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( Jsl 25

G:=F
g={(f 1. fIf: fi€G. fi # f3}
h:=0
WHILE d#0 DO
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IF h#0 THEN

di=d U {{u, h}ue G}
G:= G U {h}
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File: Machine Help

@ 5D D

(n‘ (@] Snapshots
New Settings Start Discard
e - S—— (2] =
v Create New Virtual Machine S mputer. The list is empty

Welcome to the New Virtual Machine Wizard!

S
This wizard will guide you through the steps that are necessary to create a new virtual machine for VirtualBox.

Use the Next button to go to the next page of the wizard and the Back button to return to the previous page. You w
can also press Cancelif you want to cancel the execution of this wizard.

—s |, Ubuntu JAL;(.;?Wsdt?,ﬂ,w.,\:fd,‘f(uo\jgg,}wu\p\(.;@ug%w X

‘{"-‘-SLS‘J"""JQ&&‘}éﬁ&)‘ffuﬂjé‘(j&jﬁbrudﬁa%

i - - et | ? =X P
@ Create New Virtual Machine : - o -

VM Name and OS Type

Enter a name for the new virtual machine and select the type of the guest operating system you plan to install onto
the virtual machine.

The name of the virtual machine usually indicates its software and hardware configuration. It will be used by all
VirtualBox components to identify your virtual machine.

Name

Ubuntu

OS Type

Operating System: [Linux

v [0
Version: [Ubunm v] l‘%

\i4
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.-\.;Abc-lqu“‘)%Q\:.l.o&ﬁjﬁ).aj&M%J‘&:}&‘So.}m‘.ﬁ)}no&wa RAM;_,:-‘)

@ Create Mew Virtual Machine

Memory

Select the amount of base memary (RAM) in megabytes to be allocated to the virtual machine.
The recommended base memory size is 512 MB,

Base Memory Size

U __”_”I_I”””;suMB

4MB 2048 MB

l Mext ] Cancel

S8 Gillas it s 3)ls 65 b uST e eslizal ViTtualbox 150 e 5 51 sl b Sl 1%

S sl
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@ Create New Virtual Machine — oty

- - —— o

Virtual Hard Disk

If you wish you can now add a start-up disk to the new machine. You can either create a new virtual disk or select
one from the list or from another location using the folder icon.

If you need a more complex virtual disk setup you can skip this step and make the changes to the machine settings
once the machine is created.

The recommended size of the start-up disk is 8.00 GB.
Start-up Disk
@ Create new hard disk
(7) Use existing hard disk

[Emoty "] @

Aply next g aSs i SKs s

| PulmsZagl’

Q—) Create New Virtual Disk

g i

Welcome to the virtual disk creation wizard

This wizard will help you to create a new virtual disk for your virtual machine.

Use the Next button to go to the next page of the wizard and the Back button to return to the previous page. You can also
press Cancelif you want to cancel the execution of this wizard.

Please choose the type of file that you would like to use for the new virtual disk. If you do not need to use it with other
virtualization software you can leave this setting unchanged.

File type

@ VDI (VirtualBox Disk Image)
() VMDK (Virtual Machine Disk)
(@) VHD (Virtual Hard Disk)

(7) HDD (Parallels Hard Disk)

=S ==
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A next a4 Syes S Ol fixed size g« S

@ Create New Virtual Disk

| Rulmiszal

Virtual disk storage details

Please choose whether the new virtual disk file should be allocated as it is used or if it should be created fully allocated.

A dynamically allocated virtual disk file will only use space on your physical hard disk as it fills up, although it will not
shrink again automatically when space on itis freed.

A fixed size virtual disk file may take longer to create on some systems but is often faster to use.
Storage details

©) Dynamically allocated

Next Ji[ cancel

X/
0’0

ekt plowil 5 IS Blas ) m Sllas

@ Create New Virtual Disk

Virtual disk file location and size

Please type the name of the new virtual disk file into the box below or dlick on the folder icon to select a different folder to
create the file in.

Location
Ubuntu @
g,eslkect the size of the virtual disk in megabytes. This size will be reported to the Guest OS as the maximum size of this virtual
ISK.
Size
TR R S— T o 8.00 GB.
4.00 MB 2.00TB
[ mext cancel |
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[ Rilmzzaly
@ Create New Virtual Disk

— o
Virtual disk file location and size
Please type the name of the new virtual disk file into the box below or dick on the folder icon to select a different folder to
create the file in.
Location
Ubuntu @
Select the size of the virtual disk in megabytes. This size will be reported to the Guest OS as the maximum size of this virtual
disk.
Size
=
i B 4 d B @ W 0 B B ® A i @ R 9 W @ 4 L_<sbaes
4.00 MB 2.00TB
[ next | cancel |
L

@ Create New Virtual Disk

Summary

You are going to create a new virtual disk with the following parameters:

File type: VDI (VirtualBox Disk Image)
Details: Fixed size storage

Location: C:\Users\Susan Brownmiller \VirtualBox YMs\Ubuntu\Ubuntu, vdi
Size: 8.00 GB (8583934592 B)

If the above settings are correct, press the Create button. Once you press it the new virtual disk file will be created

Come e
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r 1\
\§ : Creating fixed medium storage unit 'C:\Users\Susan Brownmiller\VirtualBox VMs\UbuntulUbuntu.v.. %
Creating fixed medium storage unit 'C: \sers\Susan Brownmiller\VirtualBox YMs\Ubuntu\Ubuntu.vdi ...
n | X
4 minutes remaining
\ J

503,S bl |, Setting s 4 S NeW (s 4y 8 LS 53t plesl a1 Jorl ol &Sl 1 g

s el 5 ol e

File  Machine Help

ofals ¢

New § Settings§ Start Discard

—
¥ —
Ubu ﬁ} Ubuntu - Settings . -
[Of
‘ Storage
Storage Tree Attributes
&> IDE Controller CD/DVD Drive:
| @ Empty
43 SATA Controller
& Serial Ports @ Loartuvd Size: : ove disk from virtual drive
£ uss Location: --
o Attached To: -
Shared Folders
Be@w
Select a settings category from the fist on the left-hand side and move the mouse over a settings
item to get more information.
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b S Sl &K p s 035 i 3 g5 ows (5, 1, VItTUAIDOX 153l o 4T aed 51

LS Ozl 0pen g au 8 sos 8 SUS 0T ) edin o

; - Setti 2] = |
M{s} Ubuntu - Settings . - L )
§83 Choose a virtual CD/DVD disk file L ® |

: Adaad
@Qvli » Susan Brownmiller » Downloads v | 5 l l Search Downloads L {
Organize v New folder x Al @
S Favorites “ § |&} ubuntu-12.04-desktop-i386 I
B Desktop 3
& Downloads

=
7 Recent Places

3 Libraries
Documents
J’ Music
[ Pictures
H videos

&) Homegroup

18 Computer b

File name:  ubuntu-12.04-desktop-i386

i - Setti |?] & |’
{'S} Ubuntu - Settings - B
@ General Storage ‘
System
Storage Tree Attributes
Display 2
® s @ IDE Controller CD/DVD Drive: [IDE Secondary Master v | ()
torage :
A d_g : ubuntu-12.04-desktop-i386.iso Live CD/DVD
udio 2
& n " &8 SATA Controller Information
etworl : .
: Ubuntu. vdi Type: Image
@ Serial Ports Size: 701.29 MB
ﬁ USB Location: C:\Users\Susan Brownmiller\Dow...

= Attached To: —
Shared Folders

@@

Select a settings category from the list on the left-hand side and move the mouse over a settings

item to get more information.
(e ) )
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i 3 b S Les Sage ,U;‘(,‘QﬁT,ou@uo&Mb‘g,ﬁvitrualbox S5 dl
4_5.:;;4;,;5|wi,g&&oﬂ;mw.%p);@a,ua&ﬁqsﬁ@&)gvitrualbox

A& dal 2 | >Ivitrualbox g, b j1Sage isle

o-\.&L.fmJ.:B JQ&UQA‘S‘W)‘JB‘Cjtyﬁ‘)‘wal’u‘&)b*MJ"‘J‘@M&.‘J‘W
S s dal g L bl (g 4mio NEW WOTKSheet a8 s, 03,5 eSS L b o (sl oS

g deals 10 p 5 nl 53wl x84 538 OT (6518 pL 1 g e

a' ' € hitp/ocahhostB000/ R-E9 X‘ {2 Aciive Worksheets - Sage A

File Pt View Favorites Tonle  Help

SR The Sage Nolehook agmin | Home | Pbled | Log | Setings | Help | ReportaProbem | Sizmou

Vanind 11

New Worksheet Tplaad  Dovnlaad All Active Search Worksheets

( Archive | | Delete ]I Download | Current Folder: Active Archved Irash
il Active Worlsheets Owner / Collaborators Last Edited

Welcome to Sage! You can create a new worksheet, view published worksheets, or read the documentation.
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=B S
g O United~Soge % || ()57 6

(50| @ bt ocalnost000/homeacmin/)

File Edit View Favorites Tools Help

| »

SDJE. The Sage Notebook admin Toggle | Home | Published | Log | Settinos | Help | ReportaProblem |
Version472 > Sign out
Untitled [ Save || Save & quit | Discard & quit | =

last edited on September 23, 2012 05:45 AM by admin

File.. [«] Action... [] Data... [v][sage [v] ] Typeset @ Print mmmmw

242

gvaluate

4

Mac fole phusw 38 SA0E s 4y o .. ¥

8l 5 IS8 Gl 6 oS > 51> WWw.sagemath.org <.l 511, Sage L1l p 5 Il %

NG

'sageAS.Z»»
OSX-64...in.dmg

T s 5 K las gl adig B os S SIS L6 opl g5, %
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sage

2310l o« Application Jsis 1) asy ol

‘@ AirDrop

ﬁ Applicati_.._
Desktop

Documents
Downloads
Mowvies
Music

Pictures

=l
Bas
o
=
J3
L=

Spotlight

=5 bl sage ob oS search cus s %

< ¥ E 48% @1 Wed 2:19 PM [Le]

Top Hit

Applications o

Documents @ sage — sage
M sage — bin
/& sage.css

Folders il sage — Applications

i sage — html
@ sage — _sources
8 sage — doctrees
8 sage — doc
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Sage'sageL;Q}f}\jﬁ‘(aJ.;Q.,L.f;}bq-‘Q)}w):.:}i|ﬁ‘J‘}|ijcJ;“’ S Sage 0T s,
Al L3S (b L TOTEDOOR ()" ) gins sk Sy a5 03 503,57 Sl 1

A3l (2 SAGE S o Cad ol 53 0dd alb &5y T 0T

(Linux) (S gt fole miumws 30 Sage cuas 4is 4l V.

P S R R WS B F I N X

http://www.Sagemath.org/download-source.html

15 e CLEG Fr Togdor L6 ol ST 5k oS gl (gl 1) 4 o 5T

S eXtract 1y e s 5bls b %
A4S | 11, Sage.sh Ll %
sudo apt-get install build-essential gfortran , sz.s i .54 e ;s gfortran a. b

»\.:.f Ry rio|
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Bt oslinl <y > (2 S == ks gle sl 515G L1 e 5 o

Jie Ol g

Sage: a

Sage: 2==2
True
Sage: 2=3
False
Sage: 2<3

True
g A ) Do (Bl Gl ol

ab = a**b or a’b
amod b = a%b
axh=a/b

358 (or 03l oo S0 Cad )yl 0313 0L sl /1 )

Jle
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Sage: 4*(10//4) +10%4= =10
True

‘..:S @um\type() g 3l odd 3yl (g esls ¢ Q.s))'\';,.w.s‘\.:g\f:

Sage:a=5 #alisan integer

Sage: type(a)

< type 'Sage.rings. integer. Integer’ >
Sage: a=5/3 #now ais a rational number
Sage: type(a)

< type 'Sage. rings. rational. Rational’ >
Sage: a=hello

Sage: type(a)

<’type str’>

Sl 3L 51 Js Ol e 4 .0iSe o3lizel cOMMANd?  gews 51,1530 p s hElP Sleslizal g

rt‘{s‘g)“‘;“:;;aﬁ“" SUdoKU J g 55 4053

Sudoku?
Definition: sudoku(m)
Docstring:
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Solves Sudoku puzzles described by matrices.

INPUT:

m - a square Sage matrix over Z, where zeros are blank entries

OUTPUT:

A Sage matrix over Z containing the first solution found, otherwise None.

EXAMPLE:

An example that was used in previous doctests.

Sage: A = matrix(Z2Z,9,[5,0,0, 0,8,0, 0,4,9, 0,0,0, 5,0,0, 0,3,0, 0,6,7, 3,0,0, 0,0,1,
1!5101 010101 010101 010101 2’0!8’ 010101 010101 010!01 0!1181 710101 010141 115’01 013101
0,0,2, 0,0,0, 4,9,0, 0,5,0, 0,0,3])

Sage: A

[5000800409]
[000500030]
[067300001]
[150000000]
[000208000]
[000000018]

[700004150]
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[030002000]
[490050003]
Sage: sudoku(A)

[513687249]
[849521637]
[267349581]
[158463972]
[974218365]
[326795418]
[782934156]
[6351728094]

326758194
B
oS o e 25 Do b Cd (a5l Sy gt 53 Al (o S o0 4 a5l 2

Sage:a=1[1,7,2]; b=[4,5]
Sage:c=a+bh;c
[1,7,2,4,5]

Sage: c.sort(); c

28



[1,2,4,5,7]

38 alous 1y GSUE slo Sl 015 o TAD WIS 0515 Lz L Sage: c.<tab>

c.append c.extend c.insert c.remove c.sort
c.count c.index c.pop c.reverse
-
Sage: c.append ("foo™); c S o Bl Cad @ 1) (5 e
[1,2,4,5,7, 'foo']
Sage: c; c[0]
['foo', 7, 5, 4, 2, 1]; 'foo’
Sage: c[0] =11 35S G Oly o 1y S & olie
Sage: ¢
[11,7,5,4,2,1]
Sage: c[0:2] B gad b |y G G ol 35 ol Ol oo
[11,7]
Sage: [ "2 for n in range(2,10) ] Wl 1 ol s Cd &K Ol 0

[4, 9, 16, 25, 36, 49, 64, 81]
Sage yo xb %
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ﬁb@{\,:SMJ@‘,Q&MWQ‘Sagew.ulama.u\efc\,:@wSage)\p‘D;y«fx,r,a
S 5l D e

oS sn o3limal " Cade Sl ST s gas gl def s ki ol 6l ,
.uufu.a,‘m\,;;T(_;;ﬁ.s;\i@,'ju;q.étipb@,\p&.\ﬁﬁ&u.dm

Sage: def is_even(n):

... return n%2 ==

Sage: is_even(2)
True
Sage: is_even(3)
False

Je

Sage: def is_divisible_by(number, divisor=2):
... return number%(divisor ==

Sage: is_divisible_by(6,2)

True

Sage: is_divisible_by(6)

True

30



Sage: is_divisible_by(6, 5)

False

Pz S

il 208 Olus 8 Sage o gyl

)'69.03 )
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sl Caliis Jlasl L ). £
V= sqrt(x)
Va=x"()
Jx|=abs(x)
Lag,(X)=Log (x,b)
S f (D) = sum (f(3) for i in (k.n)

3161_1}611 f(x) = limit(f(x),x = a)
:—x (f(x))=diff (f(x) , x)

:_x (F(x,y))=diff (f(x,y),X)

diff=differentiate
ff(x)dx = integral(f(x), x)

fz f(x)dx=integral(f(x) , X , a, b)

Taylorpolynomial , deg naround (a) = taylor (f(x) ,x,a, n)
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1_[ £(0D) = prod (F()for i in (k..n)
i=k

expand_log & 058 5k
simplify_log V‘"‘J@ Shle il esla
simplify_rational S S Shhle (g5l osl
radical_simplify I sl g5l eslu
simplify_exp 513 0l Olhle (g5l aslu
simplify_factorial JosS Ol 5l ool
simplify_full Vb Shls plad 65l o3l
Loki S p.V. ¢
T = pl
E=e
o = (0

@= golden_ratio
Integer Z =727

Rational Q =QQ
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Real R=RR
Complex C=CC

Finite field F;, = GF
Nog0d puy . Y. €
.m;s@uu;,ﬂ!plot,,:,ﬂ;;\du n 7 o3l 33 )15 sa ) (512
Jbe Ol e 4,

f(x)=sin(8x)? ex2

Sage: plot (sin(8*x)"2 * e(x"2),X, -pi , pi)

6000
5000
4000

3000

2000

1000 |
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Fill=true

fillcolor="green '

rgbcolor = ' color

(O=opaque, 1=transparent)

(O=opaque, 1=transparent)

adaptive_recursion

adaptive_toleranc

detect_poles

exclude

plot_points

35
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ST S8 G 53 1l gad di Ol giee
Jbe Ol 5o 4
f(x)=sin(x)
g(x)=cos(x)
P1=plot(sin(x),x,-pi,pi,fill=true,fillcolor="red")
P2=plot(cos(x),x,-pi,pi,fill=true, fillcolor="green’)
plt=(P1+P2)

show(plt)
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Syolib lgi pwy. . ¢
oS o 02lizal PArametric_plot , sews 51 i 5 R ) Sl

oS S ot e bl s ) 5Lk Sy w1 (COS(E),SIN(E),E) ol

t=var('t)
p=parametric_plot3((cos(t),sin(t)),(t,0,2*pi),fill=true)

show(p)
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(SR 4w l8g00 )y .0 . €
.mfuﬁoéulw‘plot3d)}Lﬂb}‘bﬁxﬁéﬂj‘mév\a{mL;Lh)‘b}aﬁrﬂjé‘j
r.:fdr.w) \)y2+1-X3-X CU

X,y =var('x,y")
p=plot3d(y"2+1-x"3-X,(X,-pi,pi),(y,pi,pi))

p.show() or show(p)
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3.1 -3.1

axesztrUEQ)L&}‘o}Lma}'}‘wwKéﬁ)ﬁb\.ﬁ)jﬂd‘ﬂb&)ﬂ@ﬁ‘%

..s; ol

gl frame=false o e Wb ) ghie ol 6l 3 ST Dol 351y gomie ol bl b glast (3l s 0 9Ae 4

S ol Sow 4w miled . ¢
sl o PArametric_plot3d o, yo « 5 siee eslinal (5 el (sdn 4w w15 (612 487 (65 52

Jbe
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X,y =var('u,v')
f1=(4+(3+cos(v))*sin(u),4+(3+cos(v))*cos(u),4+sin(v))
f2=(8+(3+cos(v)*cos(u),3+sin(v)),4+(3+cos(v))*sin(u))
pl=parametric_plot3d(f1,(u,0,2*pi),(v,0,2*pi),texture="red")
p2=parametric_plot3d(f2, (u,0,2*pi),(v,0,2*pi), texture="blue")
combination= pl+p2

combination.show()

8.0

4.0

o

8.0

12.00.0

S g olowe LY. £
55 ) plot_vector_field | sws i ostical b ol s 1y (405 5 sla Ol

Jle
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plot_vector_field((x,y), (x,—2,2),(y,—2,2), color = 'blue")

x,y = var(x,y")
A

e

o

4

i

N NNANvvvrnyrrrrrirrzizzvy
NNANNANNN Yttt r 2SS
NNANNNXYN Yt p P27/
NNNANNN NN A A S PSS A
NNNNXNX NNV b AL ST
NNNNNN N bbb A AT TA
RN T T T T T S IV A A A
S A A T IR A |

bwrsr e e x s » PN S
P s o % £ F F 1 T[T 1 4 8 % % N SNy
ol F A F F P T 8 00 NN NN
RN
CA A e OO NN
SAALA A AV VNN
AL HE VYNV
2\\\...\_g___d_,,1////2‘

1

2

MNog0d pwy mlgF 3 (S AL

3

%

Implicit_plot()

b e

-ﬂ@ﬁ)bf(x')’) = 0@5’;3:“)%:*’*}-’@

Jbe

x,y =var(x,y")

f,y)=x"+y"2-2

implict — plot(f, (—3,3),(—3,3), fill = Truel)
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u,ll.iLubwﬁb%&)ﬂ@)‘bﬁ&ﬂ&é‘j}bﬁ?d‘)Jau.’:metrlx_plot() ’:’

Aas <
Sage:x,y = var(x,y")

Sage: matrix — plot([1,0],[0,1]), fontsize = 10)
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f(Z) Cakises slael 633038 b o pite &S5 Wl &S Ll g0d oy : COMplex — plot () X

Sage: complex — plot(f(x), (—5,5),(—5,5))
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ol gds plad Lo pls eu, circle() <

ol sds wsl) s plad b ay e ellipse()
s Lo pls oSS Sl oLs e are()

odd arie bl L b ¢ Line() %

s Az & oy polygon() &
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iy > 9 b Olowe

B Ol Amo.) .0

45



Sage: RationalField()
Sage:QQ

Sage:1/2 in QQ

True

Sage:sqrt(2) in QQ

False

Bl e s BB s 4 s Ol 151 SAG L5l p 5 5

.ﬁj\aﬁ@u%q:iﬁé\jjgsjyéha\.g@ﬁu.éﬂgw&!):

b5 slael Olowe . ) LY. 0

o3 o Ol RationalField() , gzt s QQ sl L1, Ole oy

Jbe

iz Sloal Olow . Y. V.0

v.,f s os3lin CC sl 5 dalises slael Olas Osls OLiS sl

46

Jle



Sage: CC

Sage:CC.0 # 0™ generator of CC #
10000000000 * I

Sage: a, b =4/3, 2/3

Sage: z=a + b*i

Sage: z

1.33333333333333 + 0.666666666666667 * |
Sage: z.imag() # imaginary part
0.666666666666667

Sage: z.real() == a # automatic coercion before comparison

True
Sage:a+b
2
Do b Olow . Y. Y. 0
Aas olis GF() Cyge aly Ls.al.::.e b Ol
Sage: GF(3)

Finite Field of size 3

Sage: GF(27,'a") # need to name the generator if not a prime field
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Finite Field in a of size 373

Ly S > Job 4 Ol . £.1.0
S ot e 2 Do 4 e S sb 4 Olis D315 DL 6l

Sage: QQbar
Sage:sqgrt(3) in QQbar

True
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b al>.Y.0
B ol o> N dil>. 1. Y. 0
s5d 3 (IS 5sb a s (gl dar i (g all (B me g
R=PolynomialRing(Field, number of variables, variables, order)
S 5 ) b W e sl o 53 5355 (oo 03l
AL 25 A e i (s il e sl K03 (sl g Lol

R=PolynomialRing(QQ,3, 'x,y,z', 'lex")
R=PolynomialRing(QQ, 't")

R.<t>= PolynomialRing(QQ)
R.<t>=QQ]
R=PolynomialRing(RationalField(),'x")
R=PolynomialRing(GF(97), 'x").gen()

Vv V V V V V

R=GF(5)[ 'x,y,z']; x,y,z=R.gens()
R.<x>=PolynomialRing(QQ)
Realpoly.<z>=PolynomialRing(RR)

YV V V V

Ratpoly.<t>=PolynomialRing(QQ)

B Weo Bym.1.1.7.0
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AL r ) D 4 il S (gla e e

+ R=PolynomialRing(QQ,3, 'x,y,z', 'lex’)

X/

* X,y,Z =R.gens()
+ R=PolynomialRing(RationalField(),"x").gen()

oS (or 0Lzl GBNS() sk S bl axils Wge &K 51 2y S

owd ol dal> Y. Y. 0
S (s 03l R.quo 0 ;‘Mc,uw&iqiﬁdlj
Je

Sage: R.<x> = PolynomialRing(Z2)

S.<xbar> = R.quo((4 + 3*x + x*2, 1 + x"2)); S

Quotient of Univariate Polynomial Ring in x over Integer Ring by the
ideal (X2 + 3*x + 4, x"2 + 1)

Sage: R.<x,y> = QQ[]; S.<a,b> = R.quo(1 - x*y); type(a)

<class'Sage.rings.quotient_ring_element.QuotientRing_generic_with_category.ele
ment_class'>

Sage: a*b
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1
Sage: S(1).is_unit()
True

Zn & 4al>.¥.Y.0

oS or o3lizal INtEGRIS(N) ) smws 1 o> OLs Z il onl oy 51
Sage: Integers(7)
Ring of integers modulo 7

Sage: R=Integers(13)
Sage: a=R(6)

Sage: b=R(5)

Sage: a+b

11

Sage: a*b

Sage: a.additive_order()

13
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Sage:a.multiplicative_order()
12

Sage: a.is_unit()

True
Coy gt s 9 b sSre 30 Sy g0t dils pl 138 pie e o sSre
sk o 1ay sanM(-1)
Sage: (-a)
7

Sage: (a(-1))

11
5,8 odalin 5 gl s gs (§ dbms & 5 | dil sla (Shs (F o OlF (o0 cpmen

Sage: R=Integers(24)

Sage: R

Ring of Integers modulo 24
Sage: R.order()

24

Sage: R.is_Ring()
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True
Sage: R.is_integral_domain()
False
R.is_field()
False
S5 s 15 0T jole ol Ol gie s Sl alize adl oyl O g
Sage:R=Integers(13)
Sage: R.list()
[0,1,2,3,4,5,6,7,8,9,10,11,12]
o bS5 05,8 K C b Lo Z e 4 s A3 Olke Lo (s 4l STl Ol Z 13 ol (o0

LS acloes UNIE_GENS() [ gws L1 b 4 05 5 (sls W gn o Wil 5 0 SAQE .kias

Sage: R=Integers(12)

Sage; R.uni

R.unit_gens R.unit_group_order
R.unit_group_exponent R.unit_group_order
Sage: R.unit_gens()

[7.5]

Sage: R.unit_group_order() S el | 058 15 ol & 45, NP
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S AT atiely 09 S Olsie 4 Zn s 4S5 besitas 657 (5 52w SAQE 4ilinkie

Jle Ol e 4 3L 1y uobie ol 0868 ol ol 51 Ol 2o

Sage: [x for x in R if X.is_unit() ]

[1,5,7,11]

Zy 38 Yol Jo> 1.Y.Y.0

oS ot o 2 Dl ses G sk pl (6 oS o Zo1 5515 IXZ6 dsles sl s
Sage: R=Integers(21)
Sage: a=R(9)
Sage: [x for x in R if R(9)*x==R(6) ]
[3,10,17 ]

£33 ol

Sage: solve_mod(9*x== 6, 21)
[3,10,17]
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J;L}yuw@u\}?@ﬂboﬂuhg-df)l:ww
z .
— S 4> L£.Y.0
Zy
. . - d . . Z -
BSgh o Z MO (n),f,ﬂ;,\am,u\pzw

. Z - » . » Z bl &
.ﬁf@@m&ab(a‘l'b)17}o>;@j’.&bz_17‘ul>-&}) SMC)BW}2W.Jm

Sage: R.<x,y>=Zmod(17)[ ]

Sage: R

Multivariate Polynomial Ring in X, y over Ring of integers modulo 17
Sage: S.<a,b>=R.quotient((x"2+y"2))

Sage: S

Quotient of Multivariate Polynomial Ring in X, y over Ring of integers
modulo 17 by the ideal (X2 + y"2)

Sage: (a+b)"17

a*b™16 + b7
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b Sl dox> N> B %



jab;ui}su”\)#b)}ﬂ&&‘&‘b‘b(b‘h&‘%.&}:ng)u‘ju.eggl»&‘uﬁﬂé‘j.‘.‘
r:.f < ol 'S Sy giws g
Sage: x,y,z = PolynomialRing( RationalField( ),3,[ ‘x","y’, 'z'], 'lex").gens()

Sage: f = 9#y°- 9xx? xy°- 18+ x>+ y*= 9xx®xy*- 9xxCxy? + 9«
x” xy3 + 18 % x"8xy"2 — 9x x"11

Sage: f.factor() 3,5 4 |y ) e Lz Ol 5 (o
(9) * (=x"54+y"2) x (x"6— 2*xx"3xy"2-x"2 xy"3 + y"4)
Sage: f=3 *xx"3 +x

Sage:g=9*xx*(x+1)

Sage: f.gcd(g) 55T Sy |y (sl dbear i 33 pp a0 Ol (o0
X

Sage: k=x"3 -1

Sage: k.roots() Db o dlous jswd I b gl dlar L (6 4k,
[(1,1)]
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Sage: f= (X+3*y+x"2*y)"3

Sage: f.expand() sl 518 Ol ol ) aler L

X"6xy"3 +3*xx"5xy"2+9xxMxy + 18+ x"3xy "2+ 27 xx 2 *xy"3
+x"3+9xx"2*xy+ 27 xx*xy"2+ 27 xy"3

f.lt() AT o Cwd a9y 4 55 Dol jleslial b iy 6 dleax
f.Im() Tl g oy 55 4 95 Sk R 5 L s e e K

Ayl ks 15, £(1,2,0) 5 S o mw Q Ol 5,1, T= Xo+ Xp — 2X1 Xp (6l aher i e

Sage: x= PolynomialRing(RationalField(),3, 'x").gens()
Sage: f= x[0]+x[1]-2*x[1]*X[2]

Sage: f

-2*X1*x2+x0+x1

Sage:f(1,2,0)

3
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aX' O g 4 b piio 3 (&1 41T sbw! ¥

Sl MAXIMA 1531 05 5l oslizel b X+ A1+ .+ A S 4o ol dhar i 285 51
TS BB

Sage: P= maxima('sum(a[i]*x"i,i,0,n) )

Nl 1,4 505 N Gl & CadlS SAQER s AptarX X HagX +aX ! i s sl Jie Ol
Sage: p=maxima(‘sum(a[i]*x”i,i,0,4) )
Sage: p

a[4]*xM+a[3]*x"3+a[2]*x2+a[1]*x+a[0]

AT e 55 sdegree reverse lexicographical s ; oT Jsl jeie F 457 S Ca o5 (gl adl> . Js

5L «zls negative lexicographical s 5 o7

Sage: P.<a,b,c,d,e,f> = PolynomialRing(QQ,6, order="degrevlex(4),neglex(2)’)
Sage: a>cM
True

Sage: e > "2
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False

GCD(X"+x*+1, x*-x*-2x-1,x3-1)

Sage: R.<x> = PolynomialRing(QQ,'x")

Sage: f= x*+x*+1
Sage: g= x*-x%-2x-1
Sage: h=x3-1

Sage: ged([f,g,h)]

1

(I S Ao Wi 9 Slal) ol i 5651 LT 1

-M}@szv%wi“j‘r:@"r&;;ﬁ‘y}s‘_;ljalfdu)a

def euclide(a,b):
r=a%b
print (a,b,r)
while r 1=0:
a=b; b=r
r=a%b

print (a,b,r
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o3zl ol 025 S (5 5 5703 2 51 g 021 5 il e 5 oL €UCHTD (B,D) pU 4y (55 5203 45 3

=

Sage: euclide(12,5)
(12,5, 2)

(5,2,1)

(2,1,0)

B (Sl Ao i panddl i 981 .21

0’0

.J_g‘uﬁ:_g) S
S s 536 oS o3 ABOIge 4y 0T 5 a5 (0 1y 25 020 S e (sl e i s

5,8 skl 0T 1 gty 4 Ol s

def division(dividend, divisor) :
print 'quotient: ', (dividend._maxima_().divide(divisor).Sage())[0]

print 'remainder: ', (dividend._maxima_().divide(divisor).Sage())[1]

Je
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‘)}:MJ‘}‘ ﬁ‘kﬂwa‘)\jﬁﬁy“maXIma”Mbj)jhbwu‘jbﬁ‘);ﬂd‘\ﬂéb‘)ﬁ

oS ealizl division(dividend, divisor)

division(x"4 + 2*x"\3-x"2+5*x - 2, x"2+1)
guotient: X2 + 2*x - 2

remainder; 3*x

e

.Cjauij) 0

3 5 ) S5 4 il oy b
def division(dividend, divisor) :
g,r = dividend.maxima_methods().divide(divisor)
print ‘quotient: *, q
print ‘remainder: ', r

Jbe

Sage: f(X)=x"3+5*x"2-3*x+1

Sage: g(x)=x+1

Sage: f.maxima_methods().divide(g)
[x"2 + 4*x - 7, 8]

e

RSB
oS SR 5 SIS 4 maxima” e 5 cwl SIS
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S 531, 001eX s 5 s FE(XY X-Y0) 5= XY HCYP-y+1 ol e s 55 ks

var('x,y")

maxima('load(grobner)’)

maxima(‘poly_monomial_order:grlex’)

F=[x*y"2-x, X-y"3]
ans=maxima('poly_pseudo_divide(x"2*y"2+x"3*y"2-y+1,[x*y"2-x,x-y"3],[X,y]))
print ans

(quo,rem,n,m)=ans

p=quo[0]*F[0]+quo[1]*F[1]+rem

print p

YAy r(xy+y Xt ax+ ) (x—y ) H (P Fxy+y+xE +x+1) (xy-X)
-y +1

Pl bexi g pdy bax Sy (Sf o x> .01

2 o 25 TRl et G 2y b 055 et )

Sage:R.<x>=QQ[]
F=(X"3-X Y +Yy"2-X)* (X"5-3/2*X-Y)
Sage: f.factor()

Sage: len(f.factor())

2
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sy 3l Gl Brlen(ffactor()) e s cwl pd bsow 6l dher L o KT sl ) T o ot
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B JTowl MY

oy 1y il 6SG T ol ol 93 51 Ol gine o r—fw’ Gy 1) 53 g0 (6 il Il JT o] (5,20 (1

Y
R=PolynomialRing(QQ,3, 'x,y,z', 'lex’)
+ I=ideal(generators)/ I= Ideal(generators)
s I=f*R  #fis agenerator of Ideal I#
Jle

Sage: P.<x,y,z> = PolynomialRing(ZZ,order="lex’)

65



Sage: | = ideal(-y*2 - 3*y + z"2 + 3, -2*y*z + z"2 + 2*z + 1, \
X*Z + y*z + 22, -3*X*y + 2*y*z + 6*z\2)
Sage: |
Ideal (-y"2 - 3*y + 22 + 3, -2*y*z + 22 + 2*2 + 1, X*z + y*z + 22,
-3*x*y + 2*y*z + 6*z°2) of Multivariate Polynomial Ring in X, y, z over

Integer Ring

JTowl o cugas VY
il o IN g Sleslizal U JT ol &5 s (ol alar dix &S5 o puie

Jbe

R.<x>=PolynomialRing(QQ, 'x)

Sage: I=ideal(x4-6*x"2+12*Xx-8,2*x"3-10*x"2+16*X-8)
Sage: f = x"\2-4*x+4

Sage: fin |

True

JTow! g5 (i Y'Y

is_prime/principal/maximal () s 5l el Jslb 5SS b ¢ ool JT ol &SI adeis 6l

V:S 0 aJL&.Z.»‘

66



(8l 1y e ol 51 ool sl siws Olgee TAD WS 03 525 e 5 1S 285 b JS7 5 b )

| = (x*— 6x2,2x3—10x2) JT ol 4 4> 55 L .l

Sage:l.is_prime()
false
Sage:l.is_principal()
True

J&aly JT ol £.Y
=S (o8 03lina l.radical( ) o ,Ls ;I NETIRUNSYPN] ol ¢S UK sl bl s 7 (53,158 50

Sage: I=ideal(x+y+z-3,x"2+2\2+y"2-5x"3+y"3+z"3-7)
Sage: l.radical()
Ideal(x+y+z-3,y"2+y"z+z/2-3*y-3*2+2,3*2"3-9*7"2+6*z+2) of Multivariate

Polynomial Ring in x,y,z over Rational Field

JT ol 9 571 il .0.Y

l.intersection(Jd) , sws 51 JT ol 5 ails 5 ,me 31 wo J 5 | IT o) 95 ST 28l 03,57 s 5

r:—f < ol

R.<x> = PolynomialRing(QQ, 1)
Multivariate Polynomial Ring in x over Rational Field
Sage: | = R.ideal(x"2-1) ; |

Ideal (x"2 - 1) of Multivariate Polynomial Ring in x over Rational Field
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Sage: J = R.ideal(x*2-2) ; J
Ideal (x"2 - 2) of Multivariate Polynomial Ring in x over Rational Field
Sage: l.intersection(J)

Ideal (x4 - 3*x"2 + 2) of Multivariate Polynomial Ring in x over Rational Field

95 4k .y
Eale 35 oo dmlons Jug 8 b dnlous gl &S (g g1

B=Il.groebner_basis()

Jle

Sage: P.<x,y,z> = PolynomialRing (ZZ,order="lex")
Sage: | =ideal(—y"2 — 3%y + z"2 + 3,-2x*y*xz + z"2 + 2xz + 1)\
X*Z + y*zZ + z2"2, =3 *x*xy + 2*y*7z + 6x2"2)
Sage:l,groebner_basis()
[x + 130433 xy + 59079 *xz,y"2 + 3xy + 17220,y *z + 5*y
+ 14504,2 *xy
+158864,z"2 + 17223,2 xz + 41856,164878]

;Py &)ﬁ' A%
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)‘jé‘(jj‘d)ﬁw)j‘oéu.‘;ﬂ‘d"vdbdjaJLwLe‘{)‘Jbﬁ}éb\a_ﬁ}é\ﬁobfﬁﬁﬁ)jij‘@bu6|ﬁ

oS 20ls 1y ) ssmes 5en S Gl Maxima b ,, luol cwsdlS . AL .« “maxima”

Sage: maxima('load(grobner) )

Sage: ans=maxima('poly_buchberger ([-y*2 — 3 xy + z"2 + 3,-2*y=*z +
Z"2 + 2%2 +X*xZ + y*Z + 272, =3 *xX*y + 2*xy*Z + 6%
2], [xy,2]))

Ans

[2"2 —y"2 —3%y+32%2"2—y*Z2+Xx*Z2+2%72,6x2"2+2xy*xz2—3 %X
*y,8%z2"3+3xy*z2"2+24%72"2+\6*x2—9%x,3%x2"3+8x*y
*Z"2+ 15y *z2—9*7,—440 x z"4 — 1671 * z"3 — 1752 x z"2
— 99 xyx*z—747 xz\,—55*z"5 — 312 * z"4 — 606 x z"3 — 504
* 772 — 189 x 7]

JT ol 31 piio &5 B> . ALY
53 5l il om oS ol | T el 5115 e &S5 ponl iy S
oS 03z |.reduce(variable)
a5 gt o) 3l eslinal b oS Gl 1= (X% 9, 1) T o) 51L,Y ko el i ST Olgie &

RGN

Sage: R.<x,y>=PolynomialRing(QQ,2)
Sage: I=ideal(x"3+y,y)
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Sage:l

Ideal (x"3 +y, y) of Multivariate Polynomial Ring in x, y over Rational
Field

Sage: l.reduce(y)

0

g 3 Sl s T iy 1y L JT ol (3o IT o] ol 403 3 ol g3 S|
oS oslizal s 8wl s 5 Lelimination_ideal([...,...])

Jbe

R.<x,y,t,s,z>=PolynomialRing(QQ,5)

I=ideal (x-t, y-t"2, z-t"3, s-x+y”"3)

I.elimination_ideal([t,s])

Ideal(y"2-x*z, x*y-z,x"2-y) of multivariate PolynomialRing in x,y,t,s,z over
Rational Field

Sl Ao N - S dulbmo ALY
=S ol sage.ring.polynomial ;i 1, spol , sz.s ol eV el s (g e LS aslons (51

oS e S o a sk Gl Gl

Sage: from Sage.rings.polynomial.toy_buchberger import spol

Sage: R.<x,y,z> = PolynomialRing(QQ,3," lex")

70



Sage: f = 4*x"2*z -7*y"2
Sage: g=x*y*z"2+3*x*z"4
Sage: spol(f,9)

-1/3*xN2*y* M2 - T14*y"2*72"3
o & = ’ s’

il sl 4 yl9
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T Sl 4519 9 ST (Sliad 1A
@ﬂmwjr:f@@ﬂbngéml.\z\V(xz—y222+23) »LdlﬂﬁT‘\:.l)‘j@ﬂ&‘j

Jbe

Sage: A3.<x,y,z>=AffineSpace(QQ,3)

Af fine Space of dimension 3 over Rational Field
Sage: V= A3.subscheme ([x"\2-y"2*z"2+2"\3])
—y"rz"2 + z"3 + x"2

Sage: V

Closed subscheme of Af fine Space of dimention 3 over Rational Field
defined by:
—y"2%xz"2 + z"3 + x"2

Sage:V.rational_points (bound = 3)

[(-3,-2, 3), (-3, 2, 3), (-1, 0, -1), (0, -3, 0), (O, -2, 0), (0, -3/2,
0), (0, -1, 0), (0, -1, 1), (0, -2/3, 0), (0, -1/2, 0), (0, -1/3, 0),
(0,0, 0), (0, 1/3, 0), (0, 1/2, 0), (0, 2/3, 0), (0, 1, 0), (0, 1, 1),
(0, 3/2,0), (0, 2, 0), (0, 3,0), (1, 0,-1), (3, -2, 3), (3, 2, 3)]
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8T S 4519 gy YA
.v:lfsﬁoawuﬂﬁjéu‘j&j)j\wé"’éhQ)‘)ﬂ)q_?-
LS e, LVOC- Y2+ 2 ) 5T w )l b
S s 1 y ol asls J
implicit_plot3d() ; swsl ww 03,8 (B ,me 1) b e izl s ,ls a5 s 3230 030k ST el B s
.r.:fdaa:u.‘.’w‘

Sage:Var(x,y,z)
Sage: implicit_plot3d(x"2-y"2*z"2+z"3,[-3,3],[-3,3],[-3,3])

0.0 0.0

3.0 -3.0

Jie
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=5 o el V2)(K5-y),y(<5-y), (2+1) (X *-)

2S5 ) Olgin 9 33 L1y byl &5 8

Jsl sy

var('x y z')
p=implicit_plot3d((x-2)*(x"2-1),[x,-3,3].[Y,-3,3].[z,-3,3],color="red")
p+=implicit_plot3d(y*(x"2-y),[x,-3,3],[y,-3,3].[z,-3,3],color="green’)
p+=implicit_plot3d((z+1)*(x"2-1),[x,-3,3],[y,-3,3].[z,-3,3],color="blue")
show(p)

e

.()Juij) 0

var('x y z')

V=[(x-2)*(x"2-1) , y*(x"2-y),(z+1)*(x"2-1)]

c=['red','green’,'blue']
p=add([implicit_plot3d(V[i],[x,-3,3].[y.-3,3],[z,-3,3],color=c[i]) for i in [0..2]])
show(p)
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3.0 -3.0

S o b V(ly — x?),(z - x3)] Je

...\..ful.z‘_s.al'Lglﬁwb&o)'l.:‘_jaiﬁjscg}édlinl.:dli.a@\gb)\.é]l.@;]‘\f;}&@j

Var(‘x,y,z’)

V=[(y-x"2),(z-x"3)]

C=['red", 'green’]

P=add([implicit_plot3d(V(i),[x,-3,3],[y,-3,3],[z,-3,-3],color = C[i] ) for i in [0..1]])
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3.0

0.0

3.0

0.0 0.0

3.0 -3.0

A4

oS ot e 1y L e S Y e e Ola STV (X2 4+ % = 1) e

Var ('t")
Parametric_plot3d( (t,t"2,t"3),(t,0,4),thickness=3)

e e i |y e Culies Thickness
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s Job

b o Jlo

Yol fo

B (il .14

545 oo 03lizal VECLOr([--=-]) ) gms 31 5l &K b ,me (sl
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V=Vector([1,2,3,4])
V[0]=1
Wl sl BB gl Ll gy ol Jlas!
Sage : 7*V
(7,14,21,28)
Sage: V+Vector([1,4,6,8])
(2.6,9,12)
Sage: V*V
30
41y el 5l Sl 5 55 s (@S oo 05linul Matrix () ,sws 5l jw il &K mtlo gl
S o S e D s
Sage : matrix ([[1,2],[3,4]])
g i a )y pole (aled e 35T (Bome |y e Sl Oty o 05 e b

Sage : matrix (4,2,[1,2,3,...,8])

Wb g5 Ol o Ty b g Sl e e e 0S5 (gl

Matrix (2,[1,2,3,4])
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46 gazen O 3 jolie &S US o (o o5 (6l 48 gammn 9 S5 S (G 1) e Sle 313,15 Oy 50 4 SAQE

REPRREe

Sage : parent (matrix (2,[1,2,2/1,4])
Full MatrixSpace of 2 by 2 dense matrices over Rational Field
Sage : parent (matrix (2,[x,x"2,x-1,x"3])

Full MatrixSpace of 2 bye 2 dense matrices over symbolic Ring

55 ol s 4e gezs 595 1) g sl Ol

Sage: matrix (QQ,2,[1,1,3,4])
[11]
[34]

S B 5y a gy g a ) Sler e Sl

Sage : identity _matrix(3)
[100]
[010]
[001]

.ﬁ{uﬂogu;ﬂl"-ljfw;,-\Ww;w\;\ﬁu\,m;uwﬁ,bw;u&iw;ﬂmgfl

Sage :A=matrix(2,[1,1,0,1])
Sage :A”*-1
[1-1]
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[0 1]

A.det()

1 Sl Jolie Sy s w39y 0 )8 @ Ole 55 Bl (ol &S (g s
Sage:A=matrix ([[-1/2,0,—-1],[0,-2,2],[1,0,—1/2]])

Sage: A.det()

-5/2
Sl (6 aw Sldas 1.1 A

55 3l Jao pl il (gl 5931 K03 O b ) O gt b o K 1 o 8 015 o0

add_multipl_of_row()

Dgd ol

Sage: M=matrix(QQ,[[1,2,3],[4,5,6],[7,8,9]])
Sage: M.add_multiple_of row(1,0,-4);M

[1 2 3]

[0 -3 -6]

[7 8 9]

D5 3 S Oy 634 3y e b w Ol g o

Sage: M.rescale_row(1,—1/4);M
[1 2 3]
[0 % 3/2]
[78 9]
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- & osliz! €helonsize( ) ehelon-form() < ,Ls el ) e Sl ¢SS echelon o ke
:)_9:.«»:\;.450.3)?‘ w}?b)‘ a.ﬁu.‘;w‘\{.ﬁﬁ v.;.h‘?)bb OJ.AT&;»NJJ. QLG%HJJB-

M.augment ()

o5 Je MXED &y 0 LY XFw e ehelon g s 5 4T o o,

oS o D s Ml

Sage: M=matrix(QQ,[[2,4,6,2,4],[1,2,3,1,1],[2,4,8,0,0],[3,6,7,5,9]]); M
2 4

w DN PN
[©) WY NSRRI
~J O W O

1
0
5

o O

Sage:b=vector ([56,23,34,101]);b
(56, 23, 34, 101)
208Tor s 41, €CNRION 3 o 5 5l o 1, (M| D) 5 oy 510 I

Sage: M_aug=M.augment(b); M_aug

[2 4 6 2 4 56]
[1 23 1 1 23]
[2 480 0 34]
[3 6 7 5 9101]

Sage:M_aug.echelon_form()
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[1204021]
[001-10-1]
[000015]
[00 000 0]
V=c(-2,1,0,0,0)+(21,0,1,0,5) ¢ 4 (ol sls » 5l (sebn &K Sl g (sLdd &5 e s o OLS

JWJ)“U‘?O))}TCM-LLQ‘J;M

solve_right()

S D (o oslatw!

Sage: M.solve_right(b)
(21,0,-1,0, 5)

Yol J> 9 (il S ell .Y A

b (gl dlaz iz Coes 534Sy shailen 5355 oo 03lil SOIVE([ ]) s 1 S¥slas > 6l IS 55k @

.r:;fdmu;,ﬂ\f.roots())};w;;lfd\w,\;%agik;ua.i)o;,ﬂ@,g@ﬂm;s
S plas s lhe S palonl f =x2 +y2 — 1 Sk

.v\i,ﬂgwm,A;Luj;d\duqﬁempﬁ;@aﬂbsA:L,.Ag = (X—C)z +y2 —r?

sage: ¢,r = var('c,r)
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Sage:f= x"2+y"2-1
Sage:g= (Xx-C)"2+y"2-r"2
Sage: solve([f= =0, g= =0],x,y)

[[X ==%*(c"2 -2 +1)/c ,y = = - 1/2*sqrt(-c™4 + 2*C"2*1"2 + 2*c"2 — "4
+2 * "2 -1)Ic] ,[x = = 1/2*(c"2-r"2 +1)/c , y = = 1/2*sqrt(-cN4 + 2*cN2* 2

+ 2*¢"2 — M4 +2*r2 -1)/c]]

Jle

Sage: t = var('t')

S o3l simplify_trig ,sws 5l b sl Ol X 51 b 1, Y Ol Sl ol

Sage: cos(2*t).simplify_trig()
2*cos(t)2 -1

x+2y—2z+w = -1

xX+y+z—w=2

Sage: var('x,y,z,w')

Sage: solve([x+2*y-2*z+w==-1,x+y+z-w==2],[x,y])

[[x==3*w-4*2+5,y==-2*w + 3*z2 - 3]]
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(S ) 2l 5131 p 3 Wi b SAQE duslhs

Regular version free.

Algebrator Neven Jurkovic 1986 1999 $58.99 No Proprietary
GAP GAP Group 1086 1986 Free Yes GPL
Java Algebra System Heinz Kredel 2000 20035 Free Yes GPL or LGPL
$2.375 (Commercial), $2.155
Symbaolic Computation| (Government),
— 9, ; ry
Maple e 1980 1984 %;:&“E“;";ﬂ) %jgg No | Proprictary
Waterloo (Student), $79 (Smdent, 12-
Month term)[ 1]
$2,493 (Professional), $1093
) o (Education), $140 (Student), .
M: atica Wolfam Research . : roprietary
Mathematica 1986 1988 $69.95 (Student anmal license) No Proprie
[4] $295 (Personal)[5]
MIT Project MAC and|
Maxima Bill Schelfer 1967 1993 Free Yes GPL
etal
3
Microsoft Mathematics Microsoft ' 2005 Free No Proprietary
Sage William A. Stein 2005 2005 Free Yes GPL
SINGULAR Kaiserslauter| 1984 1997 Free Yes GPL
I
MATLAB MathWorks 1989 2008 $2900 including required MATLAB No Proprietary
Pro version: $4.99 /month. Pro version
Wolfram Alpha Wolfram Research 2009 for students: $2.99 / month, No Proprietary

(20195 ) oLy s Py Wi b Sage 4wl
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Algebrator

? ?
Yes | Yes
Mathematica| Yes Yes | Yes
? ?
? ?
Microsoft
e — ? 7
Mathematics = i
Sage | Yes
P
Wolfram n_:»
Alpha only
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