/ ng,l\bHBI,, \

Nz WNHCTUTYT
<
‘% MATEMATUKW
g X\ W ¢
/ o HAYK

@'g HA-AOHY ‘&3?’ umeHu U.N. Bopoeuya —




~

cC: C: C: C: ..

" Tlinalgj * ¢
” LinearAlgebraj
” VectorCalculus




o h c t o T e e o
— L nd * < (e 0] (e}
O v A W v i’ 7 1 y 77 N 1 ’ [ — ~ 2 n - o nm = o
’ — r - 4 —_—
1 ] n ~ ] n AN o Vector Matrl)( 77 N~ 77 = N\ ] AN ~ - ~
J :
1 n AN ~ 1 ’ ’ 1 77 N\ ~ n ~ o n A o 4 ~
C - - a 2
4 - ~ ~ - 7 ~ 3
1 ¢

~ 7 7 . — 2 1 y ~ v o VAR y AN ~ 2

" lidalg © _ (
- "Mapley - @ -~~~ o T

4 P 4
v ‘ y A v & v W ‘8 T . y o 2
.
-
n ~ AN N ANN 2 1 AN [4 ] 2 (4 - ANN N~ ev I ~ 2 e ANN
7 Y Y _— ’
AN - ~ n ~ n n ~ ~ \ e 1 AN . | ANY 1 3 ~ ~ ~
~ 7 V4 . . - AN ~ > v O ~ v A~A \\-,‘-,II ~ 1 AN o - 7
LinearAlgebra i - 2o " Q
~ 2 n ~ o " AN o 7 ~ - - ~ ~ ~ ~ AN ] 1 1 ’
—_— ’ > 4 > - > c
~ 1 ] ~ n ~ 1 ~ ~ n o
- ) ¢ -
~ 7 A\ ~ 2 v O ¢ ~ v A~A s T 7 p n ~
VectorCaIcqus i - 270 T g
-— - C —
’ > V4
~ v~ y N A N =W n ~ -
— - r -
~ 7 >

¥ 7 “Student Student[ LinearAlgebra ],
Student[ VectorCalculus ]




~.oa™e?”" mt ™~ e " * h t
o c¢c h " e t o h o
T SR
< o . : d,
rAphACf(8hAF“ T
FAps Agsz8S AI’-‘E’”’ -7
R ¥/ =To: (o) g S
R
6 AAOT Oj ¥ ApZF A¢ R“8'h"AT Y'Q
6 AAOT Ofr O x¥j AP hACHh8HKAT ¥Q
> vl = (1, 2, 3), whattype (v1) (> 2= Vector([4, 5, 6]); whattype (v2)
1 [ 4 ]
vi=\2 v2: =1 5
3 6
i Vector_, Vector | )
1= (123); wi ] : o
- H2R): whattype (wl) > w2 = Vector[row]([4, 5, 6]); whattype (w2)
wi=[123] w2i=|456 |
Vector Vector
K_ Fow row
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> A= (L2345, 6)(7, 8, 10)[(11, 12, 13)); | > B == ((1]23). (41516)): whattype(
whattype (A4 ) 1 23
14 711 B:=
A=25 812 456
3610 13] Matrix
| Matrix > M= Matrix([[1, 2], [3, 4]])
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Vector[o](n, init, ro, sym, sh, st, dt, f, a, 0) 7~

ST T T oW T T T T offlumnt T Y T T

7 ~r 2» — .
[} 1 AN ~ n q I A% ~ AN 1 AN - 1] AN s ~ Yy ~ YW \\ |‘ ~ ~
+ 4L
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' shape name® ~ ‘shape=list

’ — ’ ’
~ ] - ANN [1 \\ N ~ ~ n
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datafype
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Ilo YMOITYAHHTIO IICMEHTEL BEEKTOPA - HYIIH

> s ={1=28,2=-1T+1}:Vector(2, s
> Vector(2) { } (2,5)

23
I : \
1 —1
0 _
B 3amaniie >IeMeHTOR Yepes (QVHKITHEO
= VE(?IO?‘(I ..2, 125) = fZ:j%XJZVECfO?‘(S,f)
1.25 x
1.25 X
B Vector(4, symbol= v, orientation = row) _ X |

Vi Yy V3 Yy Henons3oBanie nHnekcHpyioniei GpyHxipm

o > Vector(3, shape = scalar[ 2, 100])

= Vector[row](3, fill=1) _ 0
[ 1 11 | 100
> v = Vector(4, [5,8]) + Vector(4, fill=10) 0]

13 =3anpe*r M3MeHEeHHd HIIEMEHTOBR BEKTOpa
18 | > v = Vector[row]([1, 2, 3], readonly = frue) :

y = > y[1]:=10
10 Error, cannot assign to a read-only
10 | Vector a

(-
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Matrix(r, c, init, ro, sym, sc,sh,st, o,dt, f,a)z” * ~ ot T
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[ s”“lh 1 | I ,vh ~ v 7 ) NN AN f\8
roz” "~ T -7 " Teadonly =tfue ~7 Tfalseh > ° -7 7 7 h
symz ST "'“““1"(" ) "'4“""’_“33?mbo‘|:ha“mé’“”

S‘ Z oo~V vV N4 ) ‘ U N N . ¢ W v ou v ir"]it’ ~_ ~ S’Eaﬁ:"n,ame |
SCan_“Stj ' © 7 scan=columns 7~ AL v 90 (1w v oA

shz” oY Ty Ty Ty e sy oy T T
~  ~ ‘shape=name  ~ ‘shape=list

stz "~~~ v v ey~ o ~igiorage=ndme | © “sfRiige; triangular,
diagonal ' 8 ~ 8(Q

oz’ T~ T oty """“"’ordel‘Cor‘dér(”"""”"'”“"“'

~ n - - » ] A\ ~ » ~

"oider= Fortran_order( ~ = " Z -t
dt z° T T o datafype namé - -
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_Ba,ua}me KBaJPaTHOH MaTPHITEI
[10 YMOTUaHIIO BCE STIEMEHTHI - HYIIH
> Matrix(2)

0 0

00

_Sa,ua}me pazMepOR MATPHIIBL, 3AIIOTHEHIE IeMeHTaMHI
> Matrix(1 .2, 1.3, 50)

50 30 30
50 30 30

=> Matrix(3,2, [[1,2], [3, 4]])
s
3 4
0 0

> A= Matrix(3,2, [1,2,3, 4.5, 6])
St

3 4

5 6

A

a h .

<
> Matrix(4, 3, A, fill = 87)
1 287
3 4 87
5 6 87
87 87 87

> Matrix (2, 3, symbol =m)

i mn mn

1,1 1,2 1,3

1

L i

2,2 2,3

s s={(1,1)=55, (1,2) =66, (2, 1) =77};
Matrix(2, 3, 1)
s={(1,1)=55,(1,2) =66, (2, 1) =77)

35 66 0
7700

=Y1{asa}me (hOpMBI MATPHIIE
> Matrix(3, {(1,1) =50, (1,2) =60}, fill=1,
shape = symmeltric)

50 60 1 |
60 1 1

1 11

)
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OmnpeneneHHe BePXHETPEVTOIIBHOM MaTPHITET
> Matrix (3, fill = 1, shape = triangular)

111
01 1
00 1

_Or[pe,[[enem{e THArOHAIBHOM MaTPHIEI
> Matrix (3, Vector([1, 2, 3]), shape
= diagonal)

1 00 |
02 0

0 0 3

_Ba;[a}me HIEMEHTOB Uepe3 PYHKIHIO

> f=(4F)—i+j, Matrix(3, f)
f=j)—it+j

[ 23 4|

3 4 5

4 5 6

3artoiHeHHE TI0 CTOIOIAM (TI0 YMOITYAHHEO

AIIeMEHTEI 3aITOIBIOTCA II0 CTPOKAM)

> Matrix(3, [[1,2,3], [4,5,6], [7, 8,
911, scan = cohimns)

[ 14 7
275 8
36 9

MarTpHIila 13 OJHOTO CTOIOIA He ABIIIeTC
BeKTOPOM, HYKHA KOHBEPTAIIHMI THITA

> B = Matrix(2, 1, [30, 40]);
whattype (M)

30
40

B

Matrix
> b = convert( B, Vector), whattype (b)

30
40
Vector

b

cofiiii

™
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[hExpressmn J B
CRERLT!

[rUmts (S1) J
»U ) U

nits (FPS) | > | My oMy, ‘
[hCommon Symbols J - -
wMatrix L i 3 1 3, 2 |

Rows: 3= Koneepraimsa mabimoHa B KoMaHTHEE B, (2D-Math)
Columrns: : ::" MQIFIX(?): 23 {(].3 1):???1?1:, (1,2):???1?2, (23 1):???2?1:,

Choose..| (2,2) =my 5, (3, 1) =my 1, (3,2) =my , 1)

Type: (Cu... *) B g

Shape: (Aoy. ) Kormep*rm mabIoHa B KOMaHIHBI BHY, (11D-Math)
Datatype:i:ﬁﬂg v) > Ma.trl}{(.?pf 2.r {(1.r 1) = m[l.r 1] ; (11 2) =m
L et [1, 21, (2, 1) = m[2, 1], (2, 2) =m[2, 2],
[hComponents J B (3, 1) = m[3, 11, (3, 2) = m[3, 2]1})~;

2-D Math * Discard Parsed Meaning
Convert To 4 2-D Math
Format * 2-D Math Input
1-D Math Input

)
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:} with( Lineardlgebra) :
>  RandomMatrix(15)

15 x 15 Matrix
Data Type: anything

Storage: rectangular

Order: Fortran order

= |

Double-click =)

P.
Insert | Export || Done | e

~ ~ 14 poy
o) 'E a t h
~ V/d ’ N\ ~ 4 1 ~ N\ N
1 AN ] ~ ( A\ 4 1 n ANN ~ ANN 1 t
Browse Matrix u
Table | Image | Options
1 2 3 4 5 & 7

1 |44 20 53 -29 20 -04 35 -~

2 |92 -41 -45 o -46 27 26 |

3 |73 -/9 tat 51 35 18 -56

4 -39 o =8 35 -54 18 S0

5 |62 45 -43 =50 -17 53 -04

& |11 -10 -55 20 -25 26 -97 =

7 el -5 -85 39 78 -51 -38

8 |28 47 19 -35 23 =1 -36

9 |48 -54 25 26 -G/ 38 -69

10 |63 =72 17 -74 28 -38 69 |

11 |27 -/9 51 13 -51 -19 -15

12 |58 75 59 32 -36 -55 2

13 12 -85 Q7 a8 a8 71 es

< i
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A linalg [command](arguments)

A with( linalg ): command(arguments)

ST Ty T T matriX T vector
" " Matrix”* Vector

~ ~ Vid

2 r 2> r r

1 - A\N ~ s AN ~ n ~ 1] ~ ANN -

4

N\

> with(linale)
| BlockDiagonal, GramSchmidt, JordanBlock, LUdecomp, OQRdecomp, Wronskian, addcol,

addrow, adj, adjoint, angle, augment, backsub, band, basis, bezout, blockmatrix, charmat,

charpoly, cholesky, col, coldim, colspace, colspan, companion, concat, cond, copyinto,
crossprod, curl, definite, delcols, delrows, det, diag, diverge, doiprod, eigenvals,
eigenvalues, eigenvectors, eigenvects, entermaltrix, equal, exponential, extend, ffeausselim,
fibonacci, forwardsub, frobenius, gausselim, gaussjord, genegns, genmatrix, grad,
hadamard, hermite, hessian, hilbert, htranspose, thermite, indexfimc, innerprod, inthasis,
inverse, ismith, issimilar, iszero, jacobian, jordan, kernel, laplacian, leastsqrs, linsolve,

maradinor, minpoly, mulcol, mulrow, multiply, norm, normalize, nulispace,

orthog, permanent, pivot, potential, randmatrix, randvector, rank, ratform, row, rowdim,

rowspace, rowspan, rref, scalarmul, singularvals, smith, stackmatrix, submatrix, subvector,

sumbasis, swapcol, swaprow, syilvester, toeplitz, trace, transpose, vandermonde, vecpotent,

K— vectdimromk:’an ]

]

N\ ~

v/
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::> with( linalg) -
> A = matrix(2, 3, [ 1,

2:‘ 3:‘ 4:‘ S:‘ 6]); U’pe(A:‘
matrix ), whattype (A)

1 2 3
A=
4 56
frue
symbol
> v:i=vector([1,2,3]); type(v, vector);
whattype (v)
v:Z[ 1 23 ]
frue
symbol
> [:=11,2,3]: type(l, vector), whattype (a)
false
symbol
> Iv == convert(l, vector), whattype (Iv)
hv :=[ 1 23 ]
symbol

t o h o ||n*a|g a

= IV = convert(l, Vector), whattype (I1")
1
=112
3

Vector
cofiimi

s A4 = convert( 4, Matrix) : whattype (A4)

Matrix
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KOMaHJIy array

> array( 1.3,1 .3, identity ),

> array(1.2,1.2, diagonal);

trite

symbol

4
A4 =1| 6
8

trise

symbol

1 00
010
001

> d=array(1.2,[4,5)); type(d, vector), whattype (d)
d:Z[ 4 5 ]

5
7
9

C TTOMOIIBIO array MOXKHO 3aJaPaTh MATPHILI CTIEIHATTLHOTO BHIA

Jmd 3aiaHusa BeKTOPOR M MaTPHII I TTOCIenyIoei paboTel ¢ KoMaHmamy nakeTa linalg MOJKHO HCIIOIB30BATE

> A4 =array(1.3,1.2, [[4,5],[6,7], [8,9]]); type(AA, matrix), whattype(AA)

®)

(10)

11)

N
v/
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A LinearAlgebra [command](arguments)

A with( LinearAlgebra ). command(arguments)

> with( Lineardlgebra)

| &x, Add, Adjoint, BackwardSubstitute, BandMatrix, Basis, BezoutMatrix, BidiagonalForm, BilinearForm,
CharacteristicMatrix, CharacteristicPolynomial, Column, ColunmDimension, ColumnQOperation,

ColumnSpace, CompanionMatrix, ConditionNumber, ConstantMatrix, ConstantVector, Copy,
CreatePermutation, CrossProduct, DeleteColumn, DeleteRow, Determinant, Diagonal, DiagonalMatrix,

Dimension, Dimensions, DotProduct, EigenConditionNumbers, Eigenvalues, Eigenvectors, Equal,
ForwardSubstitute, FrobeniusForm, GaussianElimination, Generate Equations, GenerateMatrix, Generic,
GetResultDataTvpe, GetResultShape, GivensRotationMatrix, GramSchmidt, HankelMatrix, HermiteForm,
HermitianTranspose, HessenbergForm, HilbertiMairix, HouseholderMaitrix, IdentityMatrix,

IntersectionBasis, IsDefinite, IsOrthogonal, IsSimilar, IsUnitary, JordanBlockMatrix, JordanForm,
LA Main, LUDecomposition, LeastSquares, LinearSolve, Map, Map2, MatrixAdd, MatrixExponential,
MatrixFunction, MatrixInverse, MatrixMatrixMultiply, MatrixNorm, Matrix Power, MatrixScalarMultiply.
MatrixVectorMultiply, MinimalPolynomial, Minor, Modular, Multiply, NoUserValue, Norm, Normalize,
NullSpace, Outer ProductMatrix, Permanent, Pivot, PopovForm, ORDecomposition, RandomMatrix,
RandomVector, Rank, RationalCanonicalForm, ReducedRowEchelonForm, Row, RowDimension,
RowOperation, RowSpace, ScalarMatrix, ScalarMultiply, ScalarVector, SchurForm, SingularValues,
SmithForm, StronglyConnectedBlocks, SubMatrix, SubVector, SumBasis, SylvesterMatrix, ToeplitzMatrix,
Trace, Transpose, TridiagonalForm, UnitVector, VandermondeMatrix, VectorAdd, VectorAngle,

K VectorMatrixMultiply, VectorNorm, VectorScalarMultiply, ZeroMatrix, ZeroVector, Zip |

O
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" __VettorCalculug =~ "o n 0o a ™ e’

A VectorCalculus [command](arguments)
A with( VectorCalculus): command(arguments)

> with(VectorCalctihis)

[&x, ™, '+, -, ., <,=, <|=, About, AddCoordinates, ArcLength, BasisFormat,
Binormal, Compatibility, ConvertVector, CrossProd, CrossProduct, Curl,
Curvature, D, Del, DirectionalDiff, Divergence, DotProd, DotProduct, Fhix,
GetCoordinateParameters, GetCoordinates, GetPV Description, GetRootPoint,
GetSpace, Gradient, Hessian, Jacobian, Laplacian, Linelnt, MapToBasis, Nabla,
Norm, Normalize, Pathint, PlotPositionVector, PlotVector, PositionVector,
PrincipaiNormal, RadiusOfCurvature, RootedVector, ScalarPotential,
SetCoordinate Parameters, SetCoordinates, SpaceCurve, Surfacelnt, TNBFrame,
Tangent, Tangentline, TangentPlane, TangentVector, Torsion, Vector, VectorField,

VectorPotential, VectorSpace, Wronskian, diff, eval, evalV'F, int, limit, series |

)
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:> with( Lineard lgebra) .

Hymeras MaTpHia
= ZeroMatrix(3)

_HyJIEBOﬁ BEKTOP
= ZeroVector(2)

EAVHHYHEL BeKTOP
UnitVector(i, d) 3agaeT sexrop JIMHEI d ¢ eMHHLIEH Ha
TIO3HITH i

= UnitVector(2,3)

_E,I[IIHIFH—IEIH MaTpPHILIA
> IdentityMatrix(2)

1 0
01
=,E[Har0HaﬂLHaﬂ MATPHIIA

>  DiagonalMatrix([a, b, c])

a 00|
0b 0
0 0 ¢

>  RandomMatrix( 3 )

27 99 92 |
8 29 -3]
69 44 67

CryyaiiHad MaTpHIA ¢ LEeBIMH UHCIIAMH

O
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> yi= (23.5,-1.7, 8.2)

(> y[1]

_BLI,I[EHE}H{E MTOIBEKTOpa
> v[1.2]

> y[-1]
4 5 6
> M:==| -7 -8 -9
101 102 103
> M[2,1]

-1.7

23.3

235 \

8.2

235 |

3.2

BrimeneHie MoIMAaTPHIIEL:

1-it apryMeHT - HOMepa CTPOK,
2-1t apryMeHT - HOMepa CTOIOIoB
> M[1.2,2.3]

N

©
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LinearAlgebra :
Dimension(A) 7°
RowDimension (A) 7.
ColumnDimension (A) z.

[4 7 N\ [4

A4 \\

linalg :
vectdim (v) 7°
rowdim (A) 7.
coldm@A)z, ~ > > 77

- ~ n W 1 ]

1 A \N 1 ] ~ ~\

:} with( Lineardlgebra) :
> M = RandomMatrix(2,3)
l 33 =77 27

M=
-98 57 -93

> Dimension (M)
2,3

> v = Vector([5,6,7]) : Dimension(v)
3
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LinearAlgebra :
DeleteRow(A, L,outopts)z' ~ ~ ~ > "~ - <A 0T T
DeIeteCqumn(A Loutopts)z SR R VA
LZ A l”v ~ | S _ 1 ( . 1 ] A X\ s j- ‘ 1 N v oA ’ « ~ qﬁ
outopts -(" © " "8_ ~ © o~ Yt GutEptoptions — Y . S T v T o
S~ 7R pltplitoptions=[datatype=float,shapeE 8 8 ¥
linalg :
delrows (A,i..j) Zc - c o w o R . LA
delcols(Aij)z" =~ Tt T v o mca v T e
:> with( LineardIgebra) . B
> A=(1,2,3)4, 5, 6)0(7. 8, 9) > DeleteColumn(4, 2 .3)
1 47 1
A=[258 5
1369 ;
= DeleteRow(A4, 2) => DeleteRow(A. [1.3])
1 47 [2 . 8]
369 _
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[ < * * *
- 2 m t h o m t
* - < ] < * < —_— *
LinearAlgebra :
Row(A, L,outopts)z =~~~ _ -~ "~ A>T T
Column(A, Loutopts)z A S o
LZ AN |,,v’n . ~ ~v o~ 7 - 1 ( ‘ I y A N j- I | S ~ q
outopts -(" © " "8_ " 7" Volt@itoptions ~ T _ T T 7 T "
ST h obutputdptions= [datatype-float shapeE 8 8 Y
linalg :
row(Aij)z ~ "~ Ty T TR
col(Aj)z =~~~ oo ’VA? .

> a = Row(A, 2), whattype(a)

=Z>* with( Lineardleebra)
B ( gebra) a=[2550 -50 -38 ]

> A = RandomMatrix(4)

13 -2 -9 -8 ] I Vector, .
25 50 50 -3% > B = Row(4,1.3) _
A = B=[43 -2 -9 -81 |,

94 10 -22 -18
12 -16 45 87

L ! - [94 10 -22 —18:

[25 50 —-50 -38

— ¢
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C h mt ~ 0 ~ mt h o m
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LinearAlgebra :
RowOperation (A, K, s,ip,outopts)z> * -~~~ > 7"~ A7~
ColumnOperation (A, K, s,ip,outopts)z> >~~~ =~~~ <> <>~ A
RowOperation (A, [ri,fjDz" =~ " "> 7T & * '~ K |
ColumnOperation (A, [cici)z" =~ " ' "> "7 ’¢ci ¢g" > """ A
linalg : ’ ’ ’ ,
swaprow (Arirj)z -~ "t T T AT
swapcol(A,cicj)z” =~ 7 "’ ST AT T T aal
;> with( LinearAlgebra) [ > RowOperation(4, [1,3]) [~ ColumnOperation(4, [2.3])
> A = RandomMatrix(3) ~61 0 -80 % 31 -48
86 -48 31| 20 77 -50 20 -50 77
A=| 20 77 =50 86 -48 31 -61 -80 9
61 9 -80 | | - | |

©
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m ~"o ° e X a e o’ e m
< * < * < * <
LinearAlgebra :
- T T R(’SV\/‘Operat'ion/CqumnOperation
RowOperatlon (A [ri,h] ] expr)z oo i —r|+rj ¥expr,”  8xprz
4 v ~~ " addrow )} Y s s
ColumnOperatlon (A [CI cjlLexpr)z = ' T " T "7 7 ci‘cl:=ti¥c[*expr,” = éxpr
Z. CT RN -o (o [ofo] ) PR T
RowOperation (A, rexpr)z' ' " = = = " " """ "7 77T @xprir=rt expr
" mulrow )
ColumnOperation (A, c.expr)z' = "> "~ " "~ ¢**» >~~~ " eéxprt ~
c:=C*exprj ° mulcol)
linalg :
addrow (A ri,rj,expr )z STt Tt T nchErrexpr+g . éexprz, 0
ooy s - :
addcoI(A ci,cj, expr)z Tt Tt T cilcii=ci*expr+cj,” éxprz, 7
i 7 . n v P 1 A N
( 7 -:) ’ ~ 5 ’ ’ 5 > ’ 2
muIrow(Arexpr)z ST h -~~~ ~“AY -~ =m0 0
T . expr
mulcol (A,c,expr)z =~ -~~~ "7 o
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C h"“C m O m t o Ca\
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< * < * < * <

=Z>* with( Lineardigebra) A = Matrix([[1,2,3], [4,5,6],[7.8,9]])

12 3
A=14 5 6
78 9

B RowOperation(A, [ 1, 3], 100)#caoxcerntie cmpoxr

701 802 903
4 5 6
T8 9

B ColumnOperation(A, 2, 10)#ymnoxncertie cmorblya
1 20 3

4 50 6
7 80 9
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C < e cooaﬁtmtz%h*eo,
LinearAlgebra :
SubMatrix (A, 1, c,outopts )z~ , 7 7 ° E W
o o~ j..‘\_\?,\t-,q..‘“,..n“‘,,,-h“.“,.. q
SubVector(V, i, outopts ) 7~ R A T &
SN - T
Minor (A, 1, ¢, out, meth,outopts )z~ , |~ ' 7~ " M(i! )” .
o ALY T T A aut” o P T e e
output matrlx | / output determlnant G ",_ Y 'methz . (]
linalg :
submatrix (Ari.rjci.cj)z” , oy sy
subvector (v,i..j) 7~ R .
mlnor(A,l,J)z St T S TR
det(minor( A,,)) )z~ . . e T | cT

-




-} with( Lineardlgebra) - A .= Matrix(3, [[1,2,3], [4,5,6],[7,0,1]]) \

A=14 56

> SubMatrix(A, [1,2],[2..3])

> V= Vector[row]([1,2,3,4,5,6])
v=[123456|

> SubVector(V,[2,4..-1,1])

2456 1]
> Minor(4,2,3)
-14
> Minor(A, 1, 3, output = [ 'matrix',determinant' |)
4 5
. =35
70
> Minor(A, 2, 2, output = [ 'matrix'), outputoptions = | datatype = float )
1. 3.
7. 1. @
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0 e X a e o’ e e
< < * < * < *
LinearAlgebra :
A#BZ TS T v T T o e s -
A*Czt ! T N T v ] LA A . A" O BN ’”’é tv _ jﬂ ~ v 7y
- 0T " Add(ALB)” T ‘MatrixAdd (A,B)” Multiply( A,c)
linalg :
evalm (A+B) matadd (A B)z‘ R O =
matadd (A,B,c,d z° = " _ 7~ AFdB: evalm (A*c+B*d)
evalim(A*)z* "~~~ " 7 T T
=> with( Lineardlgebra) - A = Matrix([[1,2], [3,4]1]); [> 4 + B, 4100
B == Matrix(2, [ 10, 20, 30, 40]) 11 2
4 12 133 44
3 4 100 200
10 20 300 400
B = _
30 40 > yvi=(1,2,3):10'v
- [ 10 |
20

O
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“ t h - e o0

™

- a Mt toh e oe o x a
* ) < * P — * 1 <

LinearAlgebra :

A.BZI’ ) A~ 7 -'" W v jllv"\\l ! t ’ y ? ~ “Vq e L L

MatrixVectorMultiply (A, u)z' * "> "~ """ A" "G Y0

MatrixMatrixMultiply (A,B)z* * "> " ~" "~ A"~ g ¢

T 7 Y Multiply(A,BY,
linalg :

evam(A&B)z" "~ " ""AB " TA B

multipy(AB) z° -~ " “"AB" * " " A B

=> with( Lineardigebra) : A = Matrix([[1, 2], [3,4]]):
B = Matrix(2, [ 10, 20, 30, 40])

1 2
3 4

A=

30 40

10 20‘

70 100
150 220

> v = (100, 150) : 4.v,
400
900

=> MatrixMatrixMultiply (A, B)
70 100 ‘

150 220

=> MatrixVectorMultiply (A, v)

900

400 ‘
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LinearAlgebra :
AMnz™ " "
AN-DZT, LT T T

linalg :
evalm(A™)z~ " °

~ W ~

=> with( Lineardlgebra) -4 = Matrix([[1,2], [3, 4]])
1 2
A=
3 4
> A4
37 54
81 118

B with(finalg) : B == matrix([[1, 2], [3, 4]]);
1 2
3 4

B =

> evafm(83)
37 54

81 118
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1 % < * < fee)
LinearAlgebra :
AN-1)Z™ LT T T T T s s e e
MatrixInverse (A)
T ‘7 Matrixinversé (A, m, mopts, c, out,outopts ) Z ' H&Ip
linalg :
evalm(1/A)
iInverse(A)
[ > with(Lineardlgebra) : A = Matrix([[1, 2], [3,4]1]); | = with(linalg) : B = matrix([[1, 2], [3, 4]]);
' 12
4= L2 B = ‘
3 4 3 4
=>- A1 B evalm(1l/B) ;
2 1| -2 1
3 1 3 1
2 2 2 2
=> MatrixInverse(A) =;> inverse(B)
21 -2 1
3 1 3 1
k _ 2 2 | 2 2
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LinearAlgebra :

AN%T)z -~ e T ] SR
Transpose(A)
A"(%H)Z,"'° L s j> T

N\ n 2 ~ AN ~ 7 n 2 ?

HermitianTranspose (A)
linalg :
transpose(A) = htranspose (A)

> with( Lineardlgebra) A = Matrix([[1, 2], [3,4]]);
1 2
A=
3 4
[ 47T
13|
2 4
=> Transpose(A)
13|
k 2 4

(o W= Matrix([[1 +2-L1), [3 — 4-1,-11]);

1+21 1
W=
3—471 -1
~ g
1—21 3+41
-1 1

> HermitianT ranspose (W)
1 —21 3+41

-1 I
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LinearAIgeBra :
Determinant(A) 7z~ . .~

Rank(A)z~ "~ '~
Trace(A)z' =~~~ ' "7 . j
linalg :

det(Ayz> * "~~~ "> 7 0
rank(A) z° = " °
trace(A) z° 7 °

B with( Lineardlgebra) : A = Matrix([[1, 2], [3, 4]]);
1 2
A=
3 4
=:> Determinant(A)
-2
= Rank(A4)
2
> Trace(A)
N :
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>
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LinearAlgebra :
Norm(A, p,c) zp- ~ ~
MatrixNorm (A, p,c)zp- = ~

VectorNorm (A, p, c) Zp: T o “ch S

e pj"“"'""‘vqihfir"]it,y)+ E

. ~ ~ Vi 3y AN ~ AN ~

r
77 A 4 N\ ~ n ANN ~

2, Euclidean” ~ 'Frobenius 7.
infinity 7'~

2 4 z 4
V{4 [4 1 0~ ] AN ~ ~ I \\\\ A~ 1

17
MatrixNorm (A, l) = maxéeq(VectorNorm(A[l -1, j] 1),j=1 CqumnDlmensmr(A)))

infinity z© 7 T T T o
MatrixNorm(A, infinity) = max(seq(VectorNorm(A[l 1. 1] 1),i= 1 RolemenS|on(A)))

2" 7 Euclideanz' * ~ 7'~ S
MatrixNorm (A, 2) sqrt(max(seq(ElgenvaIuee{A A’\(%H))[l] |—1 RowDimension(A))))

Frobenius z° =~ === =" ©e

MatrixNorm (A, Frobenius) = sqrt(add(add(abs(A[i,j]"2, j = 1 ..ColumnDimensiorn(A)), i=1

RowDimension(A)))

r
7 1 ? 1 ~ n o - ANY 1 ANY t ~ ~ ~ 1 ~




s

v " riofmhame

w

7 7 dormhamé

"o h a . a ~ t h C t o ho
linalg : . " o=
norm(A, normname ) 7" ~ ° .
norm(A ) zinfinity - =~ I | (-’ N I RPN - Fawn q

~

1, 2, 'infinity’, ' frobenius .

» 2 2 >=] infinity!, ' frobenius

.
’ <

> with{Linearalgebra):

A =
1 01
A= -1 1 0
011
> Norm(A,Z) ;
/3
> B =
10 0 2
0 9 4
B =
1
0 — 1
2

<<1,-1,0>|<0,1,1>|<1,0,1>>;

<<10,0,0>1<0,9,1/2>1<2,4,1>>;

> MatrixNorm{B,1l) ;

10

> wvi=Vector([l,2,3]):

> VectorNorm(v) ;
3

> VectorNorm(v,2) ;#eBRIMOOBA HOPMa

[T

©
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LinearAlgebra :

linalg :

IsDefinite (A, q)z R A
Tty T Yyttt AR T T T T T quéry = attribute

~ attribute © | * 4
‘positive_definite’ z S vy s s syl O Y xIFCY g

.
i
XH (N ¢ A T o y ~ 7 n IR 2 NN -’n A A ~Mm7? ugy e’ ~9T A A A z ﬂ\\ -
¢ Z-r <

'positive_semidefinite'’ z* >~ 7 T Y Y T Y Y oy AX7 O o
‘negative_definite' z° '~~~ ' Y S XPAXO T g
‘negative_semidefinite' z° '~ T T T v N Y M AMEDT T T

'indefinite’ z* -~ "~~~ YT

~ W ~ ~ ) - AN A\ % A\N . y

IsDefinite (A)z~ =~ ° _ S
Ah 8 ~ 8 * “guery='positive definite’

r
~ W ~ ~ ) - A\N ~ /\\\ - A ] ~ ~ ] ~ ~ 1] 4

definite( A,kind) z _ ) * ) |
NN v A v v v v "o g ’IA\E' v ~) klndv N A vy v oA n ! ’

>

~

. ~ positive” def”, podjtlve_semidef ', 'negative_def
"negative_semidef" @

1 ~ ~ t =

2




> with( Lineardlgebra) - A =Matrix(2,2, 2,1, 1, 3])

21
A=
1 3
B IsDefinite(A)
frue
> with(linalg) : A4 = matrix(2,2,[2,1,1,3])
21
AA =
1 3
=> definite ( AA, positive _def")
frue
> B = DiagonalMatrix([ -5,0, -1])
-5 0 0
B = 00 0
00 -1
B IsDefinite ( B.'query'='positive semidefinite')
Ffalse

OauHapHbIe KABBIYKH MOYKHO OIIyCTHTE!
> IsDefinite (B, query = positive semidefinite)
false

B IsDefinite ( B, query = negative semidefinite)
frue




X €

LinearAlgebra :
IsOrthogonal (A) "7

~ W

87 8 ' AA =MA=I]
IsUnltary (A)z T T
T RA = ATA=

linalg :
orthog(A)z" =~~~ ~ _ ~
:> with( Lineardlgebra) -
> A=Matrix([[1,2],[3,4]])
1 2‘
A=
3 4
=> IsOrthogonal (A4)
i false
__<<.m-3 J_><mf 3mf>>
> Q= . .
10 _ 10
_m _I_W
o= |
k | ——g V10 —IJ_

:> with(linalg) .

> B = mafrix[

=> orthog(B)

~ ~
C a
*

v F] ~ \A\‘s ~
F] ~ w ng ? y
~ 1 LY \TN\TI\\ ~ - ~
> IsOrthogonal( Q)

Jfalse
> IsUnitary(Q)
frie

1

3

frue

1
2

)

3

1
2
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LinearAfgebra ;

8

Elgenvalues(A) z- 7 77 CT ’ o ’ - AT
N v A ’ 8 ~ W\ v n ( ° 1 " ) I 1 1 q,

Elgenvalues(A C, |mp 0, outopts)z ooy o oy

T det(ambdaCA) L _

Imp Z N\ — N\ VV ’ ~ F]II 7 ~ ? - i L e A
; . i N ‘ implicit=true’
~ 1 7 ~ n ~ ~ IIRéOIOf‘ n AN 1 ~ ~

~ 7 output’="obj,”

07 T e -
' " ' "VEctor[row]'

~Obyt

’ -
AN | ~ n 1 1 ~ t

‘outputoptions
butputoptions=[tatatype=float,shapeE 8 8 ¥

outopts 7"
N R F]
linalg :
eigenvalues(A) ~ ~ ‘eigenvals (A)
. elgenveﬂues(A C) elgenvalues(A 'implicit’)

[1 ] n ANY o ~ ~ A\Y ] ~ V4 ~ |
— ’ ?
E I nv | S ( n V CS) V4 AN AN ] ~ ASN . - n n ANN — ASN 1
n ~ \\ e ~ A ] 1 1 1 ? ~ » e 1 ANN N 1 ] ~ v
]
- - r 14
~ v V4 ] AN ~ ANY ~ - AN 1 ] AN ~ ~ (-4 ~ 1 ~ ] ~

vecs) ' j

“implictt

“"Vector[column]' ,o 1 EVOO

’
Vid ) AN ~ ~

- ANN ~

AN Vid

,eilgenvalues(A, 'radical’)

~




A Ny v I 7 s Y
éc( t h Ee.m o ) Y m

LinearAlgebra :

Elgenvectors(A) 2" 77T ’,ﬂ Co S - S T e
Eigenvectors(A,C,imp,o,outopts)Z“ Co e e SN
CZ',I’",,’ i - . T T L

ST det(lambda’C-A) ~ ,
h

3y Vid ANN ~ ~ ~ [3 4 3y ~ 1 ~ ]

Imp Z ‘\’ . vv o " ’ o v 2 . L o 2> - I4 - -~ 2 .¢ "\\ « ~
N ‘ implicit=true’ _ Timplicit

~(*,‘:“"," ~  'RootOf " T ~T T
oz" v Yoot ”(”“_output—obj, dbj e T

oot T ‘values' , Vettors' | 'list' e
outopts z” ~ " Y outputoptions © > " ST Ty
~ oo s 0T dutpdtoptions=[datatype=float,shapeE 8 8 Y
linalg :

eigenvectors(A) ~  ‘eigenvects(A)

077 eigenvdctors(A, implicit’) |, eigenvectors(A, ‘radical’)

R SR R R

Elgenvals(Avecs)z STy e s sy e sy

r
E ~ . ~ A ] 1 1 1 ~ . 1 AN A 1 ] ~ v n n ¢
b

~ v V4 ] ANN ~ ANN ~ - AN 1 ] ANN ~

“vecs) ' j

&




/; > with(Lineardlgebra) :
> A= Matrix(3,3, [x,0,y,x,¥,0,y,0,x])
x 0y
A=[xy 0
¥y 0 x

Cob6CTReHHbIE UHCTTA B BHIE BeKTOP-CTONGIA
> Eigenvahies(A4)

y
yv+x
X—¥

=C060TBeHIHIBIe UNCIIA B BHIE CTICKA
> Eigenvalies (A, output = list)
i [y y+xx—y]
> B= Marrix( [ [33_-{3 0]3 [I:v 33 0]3 [03 03 4]])

3 -10
B=|1 3 0
0 0 4
=> Eigenvalues( B, outpit = list)
[2,4,4]

> M=(1,4, -2)|(-1, 0, 1)(-1, 2, 1))

1 -1 -
M= 4 0
-2 1

S Eigenvalies (M, output = list)

[2,1, -1]
\=

1
2
1

CoOCTBEHHbIE UHCTIA B HEABHOM BHJIE
> Eigenvalues (M, implicit, output = list)

_Ba,t[a}me oTmt outputoptions KOHCTpYKTOpa

= rectangtlar, datatype = float|)
30. —23. 9l

| CoBcrrenmbie umema B BHJIE BEKTOP-CTPOKH
> Eigenvalues (R, output = Vector| row])
[ —103.221603816942689 36.39350990097986775,

121.826504807143976 ]

[2, Rt::u:)tOf(_Z2 + 1, index = 1), Rou::ntOf(_Z2 + 1, index = 2) ]

> R = RandomMatrix (3, outputoptions = | shape = symmetric, storage

R=| —23. 63. —38
91. —38. —38.

Hemonpszopanie komamasl Eigenvals
> C=array([[1,2], [3,4]])

12
C =

B Eigenvals(C, vecs); vecs
12

, vecs
4

=> evalf ( Eigenvals (C, vecs) ), print(vecs)

Eigenvals [

vecy

[ —4.527868129 0.4417089775 ]

0.3657674650 —.9230523142

—.8245648401 — 4222291304 ‘

| McmionpzoBanie KoMAH TaKeTa linalg

> efgenvals(4)

»ytxx—y

;> with(linalg) A = matrix(3, 3, [x, 0, y,x, ¥, 0,3, 0,x]) :

™




:> with( LinearAlgebra) :
> A ::Marrix(SD 39 ['x:‘ ODyD'x:‘y? ODyD Obx])

x 0y

A xy 0

y 0 x

CoOCTBeHHEBIE YNCIIA B BIE BEKTOP-CTONOLA M MATPHIIA H3
COOCTBEHHEIX BEKTOPOR IT0 CTOI0IIAM
> Eigenvectors(A)

1 0 -1
y+x
X
Y SR -2y+x
YUY 0 1

Tombko MaTpuIia #3 cOGCTREHHBIX BEKTOPOB IO CTONOIaM
> Eigenvectors(A, outpuit = vectors)

01 -1

X
bl -2y+x
01 1

Crmcok u3 coOCTREHHBIX 3HAUYEHHI, MX KpaTHOCTel 1
COOTBETCTRYIOIINX WM COOCTBEHHBIX BEKTOPOR
> Eigenvectors(A, output = list)

. B Matrix([[3,-1,0], [1, 3, 0], [0; 0, 41])

3 -10
B=|1 3 0
0 0 4

[Iprnep KpaTHOTO COOCTBEHHOTO 3HAUEHHS
> Eigenvectors( B, output = list)

I -1 0
2,1, 1 , |14, 2, 1 |10
0 0 1

0 1 -1
X

yD]'D 1 > y+x313 1 =] x_yD]'D‘ _2y+x
0 1 |

Hcnonszoranme KOMAHJ, ITAKeTa ]malg

| > with(linalg) :
3 ] [ 1 ”J
27 2 ' 2 72

> B = matrix[

M|'—‘

CobeTREHHOE JHaUYCHHE, €TO KPAaHTHOCTE H COOTE. cobeT. BEKTOP

o 3

> eigenvectors(B)

Rl
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LinearAlgebra :
CharacteristicPolynomial (A, lambda) 7.
P.(/)=det(/I - A
MinimalPolynomial (A, lambda) 7'

Characterlstchatrlx (A, lambda, outopts ) z.
| '~ lambda *1 z A

linalg :
charpoly (A,Jlambda)” minpoly (A,lambda)
charmat (A,lambda)

]

~

B CharacteristicPolynomial (M, x)
24+ % —4x"+5x

2> solve (%, x)
2, 1,1

\j> Eigenvalues (M, output = 'list")

B with( Lineardlgebra), M = (1, 0, 0)|(1 1, 0)|(0 3,2) => CharacteristicMatrix (M, lambda)
1 10 A—1 -1
M=]013 0 h—1
_ 00 2 | 0 0




/7 h a e a ™ t h C m ¢\

> o h © * e o
LinearAlgebra :
JordanForm(A)z" >~~~ _ -7 sty g
JordanForm (A, out, outopts, ...)z~> ¢ >~ T " T T oo n
5~ 'TOOh@P' E' O18

outz "~ " "' "1 OOPOOTE O*B -

~ ~ ANN q
A Y
’
~ ~ ' ] ~ y ? ~ ] = - - ASN
- 4 +

outopts 7~~~ ' outputoptions ~ ~

linalg :
jordan (A)




