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1 000000000 noro_matrix.rr

000000000, asir-contrib 0000 O0O0O0O0OOOOO, ODOODODODOODOO
‘noro_matrix.rr JOO0OO0O00O0. ODOOOOOOOOOOO, 00 ‘noro_matrix.rr’
gooooo.

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

[2014]
000000000000 00000,00 linalg. 00OO0OOOO.

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

[ 0-1-11]

[ -130]1]

[ -2 -24]
0o0ooooooo,0boooooboooooooooon.

1.1 0J0ooogaga

1.1.1 matrix,vector,linalg.unit_mat

matrix(m,nl[,listoflist]) :: mO nO00O0O00O00OODODOO.
vector(sizel,list]) :: 0000 size 0O0O0O0O00O00OOOO.
linalg.unit_mat(size) :: UOUODO size UOODOOOODOODO.

return o0

size

m

n oood
listoflist ooOooooo
list ood

e matrix, vector U 0O, linalg.unit_mat 0 ‘noro_matrix.rr’ OOO0OOOODO.
e matrix, vector O, listoflist, list 0 000000000, 0000000000.

o listoflist O [[1,2,3,/3,4,5]] 00 000000000000000. 000000000
000000,00000000000000000000000000.

o Jist O [1,2,3]DDDDDDDDDD. 0oooooooooooooo,0oooog
goooooooooooooooooono.

[1559] matrix(2,3);

[000]

[0O0O0]

[1560] vector(3);

[L0O0O0]

[1561] linalg.unit_mat(3);

[100]
0
1

155

> = 01 O O
OGN O O+~

L B W e B e W
W

]
]
] matrix(2,3,[[1,2,3],[4,5,61]1);
]
]
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1.1.2 linalg.random_mat, linalg.random_rmat, linalg.random_vect

linalg.random_mat(size,bound) :: OO0OOO0000O00O0OCDOOO.
linalg.random_rmat(m,n,bound) :: m 0 n OUO0O0OD0O0OOODOODOODODO.
linalg.random_vect(size,bound) :: DO OOO00O0O0OOOOOOOO.

return o

number 00

e linalg.random_mat(size,bound) O, 00 O size, 000 bound 00000000000
ooooooaa.

e linalg.random_rmat(m,n,bound) 0 m 0 n 00, 000 bound 0000000000
ogooooaao.

e linalg.random_vect(size,bound) 00 0O size O, 000 bound 000000000 DODO
gooooog.

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

[0-211]

[31-21]

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

[0-1010]1]

[-100-111]

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

[ -323]

1.1.3 invmat

invmat (imat)
csmatdO0QO0Q0Q0QOgoono.

return good

mat oooo
e JOUUD matJOODOODOODO.

e 00O [invmat,denom] DO OO0O0O0O0O. 00O, invmat 000, denom 00000
00000, invmat/denom 0000000,

e matUODO0, 000000000000, invmat 000000000, 0000000
0000. 00000, 00000,0000000000000D000000,000
ooooooo.

[1575] A=linalg.random_mat(4,5);
[ 2433]

—_
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[ -3 -28 63 45 ]

[ 18 16 -36 -42 ]

[ 24 -4 -48 -18 ],114]
[1577] AI=L[0]/L[1]$ AI*A;
(15781 [ 1 00 0 1]

[01

00 ]
[L0010]
L0000 1]

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

nd_det (mat[,mod])
cmat0000000O0O.

return O
mat oo
mod 00

e det U nd_det UU0O mat O oognoog.
e U0 mod DODOO, GF(mod) DODOOOOOODO.

e JUOOOODDODODOUDOOLDLDOOUDLDO,DUDOODOLODOOLOODLOODOOD
gbobobobobobuobobuoboboboo.

nd detU0000OOO0O0O0OOOCO0OOOOOCOOOOOCOOO. OO0OOCOOO
O000000ooooooooog,0o0bodoooooooooooo,ond det
gooooooooo.

[91] A=matrix(5,5)$

[92] v=[x,y,z,u,v];

[x,y,2z,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;

[ 1 xx"2x"3x74]
[1yy2y3y4]
[1z2z"22z"32z"4]
[1uu2u3uid]
[1vv2v3vid]

[95] fctr(det(A));
(f1,11, lu-v,11, [-z+v,1]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]]

1.1.5 generic_gauss_elim

generic_gauss_elim(mat)
s Oooooooooo.
return ood

mat good
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e D000 mat 00O0OODO (reduced row echelon form; rref) 0000, 000000
oo0oooooooooog.

e 000 [BD,JK OOO0ODOOOCO. 00 matD mO n000,000000 r0
000,BO r0nr0000000.DO00,JO000 nKOOO nr00000
ooooo.

e DIUOOD matD rref 0O DOODDOODODOO. rref 00 JJOO 100000 D, O
0000 o00OO0oOoO,ref0 O K[JOO BODO I00,000000000000.

Jo0d0oooO000obDoOo00,0bbo000noooOo00oD,wef0 000O0DO
000000, 0000000000000,000000,000000000000
oopoDooooooo.

[1600] A=linalg.random_rmat(3,5,2);

[0-1-10-11

[101-10]

[11000]

[1601] L=generic_gauss_elim(A);

([ -1-11

[11]

[-1171,2,[L0127],[341]]
O00,rref 0000000DOOODOOODODOO.

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[11[J[1I]1] = D;
for (L = 0; L < NR; L++ ) A1[I][K[L]] = BLII[L];
}
return Al;
}
oo Section 1.1.1 [matrix vector linalg.unit_mat|, page 1

1.1.6 linalg.compute_kernel, linalg.compute_image

linalg.compute_kernel (mat[|rhs=vect])
S A A I A A

linalg.compute_image (mat)
s 0000000 oo0ooOoooo.

return ooo
mat gooono
vect goooooo

e mU nO00UO0,00000000000000000nO0000000000 mAO
gbobooboodgbooboogod.
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e linalg.compute_kernel JOUO OO0 mat UODDOODDOOOOO.

e linalg.compute_kernel 00 OO [[vl,posl],. ..,[vlposl]] DOODOOO0D0O0O. OO
U,vib000b0000,pesil,viODOOOOOO,000000000000000040
oboobOobO. pesiDO0OOO0OO0OO0OODOODOO.

e 000DD vect 00000000, 000 [sol[[vl,posl],. .., [vlposl] 0000000
0.000 sol 0 matsol = veet 010000000 (000),00000000000.

e JOUODOODOODODODO veetOOODOOODODOODODO.
e linalg.compute_image UUUDUUD mat UUDODOOODOOOO.

e linalg.compute_image 0O OO, [vl,posl,histl],...,[vlposLhist] 00000000
O.000,viddd0oood,pesil,viOOOOOO, 0000000000000
000000oOoOoOogd. pesid00000O0OOOOO0O0O0O. histi O, vi O, mat O
0o0o0o0o0ooooooooooooooooo. oo ooooooooo,oon
goooooo,0og, g0, tooooooooooooooon,
ooooooo vigooo.

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

[2101-1]

[2-2101]

[21-1-1-11]

[1644] linalg.compute_kernel(A);
[((L10-8461,0],[[l012-101,1]1]

[1645] linalg.compute_kernel(A|rhs=vector(3,[1,2,3]1));
[fo0o8-5-61],[[[10-8461,0],[L012-101,111]
[1646] linalg.compute_image (A) ;
[[[L11117,0,)*x<<0>>],[[ 0 -3 0 1,1, (1)*<<1>>+(-1)*<<0>>],
[[ 00 31,2,(-3)%<<2>>+(~-1)*<<1>>+ (1) *<<0>>]]

1.1.7 linalg.minipoly_mat

linalg.minipoly_mat (mat)
00000 matOOO0OO0OOOOOODO.

return gooooo

mat ooooo
e D000 mat 0D0DODODODOOOOO, 00 xOOODODOOOQoooDODO.

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

[ 22 -21]

[01-11]

[1 -2 -11]

[1683] linalg.minipoly_mat(A);

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

[1684] A~3+2%A"2-A-6%1inalg.unit_mat(3);
[L000O0]

[L000O0]
[00O0]
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1.1.8 linalg. jordan_canonical_form,linalg.sample_mat

linalg. jordan_canonical_form(mat)
s do0o0o0oodoooobouooooooooaa.

linalg.sample_mat (list)
00000000 0O000oooooobooooOooooooo.

return goao
mat goooooo

list gobooboooboooo

e linalg.jordan_canonical_form(mat) OO0OO0OOO00 mat 0000000000
oooog.

e 000 [Pflel,sl,nl],. .. [elslnl]],defideal] D0 000000000. 000,P OO0
00,0000 P~(-1)APO000000000000O0000, feisin] 0,000 e, O
00 si00000000000 ni00000000oo.

e 0O, 000 a0,...,am 0000000000, O00O0ODO0OOO,00000000
O000000D0OD.000O000000DDODOO, defideal0O0DOODOO. deflideal
gboboooboobobob,o0booboobg,bogbooooooboooooonod
gobooa.gobob,gbbooboooboab,boobobuoobbooboaoobd
go.

e linalg.sample_mat(list) 00 0000000000000 0O0O0OOODOOOOOOO.
list O [[el,s1],...,[elsl]] DO00OO0ODO0O, lei,sl]] D000 e, 000 si 0000000
000000.0000000000000000000000000.

[1-20]
[-121]

[0-21]

[1807] L=linalg.jordan_canonical_form(A);

([ 2-20]

[-101]

[2-2-11,[[2,1,1]1,[1,2,111,0]]

[1808] P=L[0]$T=invmat (P)$PI=T[0]/T[1]1$

[1809] [1810] [1811] PIxAx*P;

[200]

[011]

[001]

[1810] A=linalg.sample_mat([[1,2],[1,1],[2,3],[2,1],[2,1]11);

[202 113 14 678 0 0 ]

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

[ -7 0 -13 -840 -105 -5040 0 0 ]

[ 54 54 0 380 0 2268 -54 0 ]

[102112 16 672 0 0 ]

[

[

[

[

0
1
1
L

-9 -9 0 -63 0 -376 9 0]

0704210 ]

070420 2]

] L=11na1g.jordan_canonical_form(A);
[([0-64200022]

[0600000 -21]
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RN

Section 1.1.7 [linalg.minipoly_mat], page 5
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