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1 000000000 noro_matrix.rr

000000000, asir-contrib OO0 O0O0O0OO0OODOODOODO, ODOO0DOODOOOO
‘noro_matrix.rr’ JO0O0O0O0O0O0O. OOOOOOOOOOOO, 00 ‘noro_matrix.rr’
oooooo.

[1831] load("noro_matrix.rr");
[2014]

gboobboobuodaboobbd, b 1inalg. DOOOOO0ODO.

[2014] linalg.random_mat(3,5);

[0 -1 -11

[ -1 30]

[ -2 -2 4]
goooooooo,0boooooboooooooooon.

1.1 0000ooga

1.1.1 matrix,vector,linalg.unit_mat

matrix(m,n[,listoflist]) :: mO nO000O00O0O0O0O.
vector(size[,list]) :: O00O0O0O size OOODOOOOODOO.
linalg.unit_mat(size) :: OO0O0 size 00O0OO0O00OODO.

return o0

size

m
n goo
listoflist goobogooo
list goo

e matrix, vector 0O 00O, linalg.unit_mat 0 ‘noro_matrix.rr’ 00 O000000O.
e matrix, vector O, listoflist, list 0000000000, 00000000003.

e listoflist O [[1,2,3],/3,4,5] 000 0000000000000 0. 000000000
000000,00000000000000000000000000.

e listJ (1,23 00000000O0O0. D0OOOOU0DOOOOOOOO,DOO0000
gobooobooobboobooobooboon.

[1559] matrix(2,3);

[ 0001

[00O0]

[1560] vector(3);

[ 0001

[1561] linalg.unit_mat(3);
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[1559] matrix(2,3,[[1,2,3],[4,5,611);
[123]
[ 456]

1.1.2 linalg.random_mat, linalg.random_rmat, linalg.random_vect

linalg.random_mat(size,bound) :: DUOOODOODOODOODOODODO.
linalg.random_rmat(m,n,bound) :: m 0 n O00O00O0000O0OOODOOOO.
linalg.random_vect(size,bound) :: 00000000 OOODOODOO.

return 0

number 00

e linalg.random_mat(size,bound) O, 000 size, 000 bound 00000000000
ooobooa.

e linalg.random_rmat(m,n,bound) 0 m 0O n OO0, 000 bound 0000000000
gooooo.

e linalg.random_vect(size,bound) 00 0O size O, 000 bound 00000000000
goooood.

[1579] linalg.random_mat(3,4);
[21-21]

[0-21]1]

[31-21]

[1580] linalg.random_rmat(3,5,2);
[0-1000]1

[0-1010]

[-100-111]

[1581] linalg.random_vect(3,6);

[ -323]1]

1.1.3 invmat

invmat (mat)
cmat 00 O0QoQoooono.

return goo

mat gooo
e HUOOD mat OO OOOOOOO.

e 00O [invmat,denom] 00000000, 000, invmat 000, denom 00000
00000, invmat/denom 00 00000O.

e matUDO OO0, 000000000000, invmat000000000,0000000
goob. ogobo,0oooboob,booobooobobooobooooboo,boo
gooooog.

[1575] A=linalg.random_mat(4,5);
[ 2433]
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0 ]
2 ]
-4 3]
[1576] L=invmat(A);
[[ 038 00]
[ -3 -28 63 45 ]
[ 18 16 -36 -42 ]
[ 24 -4 -48 -18 ],114]
[1577] AI=L[0]/L[1]$ AIx*A;
[15678] [ 1 0 0 0 1]

/M /e
N O W
O N O

w O

[L0100]
[0o010]
[L0O0O01]

1.1.4 det,nd_det

det (mat [,mod])
nd_det (mat [,mod])

return
mat

mod

tmat 0O00000O00O0O.

O

oo

oo

det 000 nd_det 000 mat OO DOODODOO.
OO0 mod 0000, GF(mod) DOOOOOODODOO.

gboooboooobooobooboooba,gobobobooobobobooobonogd
gobooboobooobooboooboboooog.

nd_det UUOUOOOO0OOOUO0O0OOOOOOOO0OOOOOOO. 00O000bO0b
gbooboooooboboboobo,0b0b0bob0obobobobobO,dnd det
goboooooon.

[91] A=matrix(5,5)$
[92] v=[x,y,z,u,v];
[x,y,z,u,v]

[93] for(I=0;I<5;I++)for(J=0,B=A[I],W=V[I];J<5;J++)B[J]=W"J;

[94] A;

x~3
y~3
z"3
u~3

BN
IS

X ]
[1y ]
[1z ]
[1u ]

vv2v3vid]
[95] fctr(det(A));

(f1,11, fu-v,11, [-2z+v,1], [-z+u,1], [-y+u,1], [y-v,1], [-y+z,1], [-x+u,1],

[-x+z,1], [-x+v,1], [-x+y,1]]
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1.1.5 generic_gauss_elim

generic_gauss_elim(mat)
»000ooooooog.

return goao

mat ogooo

e J0DD mat 0O0OODOO (reduced row echelon form; rref) 0000, 000000

gboobooooooooo.

e 000 [BD,JK OO0O0DDOO0OCO. 00 matD mOn000,000000 r0
000,BO r0nr0000000.DO00,JO00 nKOOO nr00000

gopooo.

e DIUUUD matO rref 00D OODD0OOODOO. rref 00 JJOO 100000 D, O
0000 o00oo0oUOO,ef0 O KJOO BOO I100,00000000000.

e JOU0ODODOOODOOOODL,DDDODOOODOOOODOOO,rrefD OO0OODO
gobobgoob,obgobgooooooooo,0oo0bob,0bo0obobobobon

gobooboooon.

[1600] A=linalg.random_rmat(3,5,2);
[0-1-10-11]

[101-10]1]

[11000]

[1601] L=generic_gauss_elim(A);

([ -1-11

[11]
[-111,2,L0121,[341]]

O00,rwef 0000000O00O00OO0ODODOOO.

def my_rref(A)

{
S = size(A); M = S[0]; N = S[1];
L = generic_gauss_elim(A);
B =L[0]; D=L[1]; J =L[2]; K = L[3];
R = length(J); NR = N-R;
Al = matrix(M,N);
for (I =0; I<R; I++ ) {
A1[I]1[J[1I]1] = D;
for (L = 0; L < NR; L++ ) A1[I][K[L]] = B[I][L];
}
return Al;
}

oo matrix vector linalg.unit_mat
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1.1.6 linalg.compute_kernel, linalg.compute_image

linalg.compute_kernel (mat [|rhs=vect])
» 0000000000 00ooo.

linalg.compute_image (mat)
0000000000 0Ooooo.

return goao
mat ooooo
vect ooOooogo

e mU nO0O0UOD0,00000000000000000 nO0000000000 m£O
goboobooobooobobooood.

e linalg.compute_kernel JOUOUDOO mat UDOOOODOOOOO.

e linalg.compute_kernel 00 OO [[vlposl],. ..,[vlposl]] DOOODOO0DO0O. OO
U,vib000000,pesid,viODOOOOO,000000000000000040
goboodoo. pesiiOb0oooooooooon.

e 000DD vect 00000000, 000 [sol,[[vl,posl],. .. [vlposl]] 0000000
0.000 sol 0 matsol = veet 00000000 (000),00000000000.

e JOUODOOOOOODO vectOOOOODOODOODODO.
e linalg.compute_image JOUODOUO mat DUODOODOOOODOO.

e linalg.compute_image 00 OO, [vl,posl,histl],...,[vlposLhist] 00000000
O.000,vidd00d00oood,pesil,viOOOOOO, 0000000000000
000000O0O0O0oOgO. pesid00000OO0OOOOOO0O0O. histi O, vi O, mat O
0o0oo0oooooooooooooooooo. oo ooooooooo,ooon
goooooo,0og,goobooooo. tooooooooooooooon,
ooooooo vigooo.

[1643] A=linalg.random_rmat(3,5,3);

[2101-1]

[2-2101]

[21-1-1-1]

[1644] linalg.compute_kernel(A);
((fl10-846171,0],[[012-101,1]]

[1645] linalg.compute_kernel(A|rhs=vector(3,[1,2,3]));
[fo0o8-5-61],[[[10-8461,0],[L012-101,111]
[1646] linalg.compute_image(A);
[[L1117,0,1)*<<0>>],[[ 0 -3 0 ],1,(1)*<<1>>+(-1)*<<0>>],
[[ 00 3 17],2,(-3)*<<2>>+(-1)*<<1>>+ (1) *<<0>>]]

1.1.7 linalg.minipoly_mat

linalg.minipoly_mat (mat)
»0D0000 mat OODOOCOODOOODO.

return gooooo
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mat gooono
e OIDD mat OO DDODOOODO, 00 xOOOOODOODOOOOQ.

[1682] A=linalg.random_mat(3,3);

[ 22 -2]

[01-1]1]

[1-2-1]

[1683] linalg.minipoly_mat(A);

X" 3+2*%x"2-x-6

[1684] A~3+2%A"2-A-6%x1linalg.unit_mat(3);

L00O0]
[000]
[000]

1.1.8 linalg. jordan_canonical_form,linalg.sample_mat

linalg. jordan_canonical_form(mat)

s gbooboooooooooogoooobooobon.
linalg.sample_mat(list)

s ggboooooboobooobboobooopoboooooooo.

return goao
mat goooooo
list goooooooooonon

e linalg.jordan_canonical_form(mat) DODOOODO0OO mat OOODOOODOOODO
gooo.

e 00O [Pflel,sl,nl],. .. [elslnl]],defideal] 00000000000, 000,P OO0
00,0000 P(-)APOD00O0OOOOOO0OOD00, feisin] 0,000 e, 0
00 si00000000000 pi0000000000.

o IO, 000 a0,...,am 00000000000, OOOOOOOO0,0000000¢0
O0O00oooDOoD0.00000000bDDbDO0O0, defideal DODOOOO. deflideal
gbooooogoobob,bobooooboob,bobobobooboooboobobo
gobo.goboo,obbooboooboob,oooboobboobooobd
go.

e linalg.sample mat(list) 0000000000000 O0OO0OODOODOODODOODO
0. Iist O [lel,sl],...[els]] DO0DODOO0O0O, [eis1] 0000 e, 000 si 00000
oooooooo.ooooooooooooooooooboooooon.

[1-20]1

[-121]

[0-21]

[1807] L=linalg.jordan_canonical_form(A);
([ 2-20]1]

[-101]
[2-2-11,002,1,1],[1,2,11], (1]

[1808] P=L[0]$T=invmat (P)$PI=T[0]/T[1]$
[1809] [1810] [1811] PI*Ax*P;
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o O N
O = O
= = O
_ e

1810] A=linalg.sample_mat([[1,2],[1,1],[2,3],[2,1],[2,11]1);
202 113 14 678 0 0 ]

-11 -2 -120 -14 -720 0 0 1]

-7 0 -13 -840 -105 -5040 0 0 ]
54 54 0 380 0 2268 -54 0 ]
102 112 16 672 0 0 ]

e

-9 -9 0 -63 0 -376 9 0 1
1107042101

11070420 2]
1811] L=linalg.jordan_canonical_form(A);
[0-64200022]

0600000 -2
42 -294 0 0 0 0 -1 -1 ]
0006010800 ]

-6 42 48 0 0 0 0 0 ]
00-1-10-1800 1]

000002001
coooto-201,[l2,3,1],[2,1,2],[1,2,1],[1,1,11], 1]

oo linalg.minipoly_mat
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