HEREFHE REL
B s e nd

BRARNSFEFFBRAITER

nning an(@sina.com
1 flg—AAE
8 RATLAUT eR AL e () RBIEE ANk, il
> x=c(1, 2, 3,4)

> X
[1] 123 4
2 fIE—NMERE

75 RAPAT LT B2 mat ri x () SREVE— M, W IZ R BN T2 A L S e .
> args(matrix)
function (data = NA, nrow =1, ncol =1, byrow = FALSE, di manes
= NULL)
dat a W4 E M ICE, nrow B1TEL, ncol %%, VERE nrow 5 ncol KRR
FFE TR, byr ow I HIFESI TR NS S HLATHET, di manmes 4@ T HIBI AR
il
> matrix(1:12, nrow=3, ncol =4)
(.1 [,2] [.3] [.4]
[1,] 1 4 7 10
[2,] 2 5 8 11
[3,] 3 6 9 12
> matri x(1:12, nrow=4, ncol =3)
(.1 [.2] [,3]
[1,] 1 5 9
[2,] 2 6 10
[3,] 3 7 11
[4,] 4 8 12
> matrix(1:12, nrow=4, ncol =3, byr ow=T)
(.1 [.2] [,3]
[1,] 1 2 3
[2,] 4 5 6
[3,] 7 8 9
[4,] 10 11 12
> r ownane
[1] "r21" "r2" "r3"
> col name=c("c1","c2","c3","c4")
> col nane
[1] "cl1" "c2" "¢3" "c4"
> matri x(1: 12, nrow=3, ncol =4, di manes=l i st (r ownane, col nane))
cl c2 c3 c4


mailto:nning_an@sina.com

ri 1 4 7 10
rz 2 5 811

3 SEREEE
A}y mxn HiBE, K AYER T HREC (), il
> A=matri x(1: 12, nrow=3, ncol =4)
> A
(.1 [.2] [,3] [.4]
[1,] 1 4 7 10
[2,] 2 5 8 11
[3,] 3 6 9 12
> t(A
[.1] [.2] [,3]
[1,] 1 2 3
[2,] 4 5 6
[3,] 7 8 9
[4,] 10 11 12
KRt O EHT AN m & x, W REGA x Aaim &, R EIEEHR AT &, Fl:
> X
[1] 2 2 3 4 5 6 7 8 910
> t(x)
(.1 [.2] [,3] [.4] [.5] [.6] [.7] [.8] [,9] [,10]
[1,] 1 2 3 4 5 6 7 8 9 10
> class(x)
[1] "integer"
> class(t(x))
[1] "matrix"
AR AR, aTHE(t(x)), Flh:
> X
[1] 2 2 3 4 5 6 7 8 910
> t(t(x))
[, 1]
[1,]
[2,]
[3,]
[4,]
[51]
[6,]
[7,]
[8,1]
[9,]
[10,] 10
> y=t(t(x))
> t(t(y))
[, 1]

© 00 N O Ol WN P



[1.]
[2,]
[3.]
[4.]
[5.]
[6,]
[7.]
[8.]
[9.]
[10,] 10
4 JEEEADNR
75 R [FEAT FBUEEREAR NG, PTHATS: S 7y s—7, it
> A=B=matri x(1l: 12, nrow=3, ncol =4)
> A+B
(.11 [.2] [.3] [.4]
[1,] 2 8 14 20
[2,] 4 10 16 22
[3,] 6 12 18 24
> A-B
(.11 [.2] [.3] [.4]
[1,] 0 0 0 0
[2,] 0 0 0
[3,] 0 0 0 0
5 BSHERTR
A}y mxn HiE, >0, fER PR cA ATHFFS: x>, Hih:
> c=2
> Cc*A
(.1 [.2] [.3] [,4]
[1,] 2 8 14 20
[2,] 4 10 16 22
[3,] 6 12 18 24
6 JEFEAHTR
A}y mxn HiBE, B A nxk HiFE, 75 RYK AB Al A5 “%*%”, #i:
> A=matri x(1: 12, nrow=3, ncol =4)
> B=matrix(1: 12, nr ow=4, ncol =3)
> AV 9B
(.11 [.2] [,3]
[1,] 70 158 246
[2,] 80 184 288
[3,] 90 210 330
7 A K nxm 5P, B 5 AB, v IR cr ossprod() , R EGTHER 5t (A) % 9B
I P (EPRS &= P
> A=matri x(1: 12, nrow=4, ncol =3)
> B=matrix(1: 12, nr ow=4, ncol =3)

© 00 N O Ol WON P

o



> t (A % 9B
(.1 [.2] [,3]
[1,] 30 70 110
[2,] 70 174 278
[3,] 110 278 446
> crossprod(A, B)
(.1 [.2] [,3]
[1,] 30 70 110
[2,] 70 174 278
[3,] 110 278 446
7 FEEEXNATTEMKRIER
G B AN J7 FE R A TR
> A=matri x(1: 16, nrow=4, ncol =4)

> A

(.1 [.2] [.3] [.4]
[1,] 1 5 9 13
[2,] 2 6 10 14
[3,] 3 7 11 15
[4,] 4 8 12 16
> diag(A)

[1] 1 6 11 16
W= di ag() B&ECKE ™ A DUXAN )58 X6 TG 2 R M RE, i
> di ag(di ag(A))

(.11 [.2] [.3] [.4]

[1,] 1 0 0 0

[22] O 6 0 0O

[3] 0 0 11 O

[4] O 0 0 16

XF—ANEHEEL 2 N di ag() BRECK =B DL z 4R AT AR, {5 e
> diag(3)

[.1 [.2] [,3]
[1,] 1 0 0
[2,] 0 1 0
[3,] 0 0 1
8 JEFERIH
FipESR IS ] FH 5 sol ve() , NH sol ve(a, b) g5 45 5 R MRLNE 724 ax = b,
A b GE, WIRGEEA N BALFERE, I A] I TR SR, {54
> a=matri x(rnorm(16), 4, 4)
> a
[.1] [.2] [, 3] [, 4]
[1,] 1.6986019 0.5239738 0.2332094 0.3174184
[2,] -0.2010667 1.0913013 -1.2093734 0.8096514
[3,] -0.1797628 -0.7573283 0.2864535 1.3679963
[4,] -0.2217916 -0.3754700 0.1696771 -1.2424030



> sol ve(a)
[, 1] [.2] [.3] [.4]

[1,] 0.9096360 O0.54057479 0.7234861 1.3813059

[2,] -0.6464172 -0.91849017 -1.7546836 -2.6957775

[3,] -0.7841661 -1.78780083 -1.5795262 -3.1046207

[4,] -0.0741260 -0.06308603 0.1854137 -0.6607851

> solve (a) %%

[, 1] [.2] [.3] [.4]

[1,] 1.000000e+00 2.748453e-17 -2.787755e-17 -8.023096e-17

[2,] 1.626303e-19 1.000000e+00 -4.960225e-18 6.977925e-16

[3,] 2.135878e-17 -4.629543e-17 1.000000e+00 6.201636e-17

[4,] 1.866183e-17 1.563962e-17 1.183813e-17 1.000000e+00
9 FEMEHEHMEESRERER

FEFE A TO0E i A=UAU' I A JEH A RRIEE AL MR RE, U 5100 A 11
FEAEAERT IR ) &, 7 R ATEAR] 6K ei gen() BZAS 31 U FI A,

> args(eigen)

function (x, symretric, only.values = FALSE, El SPACK = FALSE)

e x RFERE, symret ri c g g kR x & AIRERE, HAFRE, RIK A
R X S A RTFRFE o 151

> A=di ag(4) +1

> A

(.1 [.2] [.3] [.4]
[1,] 2 1 1 1
[2,] 1 2 1 1
[3,] 1 1 2 1

[4,] 1 1 1 2

> A ei gen=ei gen(A, synmetri c=T)
> A eigen

$val ues

[1] 5111

$vectors

[, 1] [, 2] [, 3] [, 4]
[1,] 0.5 0.8660254 0.000000e+00 0.0000000
[2,] 0.5 -0.2886751 -6.408849e-17 0.8164966
[3,] 0.5 -0.2886751 -7.071068e-01 -0.4082483
[4,] 0.5 -0.2886751 7.071068e-01 -0.4082483

> A eigen$vectors% %li ag( A ei gen$val ues) % % (A ei gen$vect ors)
(.1 [.2] [,3] [.4]

[1,] 1 1

[2,]

[3,]

[4.]

SN =N )
N R R

2 1
1 2
1 1



> t (A eigen$vectors) % %A. ei gen$vectors
[, 1] [.2] [.3] [.4]
[1,] 1.000000e+00 4.377466e-17 1.626303e-17 -5.095750e-18
[2,] 4.377466e-17 1.000000e+00 -1.694066e-18 6.349359%¢e-18
[3,] 1.626303e-17 -1.694066e-18 1.000000e+00 -1.088268e-16
[4,] -5.095750e-18 6.349359e-18 -1.088268e-16 1.000000e+00
10 %5FEH) Choleskey 23
YT IEEHE A, AP T Choleskey 40 fif, Hl: A=P'P, b Py B —=fHifE, 7&
R AT LA %X chol () #8417 Choleskey 43, 1120:

> A

(.1 [.2] [.3] [.4]
[1,] 2 1 1 1
[2,] 1 2 1 1
[3,] 1 1 2 1
[4,] 1 1 1 2
> chol (A)

[,1] [,2] [,3] [,4]
[1,] 1.414214 0.7071068 0.7071068 0.7071068
[2,] 0.000000 1.2247449 0.4082483 0.4082483
[3,] 0.000000 0.0000000 1.1547005 0.2886751
[4,] 0.000000 0.0000000 0.0000000 1.1180340
> t (chol (A)) % %hol (A)
[,1] [,2] [,3] [,4]

[1,] 2 1 1 1
[2,] 1 2 1 1
[3,] 1 1 2 1

[4,] 1 1 1 2
> crossprod(chol (A), chol (A))
(.1 [.2] [,3] [.4]

[1,] 2 1 1 1
[2,] 1 2 1 1
[3,] 1 1 2 1

[4,] 1 1 1 2
AR R SRR IE S HE,  w] LARIH Choleskey 73 sKAT 512N IEL, i
> prod(di ag(chol (A))"2)
[1] 5
> det (A
[1] 5
A KB S FRIE 2 HRE, T LRI Choleskey 70 i SR AR MR IR 30, 3 i FH BRI 4L
chol 2i nv() , XFHVEEARL. Wi
> chol 2i nv(chol (A))
(.1 [.2] [,3] [.4]
[1,] 0.8 -0.2 -0.2 -0.2
[2,] -0.2 0.8 -0.2 -0.2



[3.]

-0.2 -0.2 0.8 -0.2

[4,] -0.2 -0.2 -0.2 0.8
> sol ve(A)

(.1 [.2] [.3] [.4]
[1,] 0.8 -0.2 -0.2 -0.2
[2,] -0.2 0.8 -0.2 -0.2
[3,] -0.2 -0.2 0.8 -0.2
[4,] -0.2 -0.2 -0.2 0.8

11 5ERF#T RAE MR

ANmxnFEFE, rank(A)=r, A LLMENR: A=UDV', H AP U'U=V'V=I. 7R A] LU %
scd() BT SAE iR, 7

> A=matrix(1: 18, 3, 6)

> A
(.1 [.2] [,3] [.4] [.5] [.6]

[1,] 1 4 7 10 13 16
[2,] 2 5 8 11 14 17
[3,] 3 6 9 12 15 18
> svd(A)
$d
[1] 4.589453e+01 1.640705e+00 3.627301le-16
$u

[.1] [.2] [.3]
[1,] -0.5290354 0.74394551 0.4082483
[2,] -0.5760715 0.03840487 -0.8164966
[3,] -0.6231077 -0.66713577 0.4082483
$v

[.1] [.2] [.3]
[1,] -0.07736219 -0.7196003 -0.18918124
[2,] -0.19033085 -0.5089325 0.42405898
[3,] -0.30329950 -0.2982646 -0.45330031

.41626816 -0.0875968 -0.01637004

[5,] . 52923682 0.1230711 0.64231130

[6,] . 64220548 0.3337389 -0.40751869

> A svd=svd(A)

> A svd$u% %di ag( A svd$d) % % (A svd$v)
(.11 [.2] [.3] [.4] [.5] [.6]

[4.]

[1,] 1 4 7 10 13 16
[2,] 2 5 8 11 14 17
[3,] 3 6 9 12 15 18

> t (A svd$u) % %A. svd$u

[, 1]

[, 2]

[ 3]

[1,]
[2,]
[3.]

1. 000000e+00 -1.169312e-16 -3.016793e-17
-1.169312e-16 1.000000e+00 -3.678156e-17
-3.016793e-17 -3.678156e-17 1.000000e+00



> t (A svd$v) % %A svd$sv
[, 1] [.2] [.3]

[1,] 1.000000e+00 8.248068e-17 -3.903128e-18

[2,] 8.248068e-17 1.000000e+00 -2.103352e-17

[3,] -3.903128e-18 -2.103352e-17 1.000000e+00
12 FEFEQRIM#

AR mxnfi ] LT QRIME, A=QR, H: Q'Q=I, 7ERP W LIHEkqr () 24T
QRZM#, il

> A=matrix(1:16,4,4)

> qr(A)

$qr

[.1] [.2] [.3] [.4]

[1,] -5.4772256 -12.7801930 -2.008316e+01 -2.738613e+01

[2,] 0.3651484 -3.2659863 -6.531973e+00 -9. 797959e+00

[3,] 0.5477226 -0.3781696 2.641083e-15 2.056562e-15

[4,] 0.7302967 -0.9124744 8.583032e-01 -2.111449e-16

$r ank
[1] 2

$qr aux
[1] 1.182574e+00 1.156135e+00 1.513143e+00 2.111449e-16

$pi vot
[1] 123 4

attr(,"class")
[1] "ar”
rank IR [ RERRR, or R T A FEQRIRIE S, EAEIFEREQAIR, nl LA Rk
ar. Q) Figr. R() 1 ffqr () Mg i, ik

> qr. R(ar (A))

[.1] [.2] [.3] [.4]
[1,] -5.477226 -12.780193 -2.008316e+01 -2. 738613e+01
[2,] 0.000000 -3.265986 -6.531973e+00 -9.797959e+00
[3,] 0.000000 0.000000 2.641083e-15 2.056562e-15
[4,] 0.000000 0.000000 0.000000e+00 -2.111449e-16
> qr. Qar(A)

[, 1] [.2] [.3] [.4]
[1,] -0.1825742 -8.164966e-01 -0. 4000874 -0.37407225
[2,] -0.3651484 -4.082483e-01 0.2546329 0.79697056
[3,] -0.5477226 -8.131516e-19 0.6909965 -0.47172438
[4,] -0.7302967 4.082483e-01 -0.5455419 0.04882607
> qr. Qqr (A) % %r. R(ar (A))

(.1 [.2] [,3] [.4]



[1,] 1 5 9 13
[2,] 2 6 10 14
[3,] 3 7 11 15

[4] 4 8 12 16
>t(qr. Qar(A)) % %r. Qar(A))
[,1] [, 2] [, 3] [, 4]

[1,] 1.000000e+00 -1.457168e-16 -6.760001le-17 - 7.659550e- 17
[2,] -1.457168e-16 1.000000e+00 -4.269046e-17 7.011739e-17
[3,] -6.760001e-17 -4.269046e-17 1.000000e+00 - 1.596437e- 16
[4,] -7.659550e-17 7.011739%e-17 -1.596437e-16 1.000000e+00
> qr. X(ar(A)

(011 [.2] [,3] [.4]

[1,] 1 5 9 13
[2,] 2 6 10 14
[3,] 3 7 11 15

[4] 4 8 12 16

13 4EF&) X% (Moore-Penrose)
nxm 5 FEATFR N mxn B Aff)Moore-Penroseld ,  H1 S e A2 R A1 464«
O AA'A=A; @AAA=A"; BAANY=AA"; @DAA)'=A"A
TERMIMASSEL H ek $igi nv () Al vHEHIBE A ) Moore-Penroseldt, i 41l
I'i brary(“MASS”)

> A

(.1 [.2] [.3] [.4]
[1,] 1 5 9 13
[2,] 2 6 10 14
[3,] 3 7 11 15
[4,] 4 8 12 16
> ginv(A)

[,1] [,2] [,3] [, 4]

[1,] -0.285 -0.1075 0.07 0.2475
[2,] -0.145 -0.0525 0.04 0.1325
[3,] -0.005 0.0025 0.01 0.0175
[4,] 0.135 0.0575 -0.02 -0.0975
ouErE L

> A% Y%gi nv(A) % %A

[,1] [,2] [,3] [,4]

[1,] 1 5 9 13
[2,] 2 6 10 14
[3,] 3 7 11 15
[4] 4 8 12 16
oEPE R 2:

> gi nv(A) % %A\% %gi nv( A
[.1] [.2] [.3] [.4]
[1,] -0.285 -0.1075 0.07 0.2475



[2,] -0.145 -0.0525 0.04 0.1325
[3,] -0.005 0.0025 0.01 0.0175
[4,] 0.135 0.0575 -0.02 -0.0975
Yo uE P 3 :
> t (A% %ginv(A))
(011 [.2] [,3] [.4]
[1,] 0.7 0.4 0.1 -0.2
[2,] 0.4 0.3 0.2 0.1
[3,] 0.1 0.2 0.3 0.4
[4,] -0.2 0.1 0.4 0.7
> A% %gi nv(A)
[,1] [.2] [,3] [.4]
[1,] 0.7 0.4 0.1 -0.2
[2,] 0.4 0.3 0.2 0.1
[3,] 0.1 0.2 0.3 0.4
[4,] -0.2 0.1 0.4 0.7
Yok 4 -
> t(ginv(A) % %)
[,1] [.2] [,3] [.4]
[1,] 0.7 0.4 0.1 -0.2
[2,] 0.4 0.3 0.2 0.1
[3,] 0.1 0.2 0.3 0.4
[4,] -0.2 0.1 0.4 0.7
> gi nv(A) % %A
[,1] [.2] [,3] [.4]
[1,] 0.7 0.4 0.1 -0.2
[2,] 0.4 0.3 0.2 0.1
[3,] 0.1 0.2 0.3 0.4
[4,] -0.2 0.1 0.4 0.7
14 %EFFKroneckerfR
nxm ¥ PEA S hx kA FEB T kronecker R A — N nhxmk4ERE BE, AN

aB - a,B

n

A L ®B, =

mxn

a B - a B

mn mhxnk

fERY kroneckerFUn] LA b itkr onecker () R4, #il:
> A=matrix(1:4,2,2)
> B=matrix(rep(1,4),2,2)
> A

[.1] [.2]
[1,] 1 3
[2,] 2 4
> B

[.1] [.2]



[1,] 1 1
[2,] 1 1
> kronecker (A, B)
(.1 [.2] [.3] [.4]

[1,] 1 1 3 3
[2] 1 1 3 3
[3,] 2 2 4 4
[4] 2 2 4 4

15 SEFER4E%0

ERFPIR AL BN —AMEFE e, 4Ldi () R [ —ANEERERI4E5 nrow( ) &[]
1748, ncol () R [BIFE, Hild0.

> A=matrix(1:12, 3, 4)

> A

(.1 [.2] [,3] [.4]

[1,] 1 4 7 10

[2,] 2 5 8 11

[3,] 3 6 9 12

> nrow A

[1] 3

> ncol (A

[1] 4
16 FERERATAI. FIA. TP 5FFY

TERPRZE 5y sRAF — N S AT R AL, ~EECE 5. P8, .

> A

(.1 [.2] [,3] [.4]

[1,] 1 4 7 10

[2,] 2 5 8 11

[3,] 3 6 9 12

> rowSuns( A)

[1] 22 26 30

> rowMeans(A)

[1] 5.56.5 7.5

> col Suns(A)

[1] 6 15 24 33

> col Means(A)

[1] 2 5 8 11
17 SEREX X

GV, FRATE & T 2 R IXFEAR M0, WOLSA vk sk R &R . RPIE
“strucchange” &4t TH T E Tk

> args(sol veCrossprod)

function (X, method = c("qgr", "chol", "solve"))

s et hod #8 & SR vk, & ~qr &% i, £ “chol 7 X5 &, & H
“sl ove” sl ove(crossprod(x, X)) ZCRHFH, #1t:

> A=matri x(rnorm(16), 4, 4)



> sol veCr ossprod( A net hod="qgr")
[.1] [.2] [.3] [, 4]
[1,] 0.6132102 -0.1543924 -0.2900796 0.2054730
[2,] -0.1543924 0.4779277 0.1859490 -0.2097302
[3,] -0.2900796 0.1859490 0.6931232 -0.3162961
[4,] 0.2054730 -0.2097302 -0.3162961 0.3447627
> sol veCr ossprod( A net hod="chol ")
[.1] [.2] [.3] [.4]
[1,] 0.6132102 -0.1543924 -0.2900796 0.2054730
[2,] -0.1543924 0.4779277 0.1859490 -0.2097302
[3,] -0.2900796 0.1859490 0.6931232 -0.3162961
[4,] 0.2054730 -0.2097302 -0.3162961 0.3447627
> sol veCr ossprod( A net hod="sol ve")
[.1] [.2] [.3] [.4]
[1,] 0.6132102 -0.1543924 -0.2900796 0.2054730
[2,] -0.1543924 0.4779277 0.1859490 -0.2097302
[3,] -0.2900796 0.1859490 0.6931232 -0.3162961
[4,] 0.2054730 -0.2097302 -0.3162961 0.3447627
> sol ve(crossprod(A A))
[.1] [.2] [.3] [.4]
[1,] 0.6132102 -0.1543924 -0.2900796 0.2054730
[2,] -0.1543924 0.4779277 0.1859490 -0.2097302
[3,] -0.2900796 0.1859490 0.6931232 -0.3162961
[4,] 0.2054730 -0.2097302 -0.3162961 0.3447627
18 EUERER B F=A%a
TERY, FRATTRT DMRTT (IR — N FERER by R =Moo s, Rl ower . tri ()
FegFupper . tri () =42 THB T,
> args(lower.tri)
function (x, diag = FALSE)
PRI [B]— AN AR AR M, b R =M o B, = R, 1R Tidi ag h E
AL e ER, AR X ICE. upper. tri () MRCRS 2 FARM . Bil:
> A
(.1 [.2] [,3] [.4]

[1,] 1 5 9 13
[2,] 2 6 10 14
[3,] 3 7 11 15
[4] 4 8 12 16

> |ower.tri (A)

[.11 [.2] [.3] [.4]
[1,] FALSE FALSE FALSE FALSE
[2,] TRUE FALSE FALSE FALSE
[3,] TRUE TRUE FALSE FALSE
[4,] TRUE TRUE TRUE FALSE
> |ower.tri (A diag=T)



(.1 [.2] [,3] [.4]
[1,] TRUE FALSE FALSE FALSE
[2,] TRUE TRUE FALSE FALSE
[3,] TRUE TRUE TRUE FALSE
[4,] TRUE TRUE TRUE TRUE
> upper.tri (A)

(.1 [.2] [,3] [.4]
[1,] FALSE TRUE TRUE TRUE
[2,] FALSE FALSE TRUE TRUE
[3,] FALSE FALSE FALSE TRUE
[4,] FALSE FALSE FALSE FALSE
> upper.tri (A diag=T)

(.1 [.2] [,3] [.4]
[1,] TRUE TRUE TRUE TRUE
[2,] FALSE TRUE TRUE TRUE
[3,] FALSE FALSE TRUE TRUE
[4,] FALSE FALSE FALSE TRUE
> Allower.tri(A]=0

> A

(.1 [.2] [.3] [.4]
[1,] 1 5 9 13
[2,] 0 6 10 14
[3,] 0 0 11 15

[4,] 0 0 0 16
> Al upper.tri(A]=0

> A

(.1 [.2] [.3] [.4]
[1,] 1 0 0 0
[2,] 2 6 0 0
[3,] 3 7 11 0

[4,] 4 8 12 16
19 backsol ve&f owar dsol ve &%
KPS BREUT TR BT R, HURF IR 2 A AE T R B Mo Bl =44 .
> args(backsol ve)
function (r, x, k =ncol (r), upper.tri = TRUE, transpose
> args(forwardsol ve)
function (I, x, k =ncol (1), upper.tri = FALSE, transpose = FALSE)
Hodr: rai# | Anxndt = MM, x nx14Em &, X4 @A Ffupper. tri fil
transposeffi, JTRERIEXAIRN, .

FALSE)

a, 4y a, bl
a,, a a b
21 22 2 2
A= . b=
anl anZ ann bn



% #backsol ve() 1M &,

upper.tri =T&transpose=T
a, 0 05,
alz a22 0 0 b2
al,nfl az,n—l 0]:

o Qo 0 Ay b,
upper.tri =T&transpose=F
a, 4 al,nfl al,n bl
0 Ay aZ,n 1 aZ,n bz
20 B Dl
0 0 a, b,
upper.tri =F&transpose=T
all a21 an—l,l an,l bl
0 Ay an—l,z an,Z bz

0 ' :

0 0 a, b,
upper.tri =F&transpose=F
a, 0 0|h,
alz a22 0 0 b2
al,nfl az,n—l 0
G Gy, | b,

il 4n .
> A=matrix(1:9, 3, 3)
> A

[.1] [.2] [,3]
[1,] 1 4 7
[2,] 2 5 8
[3,] 3 6 9
> x=c(1, 2, 3)
> X
[1] 1 2 3
> B=A

> B[ upper.tri(B)]=0
> B

(.1 [.2] [.3]

[1,] 1 O0 0




[2,] 2 5 0
[3,] 3 6 9
> C=A
> Clower.tri(Q]=0
> C

[.1] [.2] [,3]
[1,] 1 4 7
[2,] 0 5 8
[3,] 0 0 9
> backsol ve( A, x, upper.tri =T, transpose=T)
[1] 1.00000000 -0.40000000 -0.08888889
> sol ve(t (O, x)
[1] 1.00000000 -0.40000000 -0.08888889
> backsol ve( A, x, upper.tri =T, transpose=F)
[1] -0.8000000 -0.1333333 0.3333333
> sol ve(C, x)
[1] -0.8000000 -0.1333333 0.3333333
> backsol ve( A, x, upper.tri=F,transpose=T)
[1] 1.111307e-17 2.220446e-17 3.333333e-01
> sol ve(t(B), x)
[1] 1.110223e-17 2.220446e-17 3.333333e-01
> backsol ve( A, x, upper.tri=F,transpose=F)
[1] 1 00
> sol ve(B, x)
[1] 1.000000e+00 -1.540744e-33 -1.850372e-17

X e %f or war dsol ve() 1M &,
upper.tri =T&transpose=T

a,, 0 e 0 b,
a,, ay, 0 -+ 0p,
Ay Gypy eee 0

al,n aZ,n ces ces ann bn

upper.tri =T&transpose=F

ay Gy o Gy 4, bl
0 Ay 0 Gy, Gy, bz
0 . .




upper.tri =F&transpose=T

ay Ay 4y, 4y, bl
0 Ay = 4, 4,, bz
0 . .
0 0 ann bn
upper.tri =F&transpose=F
a,, 0 0 bl
a,, a, 0 - 0]1b,
al,n—l aZ,n—l 0
al,n az,n ann bn
i
> A

[.1] [.2] [,3]
[1,] 1 4 7
[2,] 2 5 8
[3,] 3 6 9
> B
[.1] [.2] [,3]
[1,] 1 0 0
[2,] 2 5 0
[3,] 3 6 9
> C
[.1] [.2] [,3]
[1,] 1 4 7
[2,] 0 5 8
[3,] 0 0 9
> X
[1] 1 2 3
> forwardsol ve( A X, upper.tri =T, transpose=T)
[1] 1.00000000 -0.40000000 -0.08888889
> sol ve(t(Q, x)
[1] 1.00000000 -0.40000000 -0.08888889
> forwardsol ve( A X, upper.tri =T, transpose=F)
[1] -0.8000000 -0.1333333 0.3333333
> sol ve(C, x)
[1] -0.8000000 -0.1333333 0.3333333
> forwardsol ve( A X, upper.tri=F, transpose=T)
[1] 1.111307e-17 2.220446e-17 3.333333e-01
> sol ve(t(B), x)
[1] 1.110223e-17 2.220446e-17 3.333333e-01



> forwardsol ve(A x, upper.tri=F, transpose=F)

[1] 1 00

> sol ve(B, x)

[1] 1.000000e+00 -1.540744e-33 -1.850372e-17
20 row() Scol () E#

FERAE T X AN e BN T BOHE R T R AT B8 S AR, B M A={ay} o

row( ) RRECKS R [0]— AN 5 50 ME A AH R AE SRR R, 00 B 1R S5 AT 2R 9 TG 3R
Ffeh. Bt
> x=matrix(1: 12, 3, 4)
> row Xx)
(.1 [.2] [.3] [.4]
[1,] 1 1 1 1
[2,] 2 2 2 2
[3,] 3 3 3 3
> col (x)
(.1 [.2] [.3] [.4]
[1,] 1 2 3 4
[2,] 1 2 3 4
[3,] 1 2 3 4
XPIAN BREFIRE AT DR TN R 0 R = A, {8
> X
(.1 [.2] [.3] [.4]
[1,] 1 4 7 10
[2,] 2 5 8 11
[3,] 3 6 9 12
> x[row(x)<col (x)]=0
> X
(.1 [.2] [.3] [.4]
[1,] 1 0 0 0
[2,] 2 5 0 0
[3,] 3 6 9 0
> x=matrix(1:12, 3, 4)
> x[row(x)>col (x)]=0
> X
(.1 [.2] [.3] [.4]
[1,] 1 4 7 10
[2,] 0 5 8 11
[3,] 0 0 9 12
21 175N
1ERT,  pfi¥fdet (x) RS 07 Fex iAT I AR, il
> x=matri x(rnorm(16), 4, 4)
> X
[.1] [.2] [, 3] [, 4]
[1,] -21.0736375 0.2809563 -1.5796854 0.51810378

P %col ()



[2,] -1.6229898 -0.4175977 1.2038194 -0.06394986
[3,] -0.3989073 -0.8368334 -0.6374909 -0.23657088
[4,] 1.9413061 0.8338065 -1.5877162 -1.30568465
> det (x)
[1] 5.717667
22 MEHHET
ﬁﬁﬁ%ﬂ&z{QJmm, vaiA):(a”;~¢M“an;~amp~gaU“~gam)

!

!

WHFEB ={b,} . vech(B)=(by,sby by, 00, )
TER T AT LUAR A 53 () 5B ) RS, ot

vec<-function (x)
{
t(t(as.vector(x)))
}
vech<-function (x)
{
t(x[lower.tri(x,diag=T)])
}
> x=matrix(1:12, 3, 4)
> X
(.1 [.2] [,3] [.4]
[1,] 1 4 7 10
[2,] 2 5 8 11
[3,] 3 6 9 12
> vec(Xx)
[, 1]
[1,]
[2,]
[3,]
[4,]
[51]
[6,]
[7,]
[8,1]
[9,]
[10,] 10
[11,] 11
[12,] 12
> vech(x)
(.1 [.2] [,3] [.4] [.5] [.6]
[1,] 1 2 3 5 6 9
23 IR PR O A
FEF )RR A 2 A b, FRATTHS & 22 ] 2 — AN e 2R 5 e 41, RPN f Ml ti var 7
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(r ek %t sl ag() #2405 TXAThfg.

> args(tslag)

function (x, k =1, trim= FALSE)

Horre x—AN s, kFERMEIE, ATRUE— N ARES, tri mg R, Wk
SIS E A A, HEENAG Ftri muy B, UER A58 AN S A NAE, i

> x=1: 20

> tslag(x,1:4,tri meF)

(.1 [.2] [.3] [.4]

[1,] NA NA NA NA
[2,] 1 NA NA NA
[3,] 2 1 NA NA
[4] 3 2 1 NA
[5] 4 3 2 1
[6,] 5 4 3 2
[7,] 6 5 4 3
[8,6] 7 6 5 4
[9,] 8 7 6 5
[10,] 9 8 7 6
[11,] 10 9 8 7
[12,] 11 10 9 8
[13,] 12 11 10 9
[14,] 13 12 11 10
[15,] 14 13 12 11
[16,] 15 14 13 12
[17,] 16 15 14 13
[18,] 17 16 15 14
[19,] 18 17 16 15

[20,] 19 18 17
> tslag(x,1:4,trimeT)
(.1 [.2] [,3] [.4]

=
(o2}

[1,] 4 3 2 1
[2,] 5 4 3 2
[3,] 6 5 4 3
[4] 7 6 5 4
[5,] 8 7 6 5
[6,] 9 8 7 6
[7,] 10 9 8 7
[8,] 11 10 9 8
[9,] 12 11 10 9
[10,] 13 12 11 10
[11,] 14 13 12 11
[12,] 15 14 13 12
[13,] 16 15 14 13
[14,] 17 16 15 14



[15,]
[16,]

18
19

17
18

16
17

15
16



