SRR T ALY B4Rk

#R A

wRRFHFAF R
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A K e A

A= (aj) € R™" b= (b)) € R". AJE# 5. FEKMAx = b.

a1 arx - am| | by
a aym - aw| [X2| _ |P2
dnl dn2 " dnnl | x, bp
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A KB A

A= (aj) € R™" b= (b)) € R". AJE# 5. FEKMAx = b.

Cramerik W) : B 2" —fx = (x1, X2, ,Xn) |

a1 ar - ay-1 b Ay o ain

oo L a A Aoy beoayipyy o a
" detA |- -- 55
ani am v ap(i-1) b ap(iy1) v amn

detA — |A| — Z (_1)T(jlj2~.-jn)aljla2j2 oo anjn'
Jij2+jn y
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A KB A

A= (aj) € R™" b= (b)) € R". AJE# 5. FEKMAx = b.

Cramerik W) : B 2" —fx = (x1, X2, ,Xn) |

a1 ar - ay-1 b Ay o ain

oo L a A Aoy beoayipyy o a
"7 det A 55
ani am v ap(i-1) b ap(iy1) v amn

detA — |A| — Z (_1)T(jlj2~.-jn)aljla2j2 P anjn'
Jij2+jn y

(n+1)*n=x*n!
n = 208+ #1021 = 10000 % 1017.
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WAARF 389 = —F% Z (residual)

e — At x, AR AN
r=r(x)=b— Ax.

At =
[rCOll il

@I 116l
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Action of Matrices
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56 [ 64 & =

e 7 %% 7: matlabi& ik A=zeros(n,n)

411 412 -+ din

dp1 a2 - azn
A=(aj) =

dnl dn2 *°° ann

o (LE)MH#HLAT: A= A(n,nz,row, col,val)
o n:
o nz: IEETAHK

o row: IFRTATIAT— 444

o col: FFRTIIGIF— 444

o val: IEETAE—4E4

o e &MiT
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FE @) 2 Rk

e 7% &7 : matlabi&iky=A*x

y=zeros(size(x));

n=length(x) ;

for i=1:n
for j=1:n

y(D)=y@)+A, ) *x(3);

end

end

o #W#HkT: A= A(n,nz,row,col,val)
y=zeros (size(x));
for m=1:nz
y (row(m) )=y (row(m))+val (m)*x(col(m));
end
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A tEMIE B4R E

Bt R e
axc+bxc=(a+b)xc

TRARFE 5 1) & e ik
o BRI A= (a;), A= uwl, aj = upv;:

y=Ax=(uh)x = X)U_U’:—ZaUXJ ZUIVJXJ—(ZVJXJ

o LN MR 5k Aki1E L— N AT
A=UZV* =Y NUV;

HHFUFVAB S
U=[Us Uy U, V=[Vi Vo ---V,],
Z:diag(al7"'7on)7 UlZ"'ZUnZO-
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4B %= &9 Hierarchical & =

FEIR IR W AR, A2AE3 A LR AR BP

A1r A
A=
[A21 Azz}

4EA12%WA21 V\] Eﬁ?;ﬁﬁ.

Ax — |:A11 AIZ] [X1] _ [A11X1 +A12X2}
Axi Ax| [x Azix1 + Aaxo

Hop A11X17F\7A22X21‘§51 JEL (B3

C. Zheng (MATH) 25 Pk AR 3 A2




Discrete Fourier Transform (DFT )47k 4E %
F = (ay), aj=w M, w=exp(2mi/n), k,j=0,1,--- ,n—1.

1 1 1 1
1 wIx1 wIx2 w~1><(n71)
F = 1 w2x1 w2x2 . w_2><("_1)
1 w—(n—l)xl w—(n—1)><2 — w—(n—l)x(n—l)
JEEFF R ARG LE! tbde Y n = 8HT,
[0 0 0000 0 O]
07 6 54 3 21
0 6 4 206 4 2
0527 416 3
F=wNlo 4040404
0 3 61 47 25
0 2 46 02 46
0123 456 7
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Beif Fourier R 4 (FFT)a9 A A H—n =8

oL = —(J2j1jo) (k2 k1 ko)
Wijrio) = Z X(kokiko)W
ko,ki1,k2
—Jjo(ko ki ko)—Jj1(kikoO)—j2(koOO
— Z X(kokt ko) Jjo(kak1ko)—j1(k1ko0)—j2(ko00)
ko,ki1,k2
—Jo (ko ki k —j1(k1koO —j2(ko00
_ Z Z ZX(kalkO)w Jo(kakiko) |, —ji(kikoO) | ,—J2(ko00)
ko ky ko
. ¢ —jo(kakiko)
X(jokiko) Zx(kzhko)w
k2
N p . —j1 (k1 koO)
X(jojrko) Z X(jok1 ko)W
ki
NN ! —J2(ko00)
X(jojiiz) Z X(jojr ko)W
ko

Ln =28}, HHE0O(nJ) = O(nlogy n) = O(nin n).
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1# DFT
HAEWIE:
F~1= (bkj), bkj = n~lwhl.

& &
Fl=nlF=n1tF"
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FFT—3E28%9 5k %

n—1 . n—1 _Poigok?
yj = Zka‘f = Zka 2 , J €10,n).
k=0 k=0
2 X .
k
vk =wz, k€ (—n,n), zx = xkvk_l, k € [0, n),
|

n—1
Y=Vt zvjk j €[0,n).
k=0

E2n—1< N =27, V0357 x Arv AL Bk, BAN. 1)

N-1

Yi=vi') zvik j€[0,n).
k=0
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JB 3R AR Y sk it S

T
N-1
aj = ZVik, j €[0,N).
k=0
) 50 M DFT:
N-1 N—-1N-1
—jm _
ajwy’” = Zp Vi KWy
N-1 N-1
—(i=k
1 kaNkm Z VJkaN(J ym
k=0 =0
N—-1 N—-1
S it S

x
i
o

.
Il
o

it BRDFT, —R® 2948, —KREDFT.
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J&l #AToeplitz % 4%

Theorem
anT%EF$A = (akj)%i%/iakj = Ck—j, %ﬂ{ck}zﬁé-‘/l\}ﬂﬁ}]i]néﬁﬁi'], ﬂ']
#RI%SE % R B 20 Toeplitz4E 5. J& #A Toeplitz4E %18 i& DF TARAL T 3+ /A 4B
. Bp

A= FAF,
HE#A = diag(No, -+, A1), FH

n—1
Ak = E w_kmCm.
m=0

Proof.

LA = FAF~! = (\4j). M (Einstein summation convention)

| A\

Aij = n_lw_k’"cm_pwpf = n_lw_k(m_p)cm_pw”(l_k) = nlwkme, wPU—K)

Ll
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Toeplitz % #

nl%‘%E%A = (akj)%nﬁjiakj = Ck—j» ;L‘:P{Ck}ke( n,n) AZTFEU?’?‘ 91'
#RIZ4E % A Toeplitz4E [

w11

F¥n Toeplitz4E A e iRAE & —A2nr 8 # Toeplitz4E 4 A

z\:[j }
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Gauss Elimination
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TUAF 5y T Ky i oL

[ Aﬁﬁ'ﬁ]lﬁ. Xj = b,-/a,-,-.ifﬁri‘O(n).
o AAL=A%E

din
azn
a3n

ann

)rl'JXn = b,,/a,,,,, Xj = (b,‘ = ZF:H-I a,-J-bJ-)/a,-,-, i=n— 1, 22 ,1. 7"'7%?-

Z0(n?).

o ANIERE. Mx=ATb HHEO(n?). HHFIT, WDFT L

%, A0(nlnn).

C. Zheng (MATH)
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¥ Ax = bt RGP LA A — AN BZFME9 D T KM FEAK = b.
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3% T 4B %
Ku,v € R", 0 € R AR

E(u,v;0) CF)— ouv”

R F LR
Lo T 1 T
Ku = (ur, U, ,up)’, v=(va, v, -, vy) ', W
up uivy uive -+ U1Vp
u us Vv [Vo2'% usv,
T — 2 (v v v vy = 2V1 UpV2 2Vn
Up Upvi UpV2 -+ UpVp

C. Zheng (MATH) 25k K3 A2



W5 L B HE

Ku,v € R", 0 € R AR

E(u,v;0) CF)— ouv”
AR T
Bu = (ug, o, un), v=(vi,vo, - ,v,) 7, W
u Ulvi Uiva - U1V
uv’ = U2 (i vo vy )= U2‘./1 upvp -+ U2Vp
Un UpVi UpVa -+ UpVp
E(u,v;0)E(u,v;7) = (I—ouv’)(I—7uv’)
= l- (0‘ e O‘T(VTU)) uv’,
Fhbo+T—or(viu) =087 = —Z—, M E(u,v;0)"! = E(u,v;7).
B mmFreGEETiE, Lifdt (RAA) mEHEE,
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5 FE % 545
Zviu=0RubvEd WAhT = —0,
E(u,v;0)™! = E(u,v; —0).

det E(u,v;0) =1 —oviu. BEETuv 85 A AL A 0Fev T u.

) WJ%’HF?‘] Filu déf E(e,- —ej, e —ej; 1). WJ%’HF;’] F$|U£ i@"/]\;‘EFfF
F NG A TR B i BT B AR N EHERI L T — ANE B &
TR IZIEE O B i A 5 3] B Iijl =1j.

o E(ej,e;;—a) =1+ aeje] AR —NEMEE T RIS 09 51T alE

#E) F i L X E(ej, e —a) = | + aeje] & R —ANEME K R i%4E
M 69 % 7 0 afE A B F i3] Lk
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METFT =A%

%—‘ialj = (0’ 0, /J'+1J7'“ ’I”J)T'j‘;?ﬁj/\ PEAF &
1 0 0 0
Li() = E(lj, e;; —1) = 1 + lje; = 0 liv1j 1 0
0 --- lhj 0 --- 1

Lj(1j) & R — B 15 R o W AT 09 Iy 4% A0 BV kAT 3 kAN + LAT B ndT.
o Te/l = 0, &MA L)~ = Li(-1).

gfi <Jju, Li(l)Li(h) = (I + e ) + &) = 1+ lie] + ], Bam—A
45T = A 5T AT A&

L=Li(h)Lo(h) - La—1(ln—1).

C. Zheng (MATH) 25k AR 3 A2



GaussiH =%
B HAER

alx +ale +alda+ ol = bV

&%+%%+%%+w+£hz=%”
agll)xl + agz)X2 + a( )X3 + -+ ag,)xn = bgl)
5,11)X1 + a( )X2 + a( )X3 e )

#al) £ 0 M TH 170 —a) A re s F247 Lk BB — AT
HAeHAqEE

B oot =

RT3 5 147 09 —a(y) aD4e e 3 6347 B, 1381 — A8 542, T A
7EX—X1}—LE

Bt o o= )

C. Zheng (MATH) 25 Pk AR 3 A2



o gt — H B & niT

NG/ C. IR C )

TRENFE 5 RGALBF N8 — /369 4248

agl)xl + agz)xz + a( )X3 + ot aﬁ)x,, = bgl)
oot ol =
35,2)X2 + a( )X3 +otaix = B

C. Zheng (MATH) 25 Pk AR 3 A2



o a2 £ 0, bk AT AT B AR T A K H B AN T A E — AN 89 %

69 &R AT AZ 28

i+ ol s balln, = of)
T LI
R I
o+ +ax, = b
do Ral) £ 0, LR AL T AGL B B RG — AN FRRATEE x,
i+ o dra s kol = o)
B+ oot iy = B0
aie+ ot alx = b
aMWx, = b
XA BAVEN R R — AN R RSEE A L= AR X RS T A4

a9 K AR A

C. Zheng (MATH)
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Gauss'H = ix09++ H 2

B EFANAEZIEP RANL A — kRR &, (n+1— k)(n— k)RFE
A B, %Eﬁ/\zé%:\ﬁi‘#’ﬂ‘iﬂ%;‘%»‘:ﬁ%

n—1

_ n® n?® 5n
Z(n—k)+2(n+1—k)(n—k)_§+5—€,
k=1 k=1

ok ok A )
i P n
> (n+1-k)(n —K)=73 -3
k=1

2 R AL ok S ") itk 00 ") B Gaussil ik
ﬁ’]?{tﬁf /% —’;{(7,7
n 2 n = n
33y
B0 Ao ok R E

n3 + n? 5n - n3
3 6 3’
B GaussiH £k H ik 5 4 **7'7 &= C W & MK T AS 4 G LA
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4B [% 09 LU iR

1%

1 1 1 1 1 1

agl) 3:(1 ) 3:(1k)—1 agk) 3gk)+1 ag.n)

(2) (2) (2) ) )

a k1 Dk D41 Hn
P S B B
AR — o 0 - a§<—1k)—1 ai(—kl)k) a&((—kl)k)+1 ai(_k1)n)

0 0 e 0 ?Ig( (akl()k+1 .. ?l/(()”
0 0 - 0 1k Fk+1ik+1 T Fktin

0 0 - 0 ) P

b(k) = (b§1)7 b§2)? Ty b[&izl)a bg(k)v b[((i)]_v Tty bgjk))Ta
K k k), _(k
Ik = (0,0, 70a0a 3££1k/3§<k)7"' 7351/()/‘954())7—
M) & 4o E 49 i A2 7 4o

AUED = 1 (1AW, bUH = L (—1)b®).
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B A

Loo1(=lp-1)Ln—o(—p_2) - Li(—11)AM),
bW = Ly 1(—lh—1)Llpa(—lp_2)- - Li(—11)b().

>
—
S
N
Il

AL = 15 (l)Lo(l) - Ln-1(1n-1)AL.

AL= L)L) Li1(lho1),U = AW WLA %4 TF = A% (Bt A
BAER S T ZAME) UN L=,
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—ApfRe

(ZAnfg)IEFH FIEBEA € R, ZEHLIRAF 2T X

ail 412 - aii

dp1 dxp - ayj

def i
A= : : , i=1,2---,n

di1 a2 ajj

HATRAER, W AEERE—GFEET = AL L= A KU, 2A = LU,

C. Zheng (MATH)

KRR HAZA




—ApfRe

(= A5t )AEF F4EFA € R™,

&R EF K
a1 di2 - aii
AT B 10
aj1 3;2 djj

HIRAR, NEEE—OELET=ZA%LIEL=A%U, #£A =LU
Proof

A = L1U; = LUy, LMLy = UpU; !
EREAA LT ZAM(LEAL), 20 H—EZAK Bf

L'l =UUt =1

C. Zheng (MATH)
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NG T IR £F AAIER N A E— A5 A=LU L FLAY
LT AU =A%

1 0 0 0
hi 1 0 0
L=|[ B k2 1 0 |, #n(n—1)/24 A%k ¥
Inl /n2 /n3 1
tip U2 U113 - Uip
0 wuxn w3 - w2
U=| 0 0 wuss o s | Sn(nt1)2hAe%E
0 0 0 Un

R T ORI EENKAMPEEEANAEN K —K, DR TALE
W 4 [ A A 2 LA,
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TAM = A ZAK = LYK 4

1 0 Up_ _ ul
(k) — (k) _ n—k+1,n—k+1 k41
L = < /n—k+1 L(kfl) > 3 U = ( 0 J(kf—"]_.) ) .

T

il

AR _ L(y®) < Un—k+1,n—k+1 Up_ i1 ) .
Un—kgtn—kiiln—krr ACTD 44 VL

o R u;

o il

o RATA, Mrm 1.
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Cholesky 7 fi#

FAAFENMRER, WEEE—GALEZAENGTZAERL 7

A=LLT

Al Cholesky 7 fig i

Aimr e | ftimr 0 Ly p [ty Lirh
cf ai| ht lii 0 1i; — * hTh—i-/,%

ARG
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F /L7 (pivoting technique)

L Gaussil ik i R A F kY, a( ) — 0, M GaussiH ik TNfe 2k 4 T
£ BfE A *ﬁ#ﬁl’iAﬁF—r% b1 Lﬁfiéﬂﬁé“ﬁ RN & e, BLAh Bp
L AR, akk # 0,4Ezeiwﬁ“’<|akk | << LM &= A Rk A #
EL FH HABOEETE AN ST LERE FoTHF
A 34zt a4 via B KR

1.00 x 107°x; + 1.00x2 = 1.00,
1.00x; + 1.00x, = 2.00.

fif: AN AR 40 69 /e A A% R 34 2E B F BTN (1,00, 1.00) T

-5 -5
( 1.00 x 107 1.00 ) | 1.00 x 10
1.00 1.00 1.00 x 10°|  1.00

11.00 x 105] | —1.00 x 105

% —% KffLy = b, /%]y = (1.00, —1.00 x 10%)7. % =¥ K Ux = y,iF
#|x = (0.00,1.00) .
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P EAT E

Jo EPTIE E MR — B ROk 7 B F kY A AT, i

k) (k K
35<k)a 35<421k’ s af;k)

BAARKE FRLPAE 9T 5 F KT8, REATH L4 R mad
FHHE A i >k, N ho Nde L4253 42 6 KA

A — [ (=)l AW,

itU = A

U="Lo1(—lo—1)li,_1n-1- La(—k)li2Li(—)1;1A

A=1li1Li(I)l2La(2) -1, p—1lp—1(lh—1)U
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— Ak = A o g R 22

EAJEFF N AEEHPEP LT =AML L= AU 13

PA = LU.
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— M= AR 3L

EAJEFF N AEEHPEP LT =AML L= AU 13

PA = LU. |
/’;’\
P=1_n-1---lpoliyz, Prx=li_jn-1-lik,
T
P,Pri1=ljx.
2

PA = 1 n1--lippli(l)lipaLlo(k2) -+ b, yn—1Ln—1(lh—1)U
= Pyli(h)PJP3Lo(h)PIPsL3(B)---P] 1L, 1(lh-1)U
= Li(P2h)Lo(P3h) - Lp—o(Pp—1/h—2)Ln—1(lh—1)U.
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KA T B T AR
b1 c1 0 X1 d1
a b o X2 do
a3 b3 . . =
Cn—1
0 a, by Xn dn
LU ok

for k=2 step until n do

ak
g < —
by—1

by < bk — akck—1

end loop (k)

C. Zheng (MATH) 25 Pk AR 3 A2



KEIAL: set x =d;
for k=2 step until n do

Xk = Xk — AkXk—1

end loop (k)
Xn ¢ 32
for k=n-1 step until 1 do

Xk — CkXk+1

X <
by

end loop (k)

C. Zheng (MATH)



KEIAL: set x =d;
for k=2 step until n do

Xk = Xk — AkXk—1

end loop (k)
Xn ¢ 32
for k=n-1 step until 1 do

Xk — CkXk+1

X <
by

end loop (k)

dm R IFAEF S, |bi| > |ai| + ’C,'|7“:f'
H|by| > |c1| > 0F=|by| > |an| > 0, Thomas7 &7 f&. +H=HR0O(n).

C. Zheng (MATH) 25 bk K3 A2



H TR 2] AR

TR LI, FRAFTAR! LR H, £ T TN,
— A FE R EZALENEE. £ FJW.H. Liu, The minimum degree
ordering with constraints, SIAM J. Sci. Stat. Comput., 10(6), pp.
1136-1145, 1989.
FEMEGAEAT A LR AR A W EZRBEXFE, REFEA P, AKX
F AR AN,
D EH EHER A
begin

G:=% 2 83 A,

while G is not empty, do

begin
HHEALARDEN Ry, |Adic(y)|, HFET—12 X%,
G = Gy;

end;

end

C. Zheng (MATH) 25 Pk AR 3 A2



Stability Analysis
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FB B 04 5 13

AERAEEEMA =bdAET B TFENREGBELE LREFHER
FARE RmA LBt TR AR EME— 4658 F RAMBIRE A
4t 32 04 i AL P HAR R AR A

C. Zheng (MATH)
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5B %09 S F 4

AERAEEEMA =bdAET B TFENREGBELE LREFHER
FARE RmA LB TR E A MR £ E—4F i 8 AR A
4t 32 04 i AL P HAR R AR A

T AZ2E
3 1 X1\ _ 4
3.0001 1 )\ x / \ 40001
W AE R (1,1)7T 5 AfebiEde T #9 N R AL,
3 1 X1\ 4
2.9999 1 x> )\ 4.0002 /-
SASH A (—2,10) T HAB BN AL A R4 E R EAL.

C. Zheng (MATH)
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5B — AP F

T AZ L
10 7 8 7 X1
7 5 6 5 X2
8 6 10 9 X3
7 5 9 10 Xa

FARAARA (1,1,1,1) 734 5 5160 BB 40 45

10 7 8 7 X1+ 0x1
7 5 6 5 X2 + dxo
8 6 10 9 X3 + 0x3
7 5 9 10 X4+ 0x4

32
23
33
31

321
22.9
331
30.9

SRR A x + Ox = (92,—12.6,4.5, —L.1)T.F 3 F LB — B

10 7 8.1 7.2 X1+ AXl 32
708 504 6 5 xo+0x | | 23
8 598 989 9 x3+Axs || 33
6.99 499 9 998 Xa + Axq 31

HAGHAIR A x + Ax = (81,137, -34,22) 7.
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ey Bl & 32

Theorem
XA € R™" det A # 0,xA=x + x5 ith & 75 A2 48

Ax = b
(A+0A)(x+dx) = b+db
kb £0,mELIATSY D AR
|I5A]| 1
[|A]] cond(A)

llox]l _ _ HAIIA~Y] <||5A|| |I5bll)
[IxI] = 1= [JAH{[ISA] \ [IAll - [[5]]

KA € RVNAFTIEE || - || 7 —FF A B 09 48 9 58 ¢, |
cond(A) = [|A[[[|A™]]
FRAAL 3. Tconda(A) = ||A|]2||A7Y|2. £ X conds, (A)F=condy (A).
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& 32 89 4E Bf

B At smA L+ AT B

B

:30)20
ox =

[|0x]]

IN

IN

IA~H]

I(A+0A) 7Y < |A-T[||[0A]

X+ dx = (A+ 6A)" (b + 6b)

(A+S6A) b+ b — (A+ §A)X]
(A4 6A) = (6A)x + b
(A +6A)HI(ISAIlIxI] + [165]])

1

T aemian 1A+ g A )
VAL (AL 1Y

T— a-TToAT \ T4l * el
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B % AR 3 A S+ 09 &

RAEEALE S 7, N

min ||6A||2 — 1 .
A+ 5A% % Al2  conda(A)

Hlxlla =1, A7 x]l2 = [A7 2. 4

A lx A 1lx xy T
A=z [|A72 [A=H[2
MA ||yl =1. 12
(A+6A)y =0,
-
xy [1x]|2 T 1

0A|[2 = max z| = y'z|l =
198l = 1%, | T2 2| = T e 2 =
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BB Ax = bA— AN MEX, X EH

r=b— Ax.
LR DB, XARERBRAMBEG AT 0@ E?
B XA H Fy Fe B o AN o R

Ll [x =Xl 7]
< < cond(A) -
cond(A)|[5]] = [Ix] |15]]

RFIERFH AT K

b
lx = %1 = 1A=l < A ll7]] = cond(ay 1AL 112l

IN

cond(A) 1+ I
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— /Ml

FrAZ 4R
10 7 8 7 X1 32
7 5 6 5 x | | 23
8 6 10 9 X3 T 33
7 5 9 10 Xa 31

FRSEE AP A 4 AEE R A ~ 30.2887, )\, & 3.858,\3 &~ 0.8431,\4 ~ 0.01015,
#

condy(A) = ol ~ 2984
A2
895 b = (32,23,33,31)7,6b = (0.1,-0.1,0.1,-0.1) " ,6x =
(8.2,-13.6,3.5, —2.1)7, #afE A x = (1,1,1,1)7, ATVA FiReyrasfig £ 4

[19b]]2

19xl2 g 18 ~ 2460/1°6112
15[z

[Ix]2 [16]2

~ 0.003332,
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A EA R

KA € R™M AR 5 N A
@ cond(A) > 1,cond(A) = cond(A™1),

cond(aA) = cond(A),Va € R,a # 0

@ ELAKNIERIE N
condx(A) =1

© FUHNIERIF N
condx(A) = condz(AU) = condr(UA)
Q B B, A EAR R K AR 6 A AEAE, T

3 AR, M condy(A) = 122
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IR 2 4B %

EMRKBEEARA REHEE, Hilbert4E 52 —ANF L 0w A 4E4% 3T
A

1 L 1

1 1 f
2 3 n+1

Hn == . +
1 i .. 1
n+1 2n—1

€ 89n x nhY4E %,
n 3 5 6 8 10
conda(Hp) | 5 x 10% | 5 x 10° | 1.5 x 107 | 1.5 x 100 | 1.6 x 1012

o)
Pt
|
>
i
o
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IR 2 4B %

EMRKBEEARA REHEE, Hilbert4E 52 —ANF L 0w A 4E4% 3T
A

1 1 1

1 1 f
2 3 n+1

Hn == . +
1 i .. 1
n+1 2n—1

C A —ANIE R #n x nfY4EIE.
n 3 5 6 8 10
conda(Hp) | 5 x 10% | 5 x 10° | 1.5 x 107 | 1.5 x 100 | 1.6 x 1012

RO AR A

Mg, RN A, (mEARk) MAIRMAX = b iXAFbE) TF
B E) sz F Acond(A) ~ 105, H Pt <sMHHABaZHLE XY
Hs— R F O .
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550 & SR T AR 4069 KR

FEABTELOTH, KR RIEFO FHE.

Example
10 100000 x1 \ _ ( 100000
1 1 x ) 2

T AZ A
49 /B AR A x, = 1.0010001 - - - , xo = 0.99989998 - - -, 3|
AD; = diag(107°,1), £ & 7 4213 %

00001 1)/ x\_ (1
1 1)\ /)2
S AR R M T 2 H 09 3 UK KA KRR AR

#x = (0.00,1.00) 7, # & — A2 A x = (1.00,1.00)". AT — 742 &
FEFG92- AL x 10°, T J6 — A2 A S4B 5 09 2- 5440 9 2.6184.
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