
˘̗̠̆̋̉ υ

˘̠̉̎̆̊̎́ ́̌̄̆̂̑́ ̃ Maple

˜̜́̋̆̓ ̌̉̎̆̊̎̏̊ ̜́̌̄̆̂̑Ȣ ˞̓̑̔̋̓̔̑́ ̗̜̍́̓̑̉ ̉ ̃̆̋̓̏̑́Ȣ 

˛̜̒̎̏̃̎̆ ̘̜̍́̓̑̉̎̆ ̉ ̜̃̆̋̓̏̑̎̆ 

̗̏̐̆̑́̉̉Ȣ

˝̙̆̆̎̉̆ ̘̈́̅́ ̌̉̎̆̊̎̏̊ ̜́̌̄̆̂̑Ȣ 

ˏ̜̆̋̓̏̑̎̊ ́̎́̌̉̈

˚́̒̆̅̋̉̎́ˍȢ ˍȢ

˽͔͊ͭ͟· ͦͣͨ͟ΈΌ͔͚ͭͪͤͦ ͎͔͊͋ͪ͡·



˽͔͊ͭ͟· ͙͔͚͚ͤͤͦ͡ ͎͔͊͋ͪ͡· 

ü˛̂̈̏̑ ̐́̋̆̓̏̃ ̌̉̎̆̊̎̏̊ ̜́̌̄̆̂̑ 
ü˗̜̏̍́̎̅ ̉̈ ̒̓́̎̅́̑̓̎̏̊ ̂̉̂̌̉̏̓̆̋̉
ü˜́̋̆̓ linalgɉ̙̔̒̓́̑̆̃̉̊Ɋ
ü˜́̋̆̓ LinearAlgebraɉ̏̒̎̏̃̎̏̊Ɋ
ü˜́̋̆̓ VectorCalculus



·˚̝̙̠̆̂̏̌́ ̘̝́̒̓ ̋̏̍́̎̅ ̌̉̎̆̊̎̏̊ ̜́̌̄̆̂̑ ̖̠̎́̏̅̉̓̒ ̃ 
̒̓́̎̅́̑̓̎̏̊ ̂̉̂̌̉̏̓̆̋̆ ɉVector , Matrix ̉ ̜̎̆̋̏̓̏̑̆ ̅̑̔̄̉̆Ɋ

·˛̠̒̎̏̃̎́ ̘̝́̒̓ ̋̏̍́̎̅ ̌̉̎̆̊̎̏̊ ̜́̌̄̆̂̑ ̖̠̠̎́̏̅̓̒ ̃ 
̗̝̜̖̒̐̆̉́̌̎ ̖̐́̋̆̓́

·˜́̋̆̓linalg ̜̂̌ ̜̆̅̉̎̒̓̃̆̎̎̍ ̐́̋̆̓̏̍ ̌̉̎̆̊̎̏̊ ̜́̌̄̆̂̑ ̃ 
̜̖̒̓́̑ ̠̖̃̆̑̒̉  Mapleɉ̅̏ φ-̊Ɋ, ̃  ̜̖̒̏̃̑̆̍̆̎̎ ̠̖̃̆̑̒̉ ̘̠̒̉̓́̆̓̒ 
̙̔̒̓́̑̆̃̉̍Ȣ ˚̆̅̏̒̓́̓̋̉:
·̖̝̎̆̏̂̏̅̉̍̏̒̓ ̝̠̉̒̐̏̌̈̏̃́̎̉ ̜̋̏̍́̎̅ evalm
·̘̜̏̄̑́̎̉̆̎̎̆ ̃̏̈̍̏̇̎̏̒̓̉ ̠̅̌ ̜̑́̂̏̓ ̒ ̘̜̉̒̌̏̃̍̉ ̗̍́̓̑̉́̍̉

·˜́̋̆̓ LinearAlgebra ɉ̠̠̐̏̃̉̌̒ ̃ φ-̊ ̃̆̑̒̉̉Ɋɀ̏ ̒̎̏̃̎̏̊ ̐́̋̆̓ 
̌̉̎̆̊̎̏̊ ̜́̌̄̆̂̑ ̠̅̌ ̜̑́̂̏̓ ̒ ̗̍́̓̑̉́̍̉ ̉ ̃̆̋̓̏̑́̍̉ȟ ̔̅̏̂̆̎ 
̠̅̌ ̘̜̖̍́̓̑̉̎ ̜̘̃̉̒̌̆̎̉̊

·˜́̋̆̓ VectorCalculus ɉ̠̠̐̏̃̉̌̒ ̃ ψ-̊ ̃̆̑̒̉̉Ɋɀ̋ ̜̏̍́̎̅ ̠̅̌ 
̃̆̋̓̏̑̎̏̄̏ ́̎́̌̉̈́

·˜̜̏̅̐́̋̆̓̐́̋̆̓́ Student: Student[ LinearAlgebra ] , 
Student[ VectorCalculus ]

˻͋ͦͪ͘ ͔͍ͨ͊ͭͦ͟ ͙͔͚͚ͤͤͦ͡ ͎͔͊͋ͪ͡·
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˗́̋ ̝̈́̅́̓ ̃̆̋̓̏̑ȩ
·˞ ̝̟̐̏̍̏̚ ̜̖̔̄̌̏̃ ̒̋̏̂̏̋ȡ
ЃÁρȟÁςȟȣȟÁÎЄɀ̃ ̆̋̓̏̑-̗̒̓̏̌̂̆
ЃÁρȿÁςȿȣȿÁÎЄ ɀ̃ ̆̋̓̏̑-̒̓̑̏̋́ 

·˞ ̝̟̐̏̍̏̚ ̜̋̏̍́̎̅-̋̏̎̒̓̑̔̋̓̏̑́ Vector ɉ̝̙̂̏̌̉̆ ̃̏̈̍̏̇̎̏̒̓̉ȟ 
̒̍Ȣ Help)
6ÅÃÔÏÒɉɍÁρȟÁςȟȣȟÁÎɎɊɀ̃ ̆̋̓̏̑-̗̒̓̏̌̂̆
6ÅÃÔÏÒɍÒÏ×ɎɉɍÁρȟÁςȟȣȟÁÎɎɊ ɀ̃ ̆̋̓̏̑-̒̓̑̏̋́

˴ͦͣ͊ͤ͒· ͙͘ ͚ͫͭ͊ͤ͒͊ͪͭͤͦ ͙͙͔͙͋͋ͦͭ͟͡Υ 
͔͔͔͙͔ͦͨͪ͒ͤ͡ ͍͔͍ͭͦͪͦ͟ ͙ ͙ͣ͊ͭͪͼ
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˗́̋ ̝̈́̅́̓ ̗̍́̓̑̉̔ȩ
·˞ ̝̟̐̏̍̏̚ ̜̖̔̄̌̏̃ ̒̋̏̂̏̋ȡ
ЃЃÁρρȟȣȟÁÎρЄȿЃÁρςȟȣȟÁÎςЄȿȣȢȿЃÁρÍȟȣȟanm>> ɀ̍ ̗́̓̑̉́ ̑́̈̍̆̑́ n x 
mȟ ̠̈́̅́̎̎́̐̏ ̗̒̓̏̌̂́̍
<<a11ȿȣȿÁ1ÍЄȟЃÁςρȿȣȢȿÁςÍЄȟȣȟЃÁÎ1ȿȣȿanm>> ɀ̍ ̗́̓̑̉́ ̑́̈̍̆̑́ 
n x m ȟ ̠̈́̅́̎̎́ ̐̏ ̒̓̑̏̋́̍

·˞ ̝̟̐̏̍̏̚ ̜̋̏̍́̎̅-̋̏̎̒̓̑̔̋̓̏̑́ Matrix ɉ̝̙̂̏̌̉̆ ̃̏̈̍̏̇̎̏̒̓̉ȟ 
̒̍Ȣ Help)
-ÁÔÒÉØɉɍɍÁρρȟÁρςȟȣȟÁρÍɎȟɍÁςρȟÁςςȟȣȟÁςÍɎȟȣȟɍÁÎρȟÁÎςȟȣȟanm]])

˴ͦͣ͊ͤ͒· ͙͘ ͚ͫͭ͊ͤ͒͊ͪͭͤͦ ͙͙͔͙͋͋ͦͭ͟͡Υ 
͔͔͔͙͔ͦͨͪ͒ͤ͡ ͍͔͍ͭͦͪͦ͟ ͙ ͙ͣ͊ͭͪͼ
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Vector[o](n, init, ro, sym, sh, st, dt, f, a, o) ɀ̃ ̒̆ ̜́̑̄̔̍̆̎̓ ̠̝̜̎̆̏̂̈́̓̆̌̎

ɀ̏̏ ̗̠̑̉̆̎̓́̉ ̃̆̋̓̏̑́ȡrow (̒̓̑̏̋́Ɋ ̉̌̉ column (̗̒̓̏̌̂̆ ɀ̐ ̏ 
̘̟̔̍̏̌́̎̉Ɋȟ ̌̉̂̏ ̍̏̇̎̏ ̝̈́̅́̓ ̐̏̒̌̆̅̎̉̊ ̐́̑́̍̆̓̑ o ̃  ̃̉̅̆ȡ 
orientation=name
n ɀ̘ ̉̒̌̏ ̞̌̆̍̆̎̓̏̃ ̃̆̋̓̏̑́
init ɀ̈ ̘̠̎́̆̎̉ ̞̌̆̍̆̎̓̏̃ ̃̆̋̓̏̑́ȟ ̍̏̄̔̓ ̝̠̈́̅́̃́̓̒ ̗̔̎̋̉̆̊̕ȟ 
̗̐̑̏̆̅̔̑̏̊ȟ ̒̐̉̒̋̏̍ȟ ̍́̒̒̉̃̏̍ ̉ ̅̑Ȣ
ro ɀ̂ ̔̌̆̃̏ ̜̃̑́̇̆̎̉̆ ̃ ̃̉̅̆ readonly =true ̉̌f̉alseȟ ̠̏̐̑̆̅̆̌̆̓ȟ 
̍̏̇̎̏ ̌̉ ̠̝̉̈̍̆̎̓ ̞̜̌̆̍̆̎̓ ̃̆̋̓̏̑́
sym ɀ̈ ́̅́̆̓ ̝̜̒̉̍̃̏̌̎̆ ̘̠̈̎́̆̎̉ ̞̌̆̍̆̎̓̏̃ ̃̆̋̓̏̑́̃ ̃̉̅̆ 
symbol=name
sh ɀ̈ ́̅́̆̓ ̏̅̎̔ ̉̌̉ ̝̎̆̒̋̏̌̋̏ ̟̖̉̎̅̆̋̒̉̑̔̉̚ ̗̔̎̋̉̊̕ ̠̅̌ ̞̌̆̍̆̎̓̏̃ 
̃̆̋̓̏̑́ ̃ ̃̉̅̆ shape=name ̉̌s̉hape=list
st ɀ̈ ́̅́̆̓ ̒̐̏̒̏̂ ̖̠̑́̎̆̎̉ ̞̌̆̍̆̎̓̏̃̃ ̃̉̅̆ storage=name ɉ̐̑Ȣȡ sparse)
dt ɀ̈ ́̅́̆̓ ̓̉̐ ̜̖̅́̎̎ ̞̌̆̍̆̎̓̏̃ ̃ ̃̉̅̆ datatype =name
f ɀ̈ ̠́̐̏̌̎̆̓ ̜̎̆̈́̅́̎̎̆ ̞̜̌̆̍̆̎̓ ̃̆̋̓̏̑́ ̃ ̃̉̅̆ fill=value ,̄̅̆ value ɀ
̘̈̎́̆̎̉̆ ̓̉̐́ datatype
a ɀ̈ ́̅́̆̓ ̝̜̅̏̐̏̌̎̉̓̆̌̎̆ ̒̃̏̊̒̓̃́ ̃̆̋̓̏̑́ ̃ ̃̉̅̆ attributes=list

˴ͦͣ͊ͤ͒͊ Vector ͙  ͔͔ ͎͔͊ͪͯͣͤͭ·
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˴ͦͣ͊ͤ͒͊ VectorΥ ͙͔ͨͪͣͪ·
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Matrix(r, c, init, ro , sym, sc, sh, st, o, dt , f, a)ɀ̃ ̒̆ ̜́̑̄̔̍̆̎̓ 
̠̝̜̎̆̏̂̈́̓̆̌̎
r ɀ̘ ̉̒̌̏ ̒̓̑̏̋ ̗̜̍́̓̑̉
c ɀ̘ ̉̒̌̏ ̗̒̓̏̌̂̏̃ ̗̜̍́̓̑̉
init ɀ̈ ̘̠̎́̆̎̉ ̞̌̆̍̆̎̓̏̃ ̗̜̍́̓̑̉ȟ ̍̏̄̔̓ ̝̠̈́̅́̃́̓̒ ̗̔̎̋̉̆̊̕ȟ ̗̐̑̏̆̅̔̑̏̊ȟ 
̒̐̉̒̋̏̍ȟ ̗̍́̓̑̉̆ȟ ̃̆̋̓̏̑̏̍ ̉ ̅̑Ȣ
ro ɀ̂ ̔̌̆̃̏ ̜̃̑́̇̆̎̉̆ ̃ ̃̉̅̆ readonly =true ̉̌f̉alseȟ ̠̏̐̑̆̅̆̌̆̓ȟ ̍̏̇̎̏ ̌̉ 
̠̝̉̈̍̆̎̓ ̞̜̌̆̍̆̎̓ ̗̜̍́̓̑̉
sym ɀ̈ ́̅́̆̓ ̝̜̒̉̍̃̏̌̎̆ ̘̠̈̎́̆̎̉ ̞̌̆̍̆̎̓̏̃ ̗̜̍́̓̑̉̃ ̃̉̅̆ symbol=name
s ɀ̒̏ ̠̐̑̆̅̆̌̆̓ ̒̐̏̒̏̂ ̠̈́̐̏̌̎̆̎̉ ̗̜̍́̓̑̉ ̞̌̆̍̆̎̓́̍̉ init ̃ ̃̉̅̆ scan=name 
̉̌s̉can=list ɉ̎́̐̑̉̍̆̑ȟ scan=columns ɀ̈ ́̐̏̌̎̆̎̉̆ ̐̏ ̗̒̓̏̌̂́̍)
sh ɀ̈ ́̅́̆̓ ̏̅̎̔ ̉̌̉ ̝̎̆̒̋̏̌̋̏ ̟̖̉̎̅̆̋̒̉̑̔̉̚ ̗̔̎̋̉̊̕ ̠̅̌ ̞̌̆̍̆̎̓̏̃ ̗̜̍́̓̑̉ 
̃ ̃̉̅̆ shape=name ̉̌s̉hape=list
st ɀ̈ ́̅́̆̓ ̒̐̏̒̏̂ ̖̠̑́̎̆̎̉ ̞̌̆̍̆̎̓̏̃̃ ̃̉̅̆ storage=name ɉ̐̑Ȣȡ sparse, triangular, 
diagonal ̉  ̓Ȣ ̅ȢɊ
o ɀ̈ ́̅́̆̓ ̒̐̏̒̏̂ ̖̠̑́̎̆̎̉ ̜̒̓̑̔̋̓̔̑ ̗̜̍́̓̑̉ȡ order= C_order(̖̑́̎̆̎̉̆ ̐̏ 
̒̓̑̏̋́̍Ɋ ̉̌̉ order= Fortran_order (̖̑́̎̆̎̉̆ ̐̏ ̗̒̓̏̌̂́̍ ɀ̐ ̏ ̘̟̔̍̏̌́̎̉Ɋ
dt ɀ̈ ́̅́̆̓ ̓̉̐ ̜̖̅́̎̎ ̞̌̆̍̆̎̓̏̃ ̃ ̃̉̅̆ datatype =name
f ɀ̈ ̠́̐̏̌̎̆̓ ̜̎̆̈́̅́̎̎̆ ̞̜̌̆̍̆̎̓ ̗̜̍́̓̑̉ ̃ ̃̉̅̆ fill=value ,̄̅̆ value ɀ
̘̈̎́̆̎̉̆ ̓̉̐́ datatype
a ɀ̈ ́̅́̆̓ ̝̜̅̏̐̏̌̎̉̓̆̌̎̆ ̒̃̏̊̒̓̃́ ̗̜̍́̓̑̉ ̃ ̃̉̅̆ attributes=list

˴ͦͣ͊ͤ͒͊ Matrix ͙  ͔͔ ͎͔͊ͪͯͣͤͭ·
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˴ͦͣ͊ͤ͒͊ MatrixΥ ͙͔ͨͪͣͪ·
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˭͙͔͊͒͊ͤ ͙ͣ͊ͭͪͼ ͫ ͨͦͣͦ΅ΈΌ ΄͍͊͋ͦͤͦ͡

11

ʄʦʞʥʦ ʚʚʦʜʠʪʴ ʟʥʘʯʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ



˽ͪͦͫͣͦͭͪ ͋ͦ͡Έ΄͙ͻ ͙ͣ͊ͭͪͼ

12

·˙̗̜́̓̑̉ ̉ ̜̃̆̋̓̏̑ ̑́̈̍̆̑̏̍ ̂̏̌̆̆ ρπ ̎̆ ̜̠̠̃̃̏̅̓̒ ̎́ 
̞̋̑́̎ȟ ̐̑̏̒̍̏̓̑ ̞̌̆̍̆̎̓̏̃ ̠̠̏̒̔̆̒̓̃̌̆̓̒̚ ̃ ̂̑́̔̈̆̑̆

Double-click



˽͔͊ͭ͟ linalgό͔͍ͯͫͭ͊ͪ΄͙͚ύ: ͦ ͋ͦͪ͘ ͦͣ͊ͤ͒͟

13

Å linalg [command](arguments)
Å with( linalg ):  command(arguments)
˗̜̏̍́̎̅ ̠̅̌ ̠̈́̅́̎̉ ̗̍́̓̑̉ ̉ ̃̆̋̓̏̑̏̃ȡ matrix ̉ vector ,
̝̉̒̐̏̌̈̏̃́̎̉̆ ̘́̎́̌̏̄̉̎̏ ̝̟̉̒̐̏̌̈̏̃́̎̉ ̋̏̍́̎̅ Matrix ̉ Vector



˭͙͔͊͒͊ͤ ͍͔͍ͭͦͪͦ͟ ͙ ͙ͣ͊ͭͪͼ ͍ ͔͔ͨ͊ͭ͟ linalg
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˴ͦͣ͊ͤ͒͊ array ͒ ͡Ύ ͙͊͒͊ͤ͘Ύ ͍͔͍ͭͦͪͦ͟ ͙ ͙ͣ͊ͭͪͼ
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˽͔͊ͭ͟ LinearAlgebra: ͦ ͋ͦͪ͘ ͦͣ͊ͤ͒͟

16

Å LinearAlgebra [command](arguments)

Å with( LinearAlgebra ):  command(arguments)



˽͔͊ͭ͟ VectorCalculus: ͦ ͋ͦͪ͘ ͦͣ͊ͤ͒͟

17

Å VectorCalculus [command](arguments)

Å with( VectorCalculus ):  command(arguments)



˿ͭͪͯͭͯͪ͊͟ ͙ͣ͊ͭͪͼ· ͙ ͍͔ͭͦͪ͊͟

ü˗̜̏̍́̎̅ ̠̅̌ ̠̈́̅́̎̉ ̗̍́̓̑̉ ̉ ̃̆̋̓̏̑̏̃ 
̗̝̒̐̆̉́̌̎̏̄̏ ̃̉̅́
üˑ̏̒̓̔̐ ̋ ̞̌̆̍̆̎̓́̍ ̃̆̋̓̏̑̏̃ ̉ ̗̍́̓̑̉
üˏ̜̠̒̎̆̎̉̆ ̑́̈̍̆̑̎̏̒̓̆̊ ̃̆̋̓̏̑̏̃ ̉ ̗̍́̓̑̉
ü˛̗̐̆̑́̉̉ ̒̏ ̗̒̓̏̌̂́̍̉ ̉ ̒̓̑̏̋́̍̉ ̗̜̍́̓̑̉ 



˴ͦͣ͊ͤ͒· ͒͡Ύ ͙͊͒͊ͤ͘Ύ ͙ͣ͊ͭͪͼ ͙ ͍͔͍ͭͦͪͦ͟ 
͔ͫͨͼ͙͊͡Έ͎ͤͦͦ ͍͙͒͊
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˨ͦͫͭͯͨ ͟ Ή͔͔ͣͤͭ͊ͣ͡ ͍͔͍ͭͦͪͦ͟ ͙ ͙ͣ͊ͭͪͼ
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LinearAlgebra :
· Dimension(A) ɀ̑ ̝́̈̍̆̑̎̏̒̓ ̗̜̍́̓̑̉ ̉̌̉ ̃̆̋̓̏̑́
· RowDimension (A) ɀ̘ ̉̒̌̏ ̒̓̑̏̋ ̗̜̍́̓̑̉
· ColumnDimension (A) ɀ̘ ̉̒̌̏ ̗̒̓̏̌̂̏̃ ̗̜̍́̓̑̉

linalg :
· vectdim (v) ɀ̑ ̝́̈̍̆̑̎̏̒̓ ̃̆̋̓̏̑́
· rowdim (A) ɀ̘ ̉̒̌̏ ̒̓̑̏̋ ̗̜̍́̓̑̉
· coldim (A) ɀ̘ ̉̒̌̏ ̗̒̓̏̌̂̏̃ ̗̜̍́̓̑̉

ˤ·Ύ͔͙͔ͫͤͤ ͔͔͚ͪ͊ͣͪͤͦͫͭ͘ ͍͔͍ͭͦͪͦ͟ ͙ ͙ͣ͊ͭͪͼ
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LinearAlgebra :

· DeleteRow(A, L, outopts ) ɀ̔ ̅́̌̆̎̉̆ ̒̓̑̏̋ ̗̜̍́̓̑̉ A

· DeleteColumn (A, L, outopts ) ɀ̔ ̅́̌̆̎̉̆ ̗̒̓̏̌̂̏̃ ̗̜̍́̓̑̉ A

L ɀ̎ ̏̍̆̑́ ̠̜̖̔̅́̌̆̍ ̒̓̑̏̋ ɉ̗̒̓̏̌̂̏̃Ɋȟ ̍̏̄̔̓ ̜̝̂̓ ̃ ̃̉̅̆ ̉̎̓̆̑̃́̌́ ̉̌̉ 
̒̐̉̒̋́
outopts - (̠̎̆̏̂̈Ȣ ̐́̑́̍̆̓̑Ɋ̗̏̐̉̉ outputoptions ̠̅̌ ̝̟̑̆̈̔̌̓̉̑̔̆̄̏̚ 
̛̏̂̆̋̓́ȟ ̎́̐̑̉̍̆̑ outputoptions=[datatype=float,shapeЀȣȢɎ

linalg :
· delrows (A,i..j) ɀ̔ ̅́̌̆̎̉̆ ̒̓̑̏̋ ̗̜̍́̓̑̉ A
· delcols (A,i..j) ɀ̔ ̅́̌̆̎̉̆ ̗̒̓̏̌̂̏̃ ̗̜̍́̓̑̉ A

˻͔ͨͪ͊ͼ͙͙ ͫͦ ͫͭͦ͋͡ͼ͙͊ͣ ͙ ͙ͫͭͪͦ͊ͣ͟ ͙ͣ͊ͭͪͼ·Υ 
͔͙͔ͯ͒͊ͤ͡ ͫͭͪͦ͟ ͙ ͫͭͦ͋͡ͼ͍ͦ
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LinearAlgebra :

· Row(A, L, outopts ) ɀ̉ ̘̈̃̌̆̆̎̉̆ ̒̓̑̏̋ ̗̜̍́̓̑̉ A

· Column(A, L, outopts ) ɀ̉ ̘̈̃̌̆̆̎̉̆ ̗̒̓̏̌̂̏̃ ̗̜̍́̓̑̉ A

L ɀ̎ ̏̍̆̑́ ̜̖̉̈̃̌̆̋́̆̍ ̒̓̑̏̋ ɉ̗̒̓̏̌̂̏̃Ɋȟ ̍̏̄̔̓ ̜̝̂̓ ̃ ̃̉̅̆ ̉̎̓̆̑̃́̌́ ̉̌̉ 
̒̐̉̒̋́
outopts - (̠̎̆̏̂̈Ȣ ̐́̑́̍̆̓̑Ɋ̗̏̐̉̉ outputoptions ̠̅̌ ̝̟̑̆̈̔̌̓̉̑̔̆̄̏̚ 
̛̏̂̆̋̓́ȟ ̎́̐̑̉̍̆̑ outputoptions=[datatype=float,shapeЀȣȢɎ

linalg :
· row (A,i) ɀ̉ ̘̈̃̌̆̆̎̉̆ ̒̓̑̏̋̉ i ̗̜̍́̓̑̉ A
· col(A,j) ɀ̉ ̘̈̃̌̆̆̎̉̆ ̗̒̓̏̌̂́ j ̗̜̍́̓̑̉ A

˻͔ͨͪ͊ͼ͙͙ ͫͦ ͫͭͦ͋͡ͼ͙͊ͣ ͙ ͙ͫͭͪͦ͊ͣ͟ ͙ͣ͊ͭͪͼ·Υ 
͙͍͔͘͡;͔͙͔ͤ ͫͭͪͦ͟ ͙ ͫͭͦ͋͡ͼ͍ͦ
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LinearAlgebra :

RowOperation (A, K, s, ip , outopts ) ɀ̏ ̗̐̆̑́̉̉ ̒̏ ̒̓̑̏̋́̍̉ ̗̜̍́̓̑̉ A

ColumnOperation (A, K, s, ip , outopts ) ɀ̏ ̗̐̆̑́̉̉ ̒̏ ̗̒̓̏̌̂́̍̉ ̗̜̍́̓̑̉ A

· RowOperation (A, [ri,rj ]) ɀ̐ ̆̑̆̒̓́̎̏̃̋́ ̒̓̑̏̋ ri r̉j ̗̜̍́̓̑̉ A

· ColumnOperation (A, [ci,cj]) ɀ̐ ̆̑̆̒̓́̎̏̃̋́ ̗̒̓̏̌̂̏̃  ci c̉j̗̜̍́̓̑̉ A

linalg :
· swaprow (A,ri,rj ) ɀ̐ ̆̑̆̒̓́̎̏̃̋́ ̒̓̑̏̋ ̗̜̍́̓̑̉ A
· swapcol (A,ci,cj) ɀ̐ ̆̑̆̒̓́̎̏̃̋́ ̗̒̓̏̌̂̏̃ ̗̜̍́̓̑̉ A

˻͔ͨͪ͊ͼ͙͙ ͫͦ ͫͭͦ͋͡ͼ͙͊ͣ ͙ ͙ͫͭͪͦ͊ͣ͟ ͙ͣ͊ͭͪͼ·Υ 
͔͔͍ͨͪͫͭ͊ͤͦ͊͟ ͫͭͪͦ͟ ͙ ͫͭͦ͋͡ͼ͍ͦ
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LinearAlgebra :
˞ ̝̟̐̏̍̏̚ ̋̏̍́̎̅RowOperation/ ColumnOperation

· RowOperation (A, [ri,rj ],expr ) ɀ̉ ̈̍̆̎̆̎̉̆ ̒̓̑̏̋̉ ri : ri :=ri+rj *expr , ̄ ̅̆ expr ɀ
̘̉̒̌̏ ̉̌̉ ̜̃̑́̇̆̎̉̆ ɉ́̎́̌̏̄ addrow ), ̒ ̌̏̇̆̎̉̆ ̒̓̑̏̋

· ColumnOperation (A, [ci,cj],expr ) ɀ̉ ̈̍̆̎̆̎̉̆ ̗̒̓̏̌̂́ ci: ci:=ci+cj *expr , ̄ ̅̆ expr
ɀ̘ ̉̒̌̏ ̉̌̉ ̜̃̑́̇̆̎̉̆ ɉ́̎́̌̏̄ addcol ), ̒ ̌̏̇̆̎̉̆ ̗̒̓̏̌̂̏̃

· RowOperation (A, r,expr ) ɀ̔ ̍̎̏̇̆̎̉̆ ̒̓̑̏̋̉ r ̎́ ̜̃̑́̇̆̎̉̆ expr : r:=r* expr
ɉ́̎́̌̏̄ mulrow )

· ColumnOperation (A, c,expr) ɀ̔ ̍̎̏̇̆̎̉̆ ̗̒̓̏̌̂́ c̎́ ̜̃̑́̇̆̎̉̆ expr :
c:=c*expr ɉ́̎́̌̏̄ mulcol )

linalg :
· addrow (A,ri,rj,expr ) ɀ̉ ̈̍̆̎̆̎̉̆ ̒̓̑̏̋̉ ri : ri :=ri *expr+rj , ̄ ̅̆ expr ɀ̘ ̉̒̌̏ ̉̌̉ 
̜̃̑́̇̆̎̉̆(̒̌̏̇̆̎̉̆ ̒̓̑̏̋)

· addcol (A,ci,cj,expr ) ɀ̉ ̈̍̆̎̆̎̉̆ ̗̒̓̏̌̂́ ci: ci:=ci*expr+cj , ̄ ̅̆ expr ɀ̘ ̉̒̌̏ ̉̌̉ 
̜̃̑́̇̆̎̉̆(̒̌̏̇̆̎̉̆ ̒̓̑̏̋)

· mulrow (A,r,expr ) ɀ̍ ̗́̓̑̉́ȟ ̘̠̐̏̌̔́̆̍́ ̉̈ ̗̜̍́̓̑̉ A ̒ ̝̟̐̏̍̏̚ ̠̔̍̎̏̇̆̎̉ 
̒̓̑̏̋̉ r ̎́ ̜̃̑́̇̆̎̉̆ expr

· mulcol (A,c,expr) ɀ́ ̘̎́̌̏̄̉̎̏ ̠̅̌ ̗̒̓̏̌̂́

˻͔ͨͪ͊ͼ͙͙ ͫͦ ͫͭͦ͋͡ͼ͙͊ͣ ͙ ͙ͫͭͪͦ͊ͣ͟ ͙ͣ͊ͭͪͼ·Υ 
͔͙͔ͫͦ͗ͤ͡ ͙ ͔͙͔ͯͣͤͦ͗ͤ ͫͭͪͦ͟ ͙ ͫͭͦ͋͡ͼ͍ͦ
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˻͔ͨͪ͊ͼ͙͙ ͫͦ ͫͭͦ͋͡ͼ͙͊ͣ ͙ ͙ͫͭͪͦ͊ͣ͟ ͙ͣ͊ͭͪͼ·Υ 
͔͙͔ͫͦ͗ͤ͡ ͙ ͔͙͔ͯͣͤͦ͗ͤ ͫͭͪͦ͟ ͙ ͫͭͦ͋͡ͼ͍ͦ
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LinearAlgebra :

· SubMatrix (A, r, c, outopts ) ɀ̃ ̜̅̆̌̆̎̉̆ ̗̜̐̏̅̍́̓̑̉ ̉̈ ̗̜̍́̓̑̉ A, r ɀ
̅̉́̐́̈̏̎  ɉ̎̏̍̆̑́Ɋ ̒̓̑̏̋ȟ -̒̅̉́̐́̈̏̎  ɉ̎̏̍̆̑́Ɋ ̗̒̓̏̂̏̃

· SubVector(V, i , outopts ) ɀ̃ ̜̅̆̌̆̎̉̆ ̐̏̅̃̆̋̓̏̑́̉̈ ̗̜̍́̓̑̉ V, i ɀ
̅̉́̐́̈̏̎  ɉ̎̏̍̆̑́Ɋ ̞̌̆̍̆̎̓̏̃

·Minor (A, r, c, out, meth, outopts ) ɀ̃ ̜̘̉̒̌̆̎̉̆ ̍̉̎̏̑́ M(i,j) ̋ 
̞̌̆̍̆̎̓̔ A[i,j] ̗̜̍́̓̑̉ A, out  ̈ ́̅́̆̓ ̓̉̐ ̝̑̆̈̔̌̓́̓̆̃ ̃̉̅̆ 
output=matrix ̉̌̉/ ỏutput=determinant (̝̏̐̑̆̅̆̌̉̓̆̌Ɋȟ meth ɀ
̍̆̓̏̅ ̜̘̠̃̉̒̌̆̎̉ ̠̏̐̑̆̅̆̌̉̓̆̌ 

linalg :
· submatrix (A,ri ..rj,ci ..cj) ɀ̃ ̜̅̆̌̆̎̉̆ ̗̜̐̏̅̍́̓̑̉ 
· subvector (v,i..j) ɀ̃ ̜̅̆̌̆̎̉̆ ̐̏̅̃̆̋̓̏̑́
·minor( A,i,j) ɀ̃ ̏̈̃̑́́̆̓̚ ̗̍́̓̑̉̔ȟ ̘̟̐̏̌̔̆̎̎̔ ̜̘̃̆̑̋̉̃́̎̉̆̍ 
̒̓̑̏̋̉ i ̉ ̗̒̓̏̌̂́ j̗̜̍́̓̑̉ A

· det(minor( A,i,j) )ɀ̃ ̜̘̉̒̌̆̎̉̆ ̍̉̎̏̑́

ˤ·͔͔͙͔͒ͤ͡ ͙ͨͦ͒ͣ͊ͭͪͼ· ό͍͔ͨͦ͒ͭͦͪ͊͟ύΣ ͙ͣͤͦͪ͊
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˻͍ͫͤͦͤ·͔ ͙ͣ͊ͭͪ;ͤ·͔ ͙ ͍͔ͭͦͪͤ͟·͔ 
͔ͦͨͪ͊ͼ͙͙

ü˞̌̏̇̆̎̉̆ ̉ ̔̍̎̏̇̆̎̉̆̎́ ̘̉̒̌̏
ü˙̘́̓̑̉̎̏̆ ̔̍̎̏̇̆̎̉̆
üˏ̏̈̃̆̅̆̎̉̆ ̃ ̝̒̓̆̐̆̎
ü˛̠̂̑́̓̎́ȟ ̠̓̑́̎̒̐̏̎̉̑̏̃́̎̎́ȟ ̞̑̍̉̓̏̃̏-
̠̠̗̒̏̐̑̇̆̎̎́̍́̓̑̉́
ü˛̝̐̑̆̅̆̌̉̓̆̌ȟ ̑́̎̄ȟ ̒̌̆̅ ̗̜̍́̓̑̉



LinearAlgebra :

· A+B ɀ̒ ̌̏̇̆̎̉̆ ̗̍́̓̑̉̉̌̉ ̃̆̋̓̏̑̏̃ A B̉

· A*c ɀ̔ ̍̎̏̇̆̎̉̆ ̞̌̆̍̆̎̓̏̃ ̗̜̍́̓̑̉ ɉ̃̆̋̓̏̑́Ɋ A̎́ ̠̒̋́̌̑ c

·˗̜̏̍́̎̅ȡAdd(A,B) ̉̌M̉atrixAdd (A,B) M̉ultiply( A,c)

linalg :
· evalm(A+B)̉̌̉ matadd (A,B) ɀ̒ ̌̏̇̆̎̉̆ ̗̍́̓̑̉̉̌̉ ̃̆̋̓̏̑̏̃ A B̉
· matadd (A,B,c,d) ɀ̌ ̠̉̎̆̊̎́ ̗̠̋̏̍̂̉̎́̉ ̒A+dB: evalm(A*c+B*d)
· evalm(A* )̒ ɀ̔ ̍̎̏̇̆̎̉̆ ̎́ ̠̒̋́̌̑

˿͔͙͔ͦ͗ͤ͡ ͙ ͔͙͔ͯͣͤͦ͗ͤ ͤ͊ ;͙ͫͦ͡
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LinearAlgebra :

· A.B ɀ̍ ̘́̓̑̉̎̏̆ ɉ̎̆̋̏̍̍̔̓́̓̉̃̎̏̆Ɋ ̔̍̎̏̇̆̎̉̆ ̗̍́̓̑̉ ̉ ̃̆̋̓̏̑̏̃

· MatrixVectorMultiply (A, u) ɀ̔ ̍̎̏̇̆̎̉̆ ̗̜̍́̓̑̉ A̎́ ̃̆̋̓̏̑ u

· MatrixMatrixMultiply (A, B) ɀ̔ ̍̎̏̇̆̎̉̆ ̗̜̍́̓̑̉ A̎́ ̗̍́̓̑̉̔ B

· ˛̠̂́̚ ̋̏̍́̎̅́ȡ Multiply(A,B)

linalg :
· evalm(A&*B) ɀ̐ ̑̏̉̈̃̆̅̆̎̉̆ AB̗̍́̓̑̉ Ả B
· multiply(A,B) ɀ̐ ̑̏̉̈̃̆̅̆̎̉̆ AB̗̍́̓̑̉ Ả B

˸͙͊ͭͪ;͔ͤͦ ͙ ͙ͣ͊ͭͪ;ͤͦ-͍͔͔ͭͦͪͤͦ͟ ͔͙͔ͯͣͤͦ͗ͤ
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LinearAlgebra :

· A^n ɀ̃ ̏̈̃̆̅̆̎̉̆ ̗̜̍́̓̑̉ Ã ̝̒̓̆̐̆̎ n

· A^( -1) ɀ̃ ̜̘̉̒̌̆̎̉̆ ̏̂̑́̓̎̏̊ ̗̜̍́̓̑̉

linalg :
· evalm(A^n )ɀ̃ ̏̈̃̆̅̆̎̉̆ ̗̜̍́̓̑̉ Ã ̝̒̓̆̐̆̎ n

ˤ͍͔͔͙͔ͦ͒ͤ͘ ͍ ͔͔ͫͭͨͤΈ
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LinearAlgebra :

· A^( -1) ɀ̃ ̜̘̉̒̌̆̎̉̆ ̏̂̑́̓̎̏̊ ̗̜̍́̓̑̉

· MatrixInverse (A)

˜̜̏̌̎̊ ̒̉̎̓́̋̒̉̒: MatrixInverse (A, m, mopts , c, out, outopts ) ɀ̒ ̍Ȣ Help

linalg :
· evalm(1/A)
· inverse(A)

ˤ·;͙͔͙͔ͫͤ͡ ͚ͦ͋ͪ͊ͭͤͦ ͙ͣ͊ͭͪͼ·
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LinearAlgebra :

· A^( %T) ɀ̓ ̠̑́̎̒̐̏̎̉̑̏̃́̎̎́ ̗̍́̓̑̉́ȟ ̋̏̍́̎̅́ȡ 

Transpose(A)

· A^( %H) ɀ̞ ̑̍̉̓̏̃̏-̠̠̗̒̏̐̑̇̆̎̎́̍́̓̑̉́ ɉ̗̠̏̐̆̑́̉ 
̠̓̑́̎̒̐̏̎̉̑̏̃́̎̉ ̉ ̋̏̍̐̌̆̋̒̎̏̄̏ ̠̠̒̏̐̑̇̆̎̉ ̞̌̆̍̆̎̓̏̃Ɋȟ ̋̏̍́̎̅́ȡ

HermitianTranspose (A)

linalg :
· transpose(A) ̉ htranspose (A)

ˤ·;͙͔͙͔ͫͤ͡ ͙͍͚ͭͪ͊ͤͫͨͦͤͪͦ͊ͤͤͦ ͙ 
Ή͙͍ͪͣͭͦͦ-ͫͦͨͪΎ͔͚͙͗ͤͤͦͣ͊ͭͪͼ·
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LinearAlgebra :

· Determinant(A) ɀ̃ ̜̘̉̒̌̆̎̉̆ ̠̏̐̑̆̅̆̌̉̓̆̌ ̗̜̍́̓̑̉ A

· Rank(A) ɀ̑ ́̎̄ ̗̜̍́̓̑̉

· Trace(A) ɀ̒ ̌̆̅ ̗̜̍́̓̑̉ ɉ̒̔̍̍́ ̝̜̖̅̉́̄̏̎́̌̎ ̞̌̆̍̆̎̓̏̃Ɋ

linalg :
· det(A) ɀ̏ ̝̐̑̆̅̆̌̉̓̆̌ 
· rank(A) ɀ̑ ́̎̄
· trace(A) ɀ̒ ̌̆̅

˻͔͔͙͔ͨͪ͒ͭ͡͡Έ, ͪ ͎͊ͤΣ ͔ͫ͒͡ ͙ͣ͊ͭͪͼ·

35



˾͔΄͔͙͔ͤ ͊͒͊͘; ͙͔͚͚ͤͤͦ͡ ͎͔͊͋ͪ͡·

ü˚̜̏̑̍ ̗̍́̓̑̉ ̉ ̃̆̋̓̏̑̏̃
üˏ̜̠̒̎̆̎̉̆ ̓̉̐́ ̗̜̍́̓̑̉
ü˞̝̜̐̆̋̓̑́̌̎̊ ́̎́̌̉̈ȡ ̜̒̏̂̒̓̃̆̎̎̆ ̘̉̒̌́ ̉ 
̜̒̏̂̒̓̃̆̎̎̆ ̜̃̆̋̓̏̑ȟ ̖̘́̑́̋̓̆̑̉̒̓̉̆̒̋̉̊ 
̘̍̎̏̄̏̌̆̎
ü˜̑̉̃̆̅̆̎̉̆ ̗̍́̓̑̉ ̋ ̗̝̒̐̆̉́̌̎̏̍̔ ̃̉̅̔
ü˝̙̆̆̎̉̆ ̒̉̒̓̆̍ ̜̖̌̉̎̆̊̎ ̔̑́̃̎̆̎̉̊



LinearAlgebra :

· Norm(A, p, c) ɀp-̎̏̑̍́ ̗̜̍́̓̑̉ ̉̌̉ ̃̆̋̓̏̑́

· MatrixNorm (A, p, c) ɀp-̎̏̑̍́ ̗̜̍́̓̑̉

· VectorNorm (A, p, c) ɀp-̎̏̑̍́ ̃̆̋̓̏̑́ȟ c ɀɉ̠̝̜̎̆̏̂̈́̓̆̌̎̆Ɋ ̗̏̐̉̉ ̠̅̌ 
̝̟̑̆̈̔̌̓̉̑̔̆̄̏̚ ̛̏̂̆̋̓́

˔̘̠̎́̆̎̉ ̐́̑́̍̆̓̑́ pɉ̐̏ ̘̟̔̍̏̌́̎̉ Ѐ infinity)

ü̠̅̌ ̃̆̋̓̏̑̏̃

2, Euclidean ̉̌̉ Frobenius ɀ˒ ̃̋̌̉̅̏̃́ ̎̏̑̍́

infinity ɀ̍ ̝̜́̋̒̉̍́̌̎̊ ̐̏ ̟̍̏̅̔̌ ̞̌̆̍̆̎̓

ü̠̅̌ ̗̍́̓̑̉

1 ɀ̍ ̝̠́̋̒̉̍́̌̎́ ̗̠̒̓̏̌̂̏̃́̎̏̑̍́

MatrixNorm(A, 1) = max(seq(VectorNorm(A[1..-1, j], 1), j = 1 .. ColumnDimension(A)))

infinity ɀ̍ ̝̠́̋̒̉̍́̌̎́ ̘̠̒̓̑̏̎́ ̎̏̑̍́
MatrixNorm(A, infinity) = max(seq(VectorNorm(A[i, 1..-1], 1), i = 1 .. RowDimension(A)))

2̉̌̉ Euclidean ɀ̒ ̝̠̐̆̋̓̑́̌̎́ ̎̏̑̍́
MatrixNorm(A, 2) = sqrt(max(seq(Eigenvalues(A . A^(%H))[i], i = 1 .. RowDimension(A))))

Frobenius ɀ̎ ̏̑̍́ ˡ̑̏̂̆̎̉̔̒́
MatrixNorm(A, Frobenius) = sqrt(add(add(abs(A[i,j])^2, j = 1 .. ColumnDimension(A)), i = 1 .. 

RowDimension(A)))

˹ͦͪͣ· ͙ͣ͊ͭͪͼ ͙ ͍͔͍ͭͦͪͦ͟
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linalg :

· norm(A, normname ) ɀ̎ ̏̑̍́ ̗̜̍́̓̑̉ ̉̌̉ ̃̆̋̓̏̑́

norm(A )ɀinfinity -̎̏̑̍́ ̗̜̍́̓̑̉ ̉̌̉ ̃̆̋̓̏̑́(̐̏ ̘̟̔̍̏̌́̎̉Ɋ

· ˑ̠̌ ̗̍́̓̑̉normname ̍̏̇̆̓ ̜̝̂̓ 1, 2, 'infinity', ' frobenius '. 

· ˑ̠̌ ̃̆̋̓̏̑̏̃ normname ̍̏̇̆̓ ̜̝̂̓ : ̗ ̆̌̏̆ ̘̉̒̌̏>=1, 'infinity', ' frobenius '. 

˹ͦͪͣ· ͙ͣ͊ͭͪͼ ͙ ͍͔͍ͭͦͪͦ͟
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LinearAlgebra :

· IsDefinite (A, q) ɀ̐ ̠̑̏̃̆̑̆̓ ̝̟̐̏̌̏̇̉̓̆̌̎̔/̗̝̟̏̓̑̉́̓̆̌̎̔ 
̝̏̐̑̆̅̆̌̆̎̎̏̒̓ ̗̜̍́̓̑̉ Aȟ ̐́̑́̍̆̓̑ q̉̍̆̆̓ ̃̉̅ query = attribute , 
̄̅̆ attribute ̍̏̇̆̓ ̝̉̍̆̓ ̏̅̎̏ ̉̈ ̘̈̎́̆̎̉̊ȡ 

· 'positive_definite' ɀ̐ ̝̏̌̏̇̉̓̆̌̎̏ ̠̏̐̑̆̅̆̌̆̎̎́ȡ 

-̠̜̒̏̐̑̇̆̎̎̊ ̜̓̑́̎̒̐̏̎̉̑̏̃́̎̎̊ ̃̆̋̓̏̑ȟ A ɀ̞ ̗̑̍̉̓̏̃́̍́̓̑̉́ȡ 

· 'positive_semidefinite' ɀ̐ ̝̏̌̏̇̉̓̆̌̎̏ ̠̐̏̌̔̏̐̑̆̅̆̌̆̎̎́ȡ 

· 'negative_definite' ɀ̏ ̗̝̓̑̉́̓̆̌̎̏ ̠̏̐̑̆̅̆̌̆̎̎́ȡ

· 'negative_semidefinite' ɀ̏ ̗̝̓̑̉́̓̆̌̎̏ ̠̐̏̌̔̏̐̑̆̅̆̌̆̎̎́ȡ 

· 'indefinite' ɀ̎ ̠̆̏̐̑̆̅̆̌̆̎̎́

· IsDefinite (A) ɀ̐ ̠̑̏̃̆̑̆̓ ̝̟̐̏̌̏̇̉̓̆̌̎̔ ̝̏̐̑̆̅̆̌̆̎̎̏̒̓ ̗̜̍́̓̑̉ 
Aȟ ̓Ȣ ̆Ȣ ̐̏ ̘̟̔̍̏̌́̎̉ query= 'positive_definite'

linalg :
· definite( A,kind ) ɀ̐ ̠̑̏̃̆̑̆̓ ̝̟̐̏̌̏̇̉̓̆̌̎̔/̗̝̟̏̓̑̉́̓̆̌̎̔ 
̝̏̐̑̆̅̆̌̆̎̎̏̒̓ ̗̜̍́̓̑̉ Aȟ ̐́̑́̍̆̓̑ kind ̍̏̇̆̓ ̝̐̑̉̎̉̍́̓ ̏̅̎̏ ̉̈ 
̟̖̒̌̆̅̔̉̚ ̘̈̎́̆̎̉̊ȡ 'positive_def ', 'positive_semidef ', 'negative_defȬ
̉̌'̉negative_semidef '

ˤ·Ύ͔͙͔ͫͤͤ ͙ͭͨ͊ ͙ͣ͊ͭͪͼ·Υ ͙͔ͨͦͦ͗ͭ͡͡Έͤ͊Ύ 
ό͙ͦͭͪͼ͔͊ͭ͡Έͤ͊Ύύ ͔͔͔ͦͨͪ͒ͤͤͦͫͭ͡Έ
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LinearAlgebra :

· IsOrthogonal (A) ɀ̐ ̠̑̏̃̆̑̆̓ȟ ̠̠̠̃̌̆̓̒ ̌̉ ̗̍́̓̑̉́ Ȁ̝̑̓̏̄̏̎́̌̎̏̊ȟ 
̓Ȣ̆Ȣ ̓́̋̏̊ȟ ̘̓̏                              ȟ ̄̅̆      -̘̠̆̅̉̎̉̎́ ̗̍́̓̑̉́  

· IsUnitary (A) ɀ̐ ̠̑̏̃̆̑̆̓ȟ ̠̠̠̃̌̆̓̒ ̌̉ ̗̍́̓̑̉́ A̔̎̉̓́̑̎̏̊ȡ ̓Ȣ ̆Ȣ 
̓́̋̏̊ȟ ̘̓̏                              ȟ ̄̅̆ H ɀ̞ ̠̑̍̉̓̏̃̏̒̏̐̑̇̆̎̉̆

linalg :
· orthog (A) ɀ̐ ̠̑̏̃̆̑̆̓ȟ ̠̠̠̃̌̆̓̒ ̌̉ ̗̍́̓̑̉́ Ȁ̝̑̓̏̄̏̎́̌̎̏̊

ˤ·Ύ͔͙͔ͫͤͤ ͙ͭͨ͊ ͙ͣ͊ͭͪͼ·Υ ͎ͦͪͭͦͦͤ͊͡ΈͤͦͫͭΈ ͙ 
͙ͯͤͭ͊ͪͤͦͫͭΈ

IAAAA TT == I

IAAAA ʅʅ ==
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LinearAlgebra :

· Eigenvalues(A) ɀ̃ ̏̈̃̑́́̆̓̚ ̜̒̏̂̒̓̃̆̎̎̆ ̘̠̈̎́̆̎̉ ̗̜̍́̓̑̉ Ã ̃̉̅̆ ̃̆̋̓̏̑-
̗̒̓̏̌̂́Ȣ ˜̜̏̌̎̊ ̒̉̎̓́̋̒̉̒ȡ

· Eigenvalues(A, C, imp, o, outopts) ɀ̏ ̝̜̒̓́̌̎̆ ̜́̑̄̔̍̆̎̓ ̠̝̜̎̆̏̂̈́̓̆̌̎

Cɀ̍ ̗́̓̑̉́ ̠̅̌ ̙̠̑̆̆̎̉ ̏̂̏̂̆̎̎̏̊̚ ̘̈́̅́̉ ̎́ ̜̒̏̂̒̓̃̆̎̎̆ ̘̠̈̎́̆̎̉ȟ ̓Ȣ ̆Ȣ 
̖̠̠̎́̏̅̓̒ ̋̏̑̎̉ det(lambda C - A)

imp ɀ̈ ́̅́̆̓ȟ ̃ ̋́̋̏̍ ̃̉̅̆ ̂̔̅̔̓ ̜̘̠̝̠̃̉̒̌̓̒ ̋̏̑̎̉ ̖̘́̑́̋̓̆̑̉̒̓̉̆̒̋̏̄̏ 
̘̍̎̏̄̏̌̆̎́Ƞ ̆̒̌̉ ̉̍̆̆̓ ̘̈̎́̆̎̉̆ implicit=true ̉̌̉ ̐̑̏̒̓̏ implicit , ̓ ̏ ̂̔̅̔̓ 
̜̘̃̉̒̌̆̎̉̆ ̃ ̠̎̆̃̎̏̍ ̃̉̅̆ RootOf

o ɀ̈ ́̅́̆̓ ̏̑̍́̓̕ ̜̃̃̏̅́ ̝̑̆̈̔̌̓́̓́ ̃ ̃̉̅̆ȡ output = obj , ̄ ̅̆ obj ̍̏̇̆̓ 
̝̐̑̉̎̉̍́̓ ̘̠̈̎́̆̎̉ 'Vector[row]' , 'Vector[column]' , ͻÌÉÓÔȬ̉̌̉ ̒̐̉̒̏̋ ̞̖̓̉ 
̘̈̎́̆̎̉̊

outopts ɀ̈ ̗́̅́̆̓̏̐̉̉ outputoptions ̋̏̎̒̓̑̔̋̓̏̑́ ̠̅̌ ̝̟̑̆̈̔̌̓̉̑̔̆̄̏̚ 
̛̏̂̆̋̓́ȟ ̎́̐̑̉̍̆̑ outputoptions=[datatype=float,shapeЀȣȢɎ

linalg :
· eigenvalues(A) ̉̌̉ eigenvals(A)
· ˏ̜́̑̉́̎̓ȡ eigenvalues(A, C), eigenvalues(A, 'implicit') , eigenvalues(A, 'radical')
ˏ ̒̓́̎̅́̑̓̎̏̊ ̂̉̂̌̉̏̓̆̋̆ȡ
· Eigenvals(A, vecs) ɀ̋ ̏̍́̎̅́ ̏̓̌̏̇̆̎̎̏̄̏ ̠̉̒̐̏̌̎̆̎̉ ̠̅̌ ̘̉̒̌̏̃̏̊ ̗̜̍́̓̑̉ 

A,̃̏̈̃̑́́̆̓̚ ̍́̒̒̉̃ ̉̈ ̜̖̒̏̂̒̓̃̆̎̎ ̘̉̒̆̌ ̉ ̗̍́̓̑̉̔ ̉̈ ̜̖̒̏̂̒̓̃̆̎̎ 
̃̆̋̓̏̑̏̃ ̐̏ ̗̒̓̏̌̂́̍ɉ̃ ̐́̑́̍̆̓̑̆ vecs)

˿͔ͨͭͪ͊͟͡Έͤ·͚ ͙͊ͤ͊͘͡Υ ͍͔ͫͦ͋ͫͭͤͤ·͔ ;͙ͫ͊͡
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LinearAlgebra :

· Eigenvectors(A) ɀ̃ ̏̈̃̑́́̆̓̚ ̜̒̏̂̒̓̃̆̎̎̆ ̘̠̈̎́̆̎̉ ̗̜̍́̓̑̉ Ã ̃̉̅̆ ̃̆̋̓̏̑-
̗̒̓̏̌̂́ ̉ ̗̍́̓̑̉̔ ̉̈ ̜̖̒̏̂̒̓̃̆̎̎ ̃̆̋̓̏̑̏̃ ̐̏ ̗̒̓̏̌̂́̍Ȣ ˜̜̏̌̎̊ ̒̉̎̓́̋̒̉̒ȡ

· Eigenvectors(A , C, imp , o, outopts ) ɀ̏ ̝̜̒̓́̌̎̆ ̜́̑̄̔̍̆̎̓ ̠̝̜̎̆̏̂̈́̓̆̌̎

Cɀ̍ ̗́̓̑̉́ ̠̅̌ ̙̠̑̆̆̎̉ ̏̂̏̂̆̎̎̏̊̚ ̘̈́̅́̉ ̎́ ̜̒̏̂̒̓̃̆̎̎̆ ̘̠̈̎́̆̎̉ȟ ̓Ȣ ̆Ȣ 
̖̠̠̎́̏̅̓̒ ̋̏̑̎̉ det(lambda C - A)

imp ɀ̈ ́̅́̆̓ȟ ̃ ̋́̋̏̍ ̃̉̅̆ ̂̔̅̔̓ ̜̘̠̝̠̃̉̒̌̓̒ ̋̏̑̎̉ ̖̘́̑́̋̓̆̑̉̒̓̉̆̒̋̏̄̏ 
̘̍̎̏̄̏̌̆̎́Ƞ ̆̒̌̉ ̉̍̆̆̓ ̘̈̎́̆̎̉̆ implicit=true ̉̌̉ ̐̑̏̒̓̏ implicit , ̓ ̏ ̂̔̅̔̓ 
̜̘̃̉̒̌̆̎̉̆ ̃ ̠̎̆̃̎̏̍ ̃̉̅̆ RootOf

o ɀ̈ ́̅́̆̓ ̏̑̍́̓̕ ̜̃̃̏̅́ ̝̑̆̈̔̌̓́̓́ ̃ ̃̉̅̆ȡ output = obj , ̄ ̅̆ obj ̍̏̇̆̓ 
̝̐̑̉̎̉̍́̓ ̘̠̈̎́̆̎̉ 'values' , 'vectors' , 'list' ̉̌̉ ̒̐̉̒̏̋ ̞̖̓̉ ̘̈̎́̆̎̉̊

outopts ɀ̈ ́̅́̆̓ ̗̏̐̉̉ outputoptions ̋̏̎̒̓̑̔̋̓̏̑́ ̠̅̌ ̝̟̑̆̈̔̌̓̉̑̔̆̄̏̚ 
̛̏̂̆̋̓́, ̎ ́̐̑̉̍̆̑ outputoptions=[datatype=float,shapeЀȣȢɎ
linalg :
· eigenvectors(A) ̉̌̉ eigenvects(A)
· ˏ̜́̑̉́̎̓ȡ eigenvectors(A, 'implicit') , eigenvectors(A, 'radical')
ˏ ̒̓́̎̅́̑̓̎̏̊ ̂̉̂̌̉̏̓̆̋̆ȡ
· Eigenvals(A, vecs) ɀ̋ ̏̍́̎̅́ ̏̓̌̏̇̆̎̎̏̄̏ ̠̉̒̐̏̌̎̆̎̉ ̠̅̌ ̘̉̒̌̏̃̏̊ ̗̜̍́̓̑̉ 

A,̃̏̈̃̑́́̆̓̚ ̍́̒̒̉̃ ̉̈ ̜̖̒̏̂̒̓̃̆̎̎ ̘̉̒̆̌ ̉ ̗̍́̓̑̉̔ ̉̈ ̜̖̒̏̂̒̓̃̆̎̎ 
̃̆̋̓̏̑̏̃ ̐̏ ̗̒̓̏̌̂́̍ɉ̃ ̐́̑́̍̆̓̑̆ vecs)

˿͔ͨͭͪ͊͟͡Έͤ·͚ ͙͊ͤ͊͘͡Υ ͍͔ͫͦ͋ͫͭͤͤ·͔ ͍͔ͭͦͪ͟·
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LinearAlgebra :

· CharacteristicPolynomial (A, lambda) ɀ̖ ̘́̑́̋̓̆̑̉̒̓̉̆̒̋̉̊ ̘̍̎̏̄̏̌̆̎

· MinimalPolynomial (A, lambda) ɀ̍ ̝̜̉̎̉̍́̌̎̊ ̘̍̎̏̄̏̌̆̎ ɉ̝̅̆̌̉̓̆̌Ɋ

· CharacteristicMatrix (A, lambda, outopts ) ɀ̖ ̘̠́̑́̋̓̆̑̉̒̓̉̆̒̋́ 
̗̍́̓̑̉́ lambda * I ɀA

linalg :
· charpoly (A,lambda) ̉ minpoly (A,lambda)
· charmat (A,lambda)

˿͔ͨͭͪ͊͟͡Έͤ·͚ ͙͊ͤ͊͘͡Υ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟;͔͙͚ͫ͟ 
͎ͣͤͦͦ;͔ͤ͡ ͙ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟;͔ͫ͊͟Ύ ͙ͣ͊ͭͪͼ͊
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LinearAlgebra :

· JordanForm (A) ɀ̎ ̝̠̏̑̍́̌̎́ ̇̏̑̅́̎̏̃́ ̏̑̍́̕Ȣ ˜̜̏̌̎̊ ̒̉̎̓́̋̒̉̒ȡ

JordanForm (A, out, outopts , ...) ɀ̏ ̝̜̒̓́̌̎̆ ̜́̑̄̔̍̆̎̓ ̠̝̜̎̆̏̂̈́̓̆̌̎

out ɀ̐ ́̑́̍̆̓̑ ̃ ̃̉̅̆ ÏÕÔÐÕÔ Ѐ Ȭ*ȭ(̇̏̑̅́̎̏̃́ ̏̑̍́̕Ɋ ̉̌̉ ÏÕÔÐÕÔ Ѐ Ȭ1ȭɉ̗̍́̓̑̉́ 
̖̐̆̑̆̏̅́Ɋ

outopts ɀ̈ ́̅́̆̓ ̗̏̐̉̉ outputoptions ̠̅̌ ̝̟̑̆̈̔̌̓̉̑̔̆̄̏̚ ̛̏̂̆̋̓́
linalg :
· jordan (A)

˽͙͍͔͔͙͔ͪ͒ͤ ͙ͣ͊ͭͪͼ ͟ ͔ͫͨͼ͙͊͡Έͤͦͣͯ ͍͙͒ͯΥ 
͍͗ͦͪ͒͊ͤͦ͊ ͺͦͪͣ͊
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