc
»evalm
» Evaluation of real expressions
» Evaluation of complex expressions




e

eval

e eval ( x) - evaluates the value of the expression x
e eval (expr, x=a) - calculating the value of the expression expr
when x=a

e evalf ( x) - calculates the approximate value of the expression x

evalf [n](x) - approximate value of x with output of n digits of the
number

e Environment variable Digits - specifies the number of digits in
floating-point numbers.

Digits :=n

( n is a natural number, by default n=10)

e evalc ( x) - calculates the value of a complex expression
e evalb ( x ) - calculating the value of a logical expression
e evalm ( x ) - calculates the value of a matrix expression

-




/eval and evalf commands: examples of use

_KDMEIH,I[LI eval u evalf
> f=x +5x+2

= evaf(f,x:ﬁ)

> f
x=372
50.768

_I:} f1 = evaf(ﬁx:ﬁ) cevalf ( f1)
11.89949493

> evalf[15]( /1)
11.8994949366117

| Hemoms3oBantre TepeMeHHoH cpensl Digits
> Digits = 20 : evalf ( f1)

11.899494936611665342

K:




/Other commands in the eval family: examples

3HaveHHe KOMITIEKCHOTO BRIpaKeHHI
> z=-1 —f-sqrt(3);z4

z=-1— I-ﬁ
4
(-1-1/3)
= evafc?(z4)
-8 —8I/3
3Havenye OyIeBa BHIpaKeHH
> f=1=2,eval( f), evalb( f),
f=1=2
1=2
false
3HaveHHe MAaTPHUHOTO BRIPAKeHHA
1 2 56
> 4 = LD = :
3 4 7 8

> evafm( (A + B)z)

I 116 144

N 180 224\ @/




. Evaluation of real expressions

trunc ( x ) - calculation of the integer part of the real expression x
frac ( x ) - calculation of the fractional part real expression x
round ( x ) - rounding of a real expression x

- trunc(%);frac(%);mund(%)
2
2
3
3
B trunc( -2.5); frac( -2.5); round( -2.5)
-2
-0.5
-3
> trunc(3.5 + 4.27); frac(3.5 + 4.2 7); round (3.5 + 4.2 1)
3+41
054+ 021
\ 4+ 41 @/
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Evaluation of complex expressions

Re ( z) - real part
Im ( z) - imaginary part

polar ( z ) - modulus and argument

conjugate ( z ) - complex conjugate of an expression

evalc ( z ) - calculates the value of a complex expression

(> z:=5-37 i
z=53—31
> Re(z)
5
> Im(z) B
-3
> conjugate (z)
5+ 31 -
> polar(z)
pnlar(uf 34, —arctan(%]]

(1
S
> evale(z)
1 1
- — 1
2 + 2
fmz M
| iz=a+b:
z
(IJ >
a Fez




Expression transformation commands

» Standard mathematical functions

» Commands for working with integers

»Selecting the right and left sides of an expression, the
numerator and denominator of a fraction

» Converting a fraction to normal form

» Factorization of a polynomial

» Collecting similar terms in expression

»Expanding parentheses

» Transformation and simplification of expressions




e

Standard mathematical functions

Mathematical notation 1D-Math Input 2D-Math
(pallets)

X

e
In x
log | ox
log  x

|x
Jx
sgn x
3 x

n!

o(x)

* In 2D-Math mode, most of these mathematical functions can be typed using
templates in the Expression palette.

* In 2D-Math mode, these functions are displayed in upright font and their
argument in italics!

exp (x)
1n (x)
loglO0 (x)
log[al (x)
abs (x)
sqgrt (x)
signum (x)
root (x,n)
n!

Dirac (x)

™

X
C

In(x)
log,,(x)
log (x)

| x]

Jx

signum (x )

Vx

n!
Dirac(x)

O




Trigonometric and hyperbolic functions

Mathematical recording Syntax Maple (1D-Math Input) | 2D-Math

sin x sin( x ) sin (x)
COS X cos (x) cos(x)
tgx tan (x) tan(x)
ctgx cot (x) cot(x)
shx sinh (x) sinh (x)
chx cosh (x) cosh(x)
thx tanh (x) tanh(.x)
ctgx coth (x) coth(x)
secx sec (x) sec(x)
cosecx csc (x) csc(x)

In 2D-Math mode, the names of trigonometric functions are always displayed in
upright font and their argument in italics!

tg(x) #30ece outibra!

O

-




Inverse trigonometric and hyperbolic functions

Mathematical recording Syntax Maple (1D-Math Input) 2D-Math

arcsin x arcsin ( x ) arcsin (x)
arccos x arc cos (x) arcgos(x)
arctgx arc tan (x) arctan (x)
arcctgx arc cot (x) arccot( x)
arcshx arc sinh (x) arcsinh (x)
arcchx arc cosh (x) arcsinh (x)
arcthx arc tanh (x) arctanh (x )
arcctgx arc coth (x) arccoth(x)
arcsecx arc sec (x) arcsec (x)
arccosecx arc csc (x) arcesc (x)

In 2D-Math mode, the names of trigonometric functions are always displayed in
upright font and their argument in italics!

-




/
Commands for working with integers

isprime ( n ) - a Boolean function that checks whether a number is prime
ifactor ( n ) - factorization into prime factors

irem ( n, m) - calculation of the remainder after dividing n by m

iquo ( n, m) - calculation of the quotient of n divided by m

B isprime(57)
faise
> ifactor(57)
I (3) (19)
> isprime(157)
frue
> ifactor(157)
(157)
> jrem(62,4)
2
> fquo(62,4)
15




4 N
Commands for working with integers

iged (n1, n2, ...) - calculation of the greatest common divisor numbers nl, n2, ...
ilcm ( n1, nZ2, ... ) - calculation of the least common multiple numbers n1, n2, ...
isqrt ( n ) - integer square root

iroot ( n ) - integer root of the n-th degree

[~ ged(-10, 6, -8)
2
> ilem(-10, 6, -8)
120
> isqrt(8); sqrt(8); evalf (%)
3
272
2.828427124
> iroot(100, 3); evalf (root(100, 3))
5
1.641588834




e

Root extraction commands

™~

X

Ifnis odd and
x>=0, then surd( x,n ) =x"(1/n)
x<0, then surd( x,n ) = -(-x)*(1/n).

root ( x, n ) - the n -th root of an algebraic expression ( n is an integer)
surd ( x, n ) - the n -th root of x whose (generally complex) argument is closest to root of

>

>

(8)™(1/3); roof(8,3), surd(8, 3);

gl/3
2
2
(8.0)"(1/3); root(8.0,3); surd(8.0,3);

2.000000000
2.000000000
2.000000000

> [(-8)7(1/3); root( -8, 3); surd( -8, 3);

(—8)”3
7 (_1)1,@
-2

> (-8.0)"(1/3); roof( -8.0,3); surd( -8.0, 3);
1.000000000 + 1.732050807 I

1.000000000 + 1.732050807 I

—2.000000000

O




lhs

/~ Selecting the right and left parts of an expression :

rhs,

lhs ( expr ) - left-hand side selection
rhs ( expr ) - right-hand side selection

= eg::az—bzzc
eg:zaz—bzzc
> [ths(eq)
a — b
> rhs(eq)
c
> h=x+y <10
h=x+y <10
> the(h)
X+ y
> rhs(h)
10




/" Reducing a fraction (algebraic expression) to normal
form : normal

normal ( x ) - converting a fraction (expression) to normal form
normal ( x, expanded ) - converting a fraction (expression) to normal form
with bracket expansion in polynomials

= norma!(xz—(x-l—l) (x—l)—l)
0
az—Z-a-b-l—bz
= normal 5
(@ —5)
1
B 22
= norma![ y3]
(x—y)
Xty
2
i (x —¥)
> normal 1 + i - normal € + expanded
x | x+1) x  xt1° %
x+1+x2
x(x+1)
x+1+x2
k x2+x

™~




e

ldentifying the numerator and denominator of a
rational fraction : numer, denom

numer ( x ) - selection of the numerator of a fraction (algebraic expression)
denom ( x ) - selection of the denominator of a fraction (algebraic expression)

] 2 2
> = 2 y3 szl = normal(z)
(x —»)
zl = Xty
2
) (¥ =)
> yumer(z); numer(zl)
2 2
L
xX+y
> denom(z); denom(zl)
3
(¥ —y)
2
(¥ = y)




e

Factorization of a polynomial : factor

factor ( p ) - factorization of a polynomial

= facfor(6x2 + 18x — 24)
6(x+4)(x—1)

x3—y3
> facmr[ 1 4]
X —y

= facfor(y4 — 2)

=:-‘:~ facror(y4 — 2, ﬁ)




4 N
Expanding parentheses : expand

expand ( expr ) - expansion of parentheses in an algebraic expression

> expand((x+ 1) (x4 2))
AN

2
j space or multiplication sign between brackets is needed! * +3x+2
> expand(sin(x + v))
sin(x) cos(y) + cos(x) sin(y)

_} expand((x +1) (y+2z))
xXyt+xz+ty+z

B expand((x+ 1) (y+z),x+ 1)
(x+1)y+(x+1)z

=BepH0
> expand((x+1)-(x+2))

P A3x+2
HegepHo: MKy cKOOKaMH HET Mpobeiia HilH 3HaKa YMHOMKCHHUS
> expand((x +1)(x+2))
k x(x+2)+1




4 N
Bringing similar : collect

collect ( expr,var ) — casting similar expression members expr
relative to the variable var

B f=aln(x) —In(x)x —x
[ collect( f,In(x))

=:>* collect( f, x)

= f:=a3x—x+a3—|—a

> collect( f. x); r:offecr(ﬁ a3)

=> collect( f, a)




e

Expression transformation : combine

combine ( expr ) - converts several terms into one
combine ( expr, param ) - converts several terms into one using
parameters: exp, trig , power and others.

> combine| sin l—n 4—1—003 SEL 4—I—sjn SEL 4—1—003 TEL !
& & & b3
3
2

> combine(4 sin(x)>, trig)
—sin(3 x) + 3 sin(x)
= r:ombfne(|x2| ly + 1], abs)
¥ (y+ 1)

> expr = 4 Sm(x)3-ax-a3x +e' e
> combine(expr, trig)
—axa3xsi11(3 x)+3 axa?’xsin(x) + e e
> combine(expr, exp)
4 si11(x)3 da*+e 1"

> combine(expr, power)

dsin(x)d T+ T




e

Simplifying expressions : simplify

= simplify ( expr ) - simplifying an expression

= simplify ( expr, param ) - simplifies an expression using parameters:
exp, trig, power and others.

= simplify ( expr, assume =prop ) - simplification of an expression under
the assumption of the property prop

B eq = (cos(x)-sin(x)) * (cos(x) + sin(x)) : simplify(eq),
2cos{x)2 —1

> g= J e . simplify (g, assume = positive)
- J 2
g=x

X

:;’ f= Sill[X)2 +In(2x) + cos(x]z:
> simplify ([, trig), simplify(f, In)
1 +In(2x)

sin(x)% + In(2) + In(x) + cos(x)*

_CpaBHE'I{PIE simplify u combine
> =4 cos(a]3 — 3 cos(a) :
B simplifv( f), combine( f)
cos(a) (4 cos(a}2 — 3)

cos(3 a)
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