ooooo
ROIOODOOOODOO
(3) ROOODOOOO

1€c20021024 0000 shimo@is.titech.ac.jp

oooooooooo

ail ... G1p
A= | L,
any - anp
_—
a(D)
A=| - | =la1,...,ay]
ol

a®0000000e;000000
> A <- matrix(1:15,5) # 5x300

> A
[,11 [,2]1 [,3]
[1,] 1 6 11

[2,] 2 7 12

[3,] 3 8 13

[4,1 4 9 14

[5,1 5 10 15

>A[2,] # 0000000000
[11 2 7 12

[4,] 9

[5,] 10

> A[3:4,2:3]
[,11 [,2]

[1,] 8 13
[2,1 9 14

#2x2000000000

>B<- A #A0BOOODO

> B[2,2] <- -1
> B

#(2,2000-1000

[2,] 101 102 103
[3,]1 3 8 13
[4,] 4 9 14
[5,1 5 10 15
> B[,2] <- -1:-5 # 0000000OO
> B
[,11 [,21 [,3]
[1,] 1 -1 11
[2,] 101 -2 103
[3,1 3 -3 13

>A[,2] #0000000000 [,1] [,2] [,3] . 4 -4 14
[1] 6 7 8 910 [1,] 1 6 11 (5.1 5 -5 15
> A[2,,drop=F] # 00000000000 1x3000 [2,] 2 -1 12 s v 13#0000000
1 [,2) [,3] 3 3 & 13 oy
[1,] 2 7 12 4,1 4 9 14 11123
> A[,2,drop=F] # O0DO0D0000D05x1000 [5,] 5 10 15 > as.matrix(v) # 3x1000000
[,1] > B[2,] <- 101:103 # 00000000 [,1]
[1,] 6 > B [1,] 1
[2,] 7 [,11 [,2]1 [,3] [2,1 2
[3,1] 8 [1,] 1 6 11 [3,] 3
gooooooooo oooo [2,] 8 10 12 14
> A1 Yx% A2 -> A3 # 3x400
> A3
, a11 .-+ Gnl A B = C [,11 [,21 [,3] [,4]
A= | i p nxk kxm nxm [1,] 39 49 59 69
alp --- anp [2,] 54 68 82 96
—_— A v o= u [3,] 69 87 105 123
nxk kx1 nx1 > vl < 1:2 # 2000000
vy ! > A1 %% as.matrix(vl) # 3x200 [k 2x100 = 3x100
v=1:i| = TJT.. “d:H_ > Al <- matrix(1:6,3) # 3x200 [,1]
on > Al [1,1 9
> t(A) [,1]1 [,2] [2,1 12
1] .21 [,3] [,4] [,5] ,] 1 4 (3,1 15
[1,] 1 2 3 4 5 (2,1 2 5 >AM Y% vl #00000000000000000000
[2,1 6 7 8 9 10 [3,1] 3 6 [,11
[3,] 11 12 13 14 15 > A2 <- matrix(7:14,2) # 2x400 [1,] 9
> t(as.matrix(v)) > A2 [2,1 12
[,11 [,2] [,3] [,11 [,2]1 [,3] [,4] [3,1 15
[1,] 1 2 3 [1,] 7 9 11 13

> v2 <- 1:3



> as.matrix(v2) %*% A1 # 3x100 x 3x200 (D000

Error in as.matrix(v2) %#*% Al : non-conformable arguments

> t(as.matrix(v2)) %*% A1 # 1x300 x 3x200 = 1x200
[,11 [,2]

[1,] 14 32

>v2 Yx% A1 # 000000000D0000DO0DODO0OO
[,11 [,2]

[1,] 14 32

>v2 Y% v2 # 0000 1x300 * 3x100000000
[,1]

1,1 14

>v2xv2 # 0000000

[1] 149

> sum(v2 * v2) # sun()O0 0000000000

[1] 14

>1:8 % 1:2 # 0000000000CO0OOOCOOOOOOO

[1] 1 4 3 8 512 7 16

> rep(1:2,4) # 1:20000000

[11]12121212

> 1:8 * rep(1:2,4) # = 1:8 * 1:2

[11 1 4 3 8 512 7 16

>A2x vl # 0000000000 O0vi00000000D00O00O00O0
[,11 [,2] [,3] [,4]

[1,] 7 9 11 13

[2,] 16 20 24 28

gboobobobbaob

n=|- n

> rep(1,6) # 000000 10s000000
[1] 11111
> as.matrix(rep(1,5)) # 5x100

[,11
[1,] 1
[2,] 1
[3,] 1
[4,1 1
[5,1 1

> diag(5) # 5x60 000
[,11 [,21 [,31 [,4] [,8]

gooooooog

> diag(1:5) # 1:50 0000000 6x500
[,11 [,2] [,31 [,4] [,8]

[1,] 1 0 0 0 0
[2,] 0 2 0 0 0
[3,1] 0 0 3 0 0
[4,] 0 0 0 4 0
[5,1] 0 0 0 0 5

> diag(matrix(1:25,5)) # 000000000
[1] 1 7 13 19 25

oooooo

[1,] 1 0 o0 o0 o
[2,] 0 1 0 0 0
[3,] o o 1 o0 o0
[4,] o o o 1 o0
[5,] o o o o 1
ooooooo ogoooooo ogpooobooaoo
ai b1 ay ai b1
a=|:|, b=|: a=|: a=|:|, b=]|:
an bn, an, an, bn,
b b= % n -3 1
a,b) =a'b= 1
fa.t) Z o lall = {a:a) = Va'a = ( 3" aia;
i=1

> naiseki <- function(a,b) sum(a*b)
> a <- 1:5

> b <- ¢(1,2,1,2,1)

> naiseki(a,b)

[1] 21

> naiseki <- function(a,b=a) sum(axb)
> naiseki(a,b)

[1] 21

> sqrt(naiseki(a,a))

[1] 7.416198

> sqrt(naiseki(a))

[1] 7.416198

d(ab) = fla— b = 3 (@ ~0)2)

> sqrt(naiseki(a-b))
[1] 4.898979

> (a-b)"2

[11] 0 0 4 4 16
> sqrt (sum((a-b)"2))
[1] 4.898979



goobogad

gpooooboo

> unitvec(a)

Q [1] 0.1348400 0.2696799 0.4045199 0.5393599 0.6741999
_ Q.H > unitvec(b)
a=| [1] 0.3015113 0.6030227 0.3015113 0.6030227 0.3015113
an > naiseki(unitvec(a),unitvec(b))
a 2] U [1] 0.8537714
u = Q J > acos(naiseki(unitvec(a),unitvec(b))) # 0000
[1] 0.5476098
> unitvec <- function(a) a/sqrt(sum(a*a)) > acos(naiseki(unitvec(a),unitvec(b))) * 180/pi # O
. [1] 31.37573
> unitvec(a) al by
[1] 0.1348400 0.2696799 0.4045199 0.5393599 0.6741999 a=|i1|, b=l
> naiseki(unitvec(a)) an bn
[1]1 1
_ D\@ _ M«“H Ds.mu&
lallloll  VxI_y a?/s7, 62
12 13
Dobubooooodod 000000DO0000O00000
- __1 __ 147 2
oo 9|MMUQ~.|MH3@
2 __ 1 -2 _ 1 = 2
od sy |MMU?:.\®V |ﬂ_g\af~: i
1 - 7 1 = 7 H
000 sg=23(a;—a)(b; —b) = 1(a —aln) (b—bly) E
s a—aly) (b—01 T T T T T
00 oy = Sab = (@7 31n)'(b=bly)
sasy  |la — alnll]|b — bly||
goooood ea<«<—a—al, 0000 U1 71
I
= 2 1 2 1/ a’b u=\|t|, xT=|1
a=0, s;=~:a Sap = a'b, Ty =-——
a 3__ : ’ ab n ab __E _9: un Tn
O00o00o0ooD t00b000b00tuwd 20000000O0ODO0O
c.f. 00000000000 OODRO0000O0R—10000 ltw — z|? = ||(tu — ve'z) + (vu'z — @) |
=({t—-uz)2+ 2T, —uwu)z
14 15 16
J0000t=v20000xz0w00000 > naiseki(u,unitvec(x)) # cos(theta) gfjgogopooooooogd
tu = ('z)u = wu'z = Pz [1] o.mmmw.\i. . .
> acos(naiseki(u,unitvec(x))) * 180/pi # OO a1 1
000 P=w/00000000cosd =v'z/||z|00000 [1] 31.37573 a=l1 z= |1
> P <- as.matrix(u) %*% t(as.matrix(u)) # 0000 S )
t= :H: cosf 5 p an, Tn
> u <- unitvec(1:5) # 000000 [,1] [,2] [,31 [,4] [,5] 0000000 po00000000 el 2000000 0O0ODOOOO
> x <= ¢(1,2,1,2,1) #0000 [1,] 0.01818182 0.03636364 0.05454545 0.07272727 0.0909091 _a
> naiseki(u,x) # 000t [2,] 0.03636364 0.07272727 0.10909091 0.14545455 0.1818182 u |.__9:
[1] 2.831639 [3,] 0.05454545 0.10909091 0.16363636 0.21818182 0.2727273 ,
> sum(usx) # 000000 [4,] 0.07272727 0.14545455 0.21818182 0.29090909 0.3636364 bbbl wez000000000
[1] 2.831639 [5,] 0.09090909 0.18181818 0.27272727 0.36363636 0.4545455 aa’ a'x
> tt <- seq(0,5,0.1) # 0..5 >PYs, x #MO000 a2 T = el a = fa

> psinit("20020922-1.eps")

> plot(tt,sapply(tt,function(t) sqrt(sum((x-t*u)"2))),type="1")
> abline(v=naiseki(u,x)) # 000000t

> dev.off()

> wksum(u*x) # x0OwOO0O0O00O0O

[1] 0.3818182 0.7636364 1.1454545 1.5272727 1.9090909

[,1]
[1,] 0.3818182
[2,] 0.7636364
[3,] 1.1454545
[4,] 1.5272727
[5,1 1.9090909

>a<- 1:5# 0000
> x <-¢(1,2,1,2,1) #0000

> shaeil <- function(a,x) sum(a*x)/sum(a*a)
> shaeil(a,x)

[1] 0.3818182

> shaeil(a,x) * a

[1] 0.3818182 0.7636364 1.1454545 1.5272727 1.9090909 .



> ul <- unitvec(c(1,1,1,1))
0o0oooobooooobobooobobboooooon 5 , , > u2 <- unitvec(c(l,1,-1,-1))
__QN - e__ ”__Q”_.‘:\H - ‘:\“_.\E”_.Hv +-+ QE\E@ - ﬁ%ﬁﬁ&v > u3 <- unitvec(c(1,-1,1,-1))
wiy u1p 1 + AﬁHﬁmne =+ ... +§N\:\ﬁ8 _ MGv__w w M <- cbind(uil,u2,u3)
uy = ﬁm“_. yees o Up = Qm ’ = H ”Awu|§m8vm+:.+mw§|§v8vm ul  u2 u3
n np n , / [1,]1 0.5 0.5 0.5
T2 -UU )z [2,]1 0.5 0.5 -0.5
s = 5 — 1 +=,7000 00000t =wje,... ,tp=uw00000000¢t="U'z0000 [3,] 0.5 -0.5 0.5
YUMo i# 5000 OoUDOO0O00D 20000 [4,] 0.5 -0.5 -0.5
, >t(U) %4 U #0000
Ut=UU'x = Px
U=[uy,...,u, vuv =1,
000 P=UU'D00000Q=1,-PO0000000OOOOO0O ul u2 u3
000000000 t=[ty,...,t)/00000000 ul 1 0 0
z = Pz + Qx w2 0 1 0
Ut =tju; + - + tpup
0000000 (Pz)(Qr)=000000000 us 0 01
ODOx000000000D0O00DO >P<-U Y t(U) # 0000
P'Q=UUYI,-UU)=UU -UU'UU =UU' -UU' =0 > P
18
[,11 [,21 [,31 [,4] [4,]1 2.25 [,11
[1,] 0.75 0.25 0.25 -0.25 >Q < diag(4) - P # 00000000000 [1,] -0.25
[2,] 0.26 0.75 -0.25 0.25 >Q [2,] 0.25
[3,] 0.256 -0.25 0.75 0.25 [3,] 0.25
[4,] -0.26 0.25 0.25 0.75 [,11 [,21 [,3] [,4] [4,1 -0.25
> x <-c¢(1,2,2,2) #0000 [1,] 0.25 -0.25 -0.25 0.25 > naiseki(px,qx) # px0 qxO0OD0
>t(U) %% x # t000 [2,] -0.25 0.25 0.25 -0.25 [11 o
[3,] -0.25 0.25 0.25 -0.25 >t(P) %% Q # POQUOODODOOO0OOO
[,1] [4,] 0.25 -0.25 -0.25 0.25
ul 3.5 >qx <- QYx% x # 000000000 [,11 [,2] [,3]1 [,4]
u2 -0.5 > gx [1,] 0 0 0 0
u3 -0.5 [2,] o 0o 0 0
>px <~ Pk x #00 [,1] 3J o0 0 0 0
> px [1,] -0.25 [4,1 0 0 0 0
[2,] 0.25
[,1] [3,1] 0.25
[1,] 1.25 [4,] -0.25
[2,] 1.75 >x-px #000000
[3,] 1.75
> ul <- unitvec(c(1,1,1,1))
oooo 3 > u2 <- unitvec(c(1,1,-1,-1))
.ﬁw: ... > u3 <~ unitvec(c(1,-1,1,-1))
w" Sra, x\ > ud <- unitvec(c(1,-1,-1,1))
Uil Uln z1 . =, > U <- cbind(ul,u2,u3,ud)
U =| i |[,...,up =1, 1% |, xT=]|1 " s U
Un1 Unn, Tn [ ul u2 u3 ué
H [1,] 0.5 0.5 0.5 0.5
U=[uy,...,uy], UU=UU =1I, N [2,] 0.5 0.5 -0.5 -0.5
[3,] 0.5 -0.5 0.5 -0.5
r=Ut =tijuy + -+ thun ﬂ..n [4,] 0.5 -0.5 -0.5 0.5
) , 2 > t(U) W% U
t=Uz, t=wx - Pa =
, , :- \\ ul u2 u3 u4
~§|:H:H+...+::::\ \ \ -ﬁ-:n\llrllllllillps ut 1 0 0 0
= A‘;H:\HIT...l_lﬁE:Ev + AﬁﬁnTHﬁEITHIT.:lT:BE.ﬁv I‘I “M M M M M
=P+Q w0 0 0 1

> U %% t(U)




[,11 [,21 [,3] [,4]
[1,] 1 0 0 0
[2,] 0 1 0 0
[3,] 0 0 1 0
[4,1 0 0 0 1
x <- ¢(1,2,2,2) # 0000
t(U) %*% x

v Vv

[3,1 2

[4,] 2
> U[,1:3]

ul u2 ud

[1,] 0.5 0.5 0.5
[2,] 0.5 0.5 -0.5
[3,] 0.5 -0.5 0.5
[4,] 0.5 -0.5 -0.5
> U[,4,drop=F]

[2,] 0.25 0.75 -0.25 0.25

[3,] 0.25 -0.25 0.75 0.25

[4,] -0.25 0.25 0.25 0.75
> Q <- U[,4,drop=F] %*% t(U[,4,drop=F])
> Q

[,11 [,21 [,3] [,4]
[1,] 0.25 -0.25 -0.25 0.25
[2,] -0.25 0.25 0.25 -0.25

(1] ud [3,] -0.256 0.25 0.25 -0.25
ul 3.5 (1,1 0.5 [4,] 0.25 -0.25 -0.25 0.25
u2 -0.5 [2,] -0.5 >P+Q
u3 -0.5 [3,1 -0.5
u4 -0.5 4,1 0.5 (.11 [,2] [,3] [,4]
> U %l (£ (U %*Y% x) > P <= U[,1:3] %*)% t(UL,1:3]) 1,3 1 0 0 0
> P 2,1 o 1 0 0
L1 30 o o 1 0
1 o1 L1 L2 L3 L4 w1 o o o 1
2,1 2 [1,1 0.75 0.25 0.25 -0.25
JoodoOooooooooooooo mm.w t 3
4,1 1 4
> B <- solve(t(A) %x% A) %*% t(A) # solve() OO OO
aiy ap T B1 >B
a; = | i ap= |1 |, =|:|, PB=|:

A=lay,...,ay), P=A(A'A)"1A, PA=A

|AB — z||> = ||(AB — Px) + (Pz — 2)|?
|AB - Pz|? + || Pz — |2

[,11 [,2] [,3] [,4]
al 1.0 0.5 3.885781e-16 -0.5
a2 -0.3 -0.1 1.000000e-01 0.3
x <- ¢(1,2,2,2) # 0000
B %*) x # beta

v Vv

[,11
_ 1 > > al <- c(1,1,1,1) 1 1.0
- __bﬁm| Axﬁ\bv ~D\.\.Nuv__ I_IHG\AN‘; |va8 > a2 <- Omhvw.w.»v Mm 0.3
0oooooooo > A <- cbind(at,a2) > A %% (B % x) # 00
AT AN=1 A7 _ > A
B=(AA) 1Az, AB=Pz a1 a0 -t
P2=p0o0o0P{,-P)=000000000 (Pz) (x—Pz)=0 (1,1 11 (1,1 1.3
2,1 1 2 [2,] 1.6
20
[3,1 1.9 [,1] [4,] -2.553432e-16 2.219904e-17 3.663790e-16 7.105454e-16
[4,1 2.2 [1,1 1.3 > round(t(P) %*% Q,6)
>P<- A%, B #0000 [2,] 1.6
>P 3,1 1.9 [,11 [,2] [,3] [,4
[4,] 2.2 [1,] 0 0 0

[,11 [,2] [,3]1 [,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
>P Y% A #=A000

al a2
1,1 1 1
2,1 1 2
3,17 1 3
(4,1 1 4

>P Yxhx # [0

> P x4 P

[,11 [,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
> Q <- diag(4) - P
> t(P) %% Q

[,1] [,2] [,3] [,4]
[1,] 1.409988e-15 5.662026e-16 -2.053953e-16 -9.769949e-16
[2,] 8.437651e-16 3.996818e-16 -1.109613e-17 -4.218868e-16
[3,] 2.942050e-16 2.109485e-16 1.776465e-16 1.443276e-16

[2,] 0 0 0
[3,1 0 0 0
[4,1 0 0 0
t(P %% x) %xh (x - P %

o © © ©

v

[,1]
[1,] 8.704138e-15
shaei2 <- function(A,x) solve(t(A) %x% A) %x*% t(A) %*% x
shaei2(A,x)

v Vv

[,1]

al 1.0

a2 0.3
> A %% shaei2(A,x)



[,1]
1,1 1.3
[2,] 1.6
[3,1 1.9
[4,1 2.2

> a <- as.matrix(1:5) # 0000
> x <- c(1,2,1,2,1) #0000
> shaei2(a,x) # 000000 shaeil(a,x) 0000
[,11
[1,]1 0.3818182
> a %*) shaei2(a,x)
[,11
[1,] 0.3818182
[2,] 0.7636364
[3,] 1.1454545
[4,]1 1.5272727
[5,] 1.9090909

oooood

21

goooo

U= [ug,...,up], V= [vg,...,v)]
nxXp pPXDp

vv=vv=rI

A= &Hﬁudm + . 4+ &Eﬁew

dy > 2dp>0

22

000dyg,...,dpy000000O00O0O0DOOODO

dq 0
D= , A=UDV'
0 dp
goooooo0OdooOoOOoOO0OO0-000AD0D0D0OO0OOODOODODO
&HW...W@?V&?TH”...”&@”O

A= &Hﬁpdm + .-+ &ﬂ:sev

= [uq,... ,u,/]diag(dy, ... ,dr)[v1, ..., vr)

> A <- matrix(1:15,5) # 5x300
> A

(5,1 5 10 15

> s <-svd(d) # 00000

> s

$d

[1] 35.127223 2.465397 0.000000

$u

[,1] [,2] [,3]
[1,] -0.3545571 -0.68868664 0.3656475
[2,] -0.3986964 -0.37555453 -0.3101123
[3,]1 -0.4428357 -0.06242242 0.0736526
[4,]1 -0.4869750 0.25070970 -0.6795585
[6,]1 -0.5311143 0.56384181 0.5503706

> round(t(s$u) %*% s$u,10) # U’U = I
[,11 [,2]1 [,3]

[1,] 1 0 0

[2,] 0 1 0

[3,] 0 0 1

> round(t(s$v) %*% s$v,10) # V’V =1
[,11 [,2]1 [,3]

[1,1 1 0 0

[2,] 0 1 0

[3,]1 0 0 1

> s$u %x% diag(s$d)
[,11 [,2] [,3]

[1,] 1 6 11

% t(s$v) # A=UD VWV

[,11 [,2] [,3] $v [2,] 2 712

[1,] 16 11 [,1] [,2] [,3] [3,] 3 8 13

[2,] 2 7 12 [1,] -0.2016649 0.8903171 0.4082483 [4,] 4 9 14

[3,] 3 8 13 [2,] -0.5168305 0.2573316 -0.8164966 [5,1] 5 10 15

[4,1 4 9 14 [3,] -0.8319961 -0.3756539 0.4082483 > s$ul,1:2] %*% diag(s$d[1:2]) %*% t(s$v[,1:2]) # r=200000000
[,11 [,2] [,3] ogooooon > e <- eigen(G,syn=T) # 000000000000 00O0

[1,] 16 11 > e

[2,] 2 7 12 $values

3 3 & 13 G =UDU' [1] 3.890266 1.946350 -2.498974 -3.182528

[4,1 4 9 14 — &H:H:\H + .+ QS.Q\S.Q\MN

[5,] 5 10 15 $vectors

O00OnxnO000GOLOOOOOUOOOOOODOOOOOO

QQ&. = &s.ﬁs.

000 ug,...,u,0 GOOOO0O00O00d,...,d,00000

> A <- matrix(rnorm(16),4) # JUOOOOOOOOOO
>G<- A+ t(A) #0000
> G

[,1] [,2] [,3] [,4]
[1,] 1.0199805 -1.6726827 1.7611183 -0.8899458
[2,] -1.6726827 2.7472534 0.8150037 -1.5039038
[3,] 1.7611183 0.8150037 -1.4539209 -0.5922849
[4,] -0.8899458 -1.5039038 -0.5922849 -2.1581990

23

[,11 [,2] [,3] [,4]
[1,] 0.464939132 0.7167020 0.23912371 0.4615081
[2,] -0.872833764 0.3248162 0.02187801 0.3635615
[3,] 0.003675264 0.5096684 -0.76134993 -0.4007130
[4,] 0.148254229 -0.3479523 -0.60223541 0.7030380

> t(e$vec) %*% e$vec # 0D OO

[,1] [,2] [,3] [,4]
[1,] 1.000000e+00 2.822822e-16 -1.313172e-16 1.542074e-16
[2,] 2.822822e-16 1.000000e+00 -1.367450e-16 2.432679e-17
[3,] -1.313172e-16 -1.367450e-16 1.000000e+00 -7.887571e-18
[4,] 1.542074e-16 2.432679e-17 -7.887571e-18 1.000000e+00
> e$vec %*} diag(e$val) %*% t(e$vec) # DO OO DOOO



[,11 [,21 [,3]

[1,] 1.0199805 -1.6726827 1.7611183 -0.
[2,] -1.6726827 2.7472534 0.8150037 -1.
[3,] 1.7611183 0.8150037 -1.4539209 -0.
[4,] -0.8899458 -1.5039038 -0.5922849 -2.

[,4]
8899458
5039038
5922849
1581990

> naiseki(e$vec %xJ diag(e$val) %x% t(e$vec) - G) # GO OOD

[1] 9.01027e-30

>s <-svd(G) # 000000000 MOODDOOOOOOOODOOO

> s
$d
[1] 3.890266 3.182528 2.498974 1.946350

$u

[,1] [,2] [,3]
[1,] 0.464939132 -0.4615081 -0.23912371
[2,] -0.872833764 -0.3635615 -0.02187801
[3,] 0.003675264 0.4007130 0.76134993

[,4]
0.7167020
0.3248162
0.5096684

[4,] 0.148254229 -0.7030380 0.60223541 -0.3479523

$v

[,1] [,2] [,3] [,4]
[1,] 0.464939132 0.4615081 0.23912371 0.7167020
[2,] -0.872833764 0.3635615 0.02187801 0.3248162
[3,] 0.003675264 -0.4007130 -0.76134993 0.5096684
[4,] 0.148254229 0.7030380 -0.60223541 -0.3479523

> naiseki(s$ul,1] - s$v[,1]) # ul = vi
[1] 6.480773e-32
> naiseki(s$ul,2] + s$v[,2]) # u2 = -v2
[1] 6.594384e-31
> naiseki(s$ul,3] + s$v[,3]) # u3 = -v3
[1] 4.632945e-31
> naiseki(s$ul,4] - s$v[,4]) # ud = v4
[1] 6.779273e-31
>e$vec # DO OOODOU,VvODODOO
[,1] [,2] [,31 [,41
[1,] 0.464939132 0.7167020 0.23912371 0.4615081
[2,] -0.872833764 0.3248162 0.02187801 0.3635615

[3,] 0.003675264 0.5096684 -0.76134993 -0.4007130
[4,] 0.148254229 -0.3479523 -0.60223541 0.7030380
> naiseki(s$ul,1] - e$vec[,1]) # ul = vecl

[1] 5.502171e-31

> naiseki(s$ul,2] + e$vec[,4]) # u2 = -vecd

[1] 2.249486e-31

> naiseki(s$ul,3] + e$vec[,3]) # u3 = -vec3

[1] 2.690524e-31

> naiseki(s$ul,4] - e$vec[,2]) # ud = vec2

[1] 5.793197e-31

ooooOQ
J000GOO0000000000000GEOOoO0000
G = BB’
JoooooovooooBvOOOoooOo
G = (BV)(BV)
JoooGooooooog
G =UDU’

= &HQHQ\H +---+ &:@:Q,\;

oo BOOO
G2 = Udiag(\/dy,... ,Vdn)U’
= Jdyusuy + -+ Vdgunuy,
ooooo
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> A <- matrix(1:8,4)

> A

[,11 [,2]
[1,] 1 5
[2,] 2 6
[3,] 37
[4,] 4 8

> G <= t(A) %
> G

A # 00000

[,11 [,2]
[1,] 30 70
[2,] 70 174
> e <- eigen(G)
> e
$values
[1] 202.419122 1.580878

$vectors

[,1] [,2]

[1,] 0.3761682 0.9265514
[2,] 0.9265514 -0.3761682

> B <~ e$vec %), diag(sqrt(e$val)) %*% t(e$vec) # 00O
> B
[,1] [,2]

[1,]1 3.092629 4.52058
[2,] 4.520580 12.39211
>B %% t(B) # 00000

[,11 [,2]
[1,1 30 70
[2,] 70 174

QRODO
A = Q R
nXxXp nXp pxXp
QQ=1,, ROOOOOD

> A <- matrix(1:8,4)

> A

[,11 [,2]
[1,] 1 5
2,] 2 6
[3,1 3 7
[4,] 4 8
> q <= qr(A)
> Q <- qr.Q(q)
> Q

[,1] [,2]
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[1,] -0.1825742 -8.164966e-01
[2,] -0.3651484 -4.082483e-01
[3,] -0.5477226 -6.163689e-17
[4,] -0.7302967 4.082483e-01
> t(Q) %*% Q
[,11 [,21

[1,1] 1.000000e-00 -6.776264e-18
[2,] -6.776264e-18 1.000000e-00
> R <- qr.R(q)
>R

[,11 [,2]
[1,] -5.477226 -12.780193
[2,] 0.000000 -3.265986
> Q %*% R

[,11 [,2]
[1,1 1 5
2,1 2 6
[3,1 3 7
[4,1 4 8

o000 QROO

b”??..i@&q QHFH,..QQQ
gooooooooooo
i—1

K3
bj=a; - .Mw q;d5ai, q;=
=

i
a;= 3} qjrji, A=QR
=1

/ /!
9% = qpa; —

i—1
.MHS?_X&,EV =0,k<i
=

QQ=1I,4,
OO00o0o0o00o0o0ooboOo0obboooooon
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ogoooooo goooad
G=RR N
AATA=A
GOonxnOOOOODOOOODDOODODODODROOOOOOO
> G <= t(A) Y% A DDDDDD”DDDDDDDDDDD._W_DDDD.TDDDDDDDDDD
_ / _ /
T e 000Oooooo A=UDV', AT=VDTU
[,11 [,2]
[1,] 30 70 d1>--2>dr>dpy1=---=dp=0
[2,] 70 174
> R <- chol(G) D = diag(dy,...,dr,0,...,0)
>R .
(1] 2] Dt =diag(1/dq,...,1/d;,0,...,0)
[1,] 5.477226 12.780193 n n ]
[2,] 0.000000 3.265986 DD™ = D7D =diag(1,...,1,0,...,0)
> t(R) %% R
L 02 AAT =UDDTU = wyu + -+ u;
[1,1 30 70
2,1 70 174 . i, ATA=VD DV =vv) + - + v} v
> A <- matrix(1:15,5) # 5x300 + s <- svd(A) [3,] 0.2 0.2 0.2 0.2 0.2
> s <-svd(A) # 00000 +  s$v %% diag(ginvd(s$d)) %% t(s$u) [4,] 0.0 0.1 0.2 0.3 0.4
> s$d # (D00 +} [5,] -0.2 0.0 0.2 0.4 0.6
[1] 35.127223 2.465397 0.000000 > ginva(A) > round(B %% A,10) # A’00000000000
> ginvd <- function(d,tol=1le-7) { # D+0 00000 [,1] [,2] [,3] [,4] [,5] [,1] [,2] [,3]
+ a <- d>tol [1,]1 -0.24666667 -0.13333333 -2.000000e-02 0.09333333 0.20666667 [1,] 0.8333333 0.3333333 -0.1666667
+ dl[a] <- 1/d[al [2,] -0.06666667 -0.03333333 -1.013136e-17 0.03333333 0.06666667 [2,] 0.3333333 0.3333333 0.3333333
+ d[ta]l <-0 [3,1 0.11333333 0.06666667 2.000000e-02 -0.02666667 -0.07333333 [3,] -0.1666667 0.3333333 0.8333333
+ d > AU, B Y% A # ADDDD
+ 3 [,11 [,2]1 [,3]
> ginvd(s$d) [1,] 1 6 11
[1] 0.02846795 0.40561424 0.00000000 [2,] 2 7 12
> B <- s$v %*% diag(ginvd(s$d)) %x% t(s$uw) # ADDDOOOO [3,1 3 8 13
>B 4,1 4 9 14
[,1] [,21 [,3] [,4] [,5] [5,]1 5 10 15
[1,] -0.24666667 -0.13333333 -2.000000e-02 0.09333333 0.20666667 > round(A %% B,10) # ADOOOOOOOOOO
[2,] -0.06666667 -0.03333333 -1.013136e-17 0.03333333 0.06666667 [,1] [,21 [,3] [,4] [,5]
[3,] 0.11333333 0.06666667 2.000000e-02 -0.02666667 -0.07333333 [1,] 0.6 0.4 0.2 0.0 -0.2
> ginva <- function(A) { [2,] 0.4 0.3 0.2 0.1 0.0
gooodbor=p0ddgn 2,1 1 2 [,11 [,2] [,3] [,4]
3,1 1 3 [1,] 0.7 0.4 0.1 -0.2
4,1 1 4 [2,] 0.4 0.3 0.2 0.1
(A’A)"1A' = (vD?*Vv)"lv DU’ > round(solve(t(A) %% A) %*% t(A),10) [3,] 0.1 0.2 0.3 0.4
5 , 1y [4,]1 -0.2 0.1 0.4 0.7
=VD"DU =VD U L1 2] [,3) [,4)
— At al 1.0 0.5 0.0 -0.5
a2 -0.3 -0.1 0.1 0.3
— (ginva(A),10)
AAT = AA'A)TIA, AtA=1 7 round
(A4'4) ' P [,1] [,2] [,3] [,4]
o+ _ + [1,] 1.0 0.5 0.0 -0.5
B=ATz, P=AA [2,] -0.3 -0.1 0.1 0.3
> round(ginva(A) %x% A,10)
> al <- c(1,1,1,1)
> a2 <- ¢(1,2,3,4) at a2
> A <- cbind(al,a2) 1,1 1 0
> A 2,1 o 1
al a2 > round(A %x% ginva(A),10)
(1,1 1 1




goo oo

1. DDDDD>+DDDDDDDmmHMH<DDDDDDDDDDDDDD
000 +tl(00000D01077)00000000000000

geninv <- function(A,tol=1e-7) {
000aA0D0O0OOO0O0OO
}

2. 000000000000000000O00O000O000D000000
AATA-—A=000000000000

Al <- matrix(1:15,5)

A2 <- matrix(rnorm(15),5)

3. 000000000000 ATADDOODOOOOOOOODOOOOOn
goooooood




