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> KRR

d
au(t) = Au(t) + Bw(t)

y(t) = Cu(t) + Dw(t)
u(—o) =0

> o
t
u(t,w; —o0,0) =f eA=DB w(t)dt

y(t) = CJ eA=DB w(t)dt + Dw(t) = f h(t — t)w(t)dt

_|cedtB+65()D,t =0
ne) = { 0 ,t<0



> Laplace T 1t

HE) = (Lh)(E) = j h()eEtd
0

> o N st eg i B

Y (b = f Rt — Dw(@)dr = (b * w) (D)
(Lh)(&) = hg + hy&™ 1 + 72 + hyé™3 -y &F -

(Ly)(&) —J f h(t — )w(t)dre tdt
= (Lh)(&) (Lw)(¢)



> A% % % #k (Transfer function)

0.0)

H(E) = j e~ECh(t) dt

0

1 1
H(¢) =mng(eo) + 771(°°)E + - Um(oo)g—m + -

> AE i 4
H(E)=CEl —A)'B+D

—C(l_|_A_|_A2 ...... )B_|_D
- \e e 8

No() =D
nm(oo) = CA™ 1B



> KRR

d
au(t) = Au(t) + Bw(t) (A B)

y(t) = Cu(t) + Dw(t)
> 3 F Petrov-Galerkin 3% % &9 & )42 A

dq(t)
dt

= WTV)"TWT(Avq(t) + Bw(t))

y(t) = CVq(t) + Dw(t)

(Ar Br):((WTV)‘leAV (WTV)—leB)
Cr Dy CV D



%E UL AL 7y %

> 4B TC B

R I

Nm(©) = Npp(0) (m=0,1,-k)
w2 WAV

) 1 [ B A

(Ar Br):((WTV)‘leAV (WTV)—leB)
Cr Dy cv D



%E UL AL 7y %

ok

H()=CEI—A)"'B+D
1

$

() =D,  Mp(®) =CA™ B Ym=1

1
= No(0) + 1y ()= + ---nm(oo)g—m 4+ ...

> A2 A

Nro (OO) =D

Nym(00) = CV((WTV)"twTavy™t(wtv)-‘w'B vm=>1



%E UL AL 7y %

& FPetrov-Galerking 3 #9 e U4 A 69 44 8 5% & > WA R
A8 RL 6 4B
UTO(OO)’ Tlrm(oo) Ym 2 1

AR #1 F 5 7 1)) Range(W) f=Range (V) - 5f R # T £
Y- AW RV 69 IR o



%E UL AL 7y %

> 4B TC BT B 4%

NMm (0) = Nrm ()

AT WAL » KR RIS FE EEF I N-E
W e oL L o Bp
B=beRN c'=c"eRV



I A RV € RN™ Mg 13 B 48 3% =
Range(V) = X,,(4,b) = span{b, Ab, A*b, -+ --- A*"1p}

IR AW € RVXK 3%
wtv =1
R4 > A WFa Vi i Petrov-Galerkind% $ 7 & M 5 4
BA(A B,C,D) 53| 69 M4 A, i RA TR
Nrm(©) = Npp(0) VO<m<k—-1
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Arnoldi 7 /%

» Arnoldi 7 %

-y Nt A€ RV*N, peRV
ko K (A, b) 89 E XKV, € RNk

> ARk
Vn & Span{b,Ab,AZb, ...... Am—lb}
Vms1 = AV — Vi (Vs Avyy)

11



Arnoldi 7 /%

» Arnoldi 7 %
N AeRVN, pheRVN
ko K (A, b) 89 E XKV, € RNk

b
v, = —
L7 bl
Vi = [V1]

al — Ul Avl

fl = Av, — V; (VlTAvl)
Fij:l:k_ldO

il

Hf}||

ff“ - Av] J+1(Vj£1Avj+1)

Vit1 =

12



Arnoldi 7 %

» Hessenburg 4B 4%

04 % %
ﬁl C(Z * cee %k
by *
ak—l. *
Br-1
ViV, =1

H, =Vl AV, 52 EHessenburg4E % > V' b = ||b]le,

f.
VI f, = Vi = —L
i 1] i+ =7

13



Arnoldi 7 &

b
IR
Vi = [U1]
ay = v Avy Hy = [a4]

fr=A4v; —ayv,

For j =1:m—1do )
_ 1
Bi = Ifill vjsa = B
h = Vjil(Aij)

fi+1 = Avjiq — Vi h

Hj "
Hjes = [ﬁjejT

Vier = [V vyl

14



3L Ri=[b Ab A°b - - Ak=1p]

07 = [cT ATcT AT?cT oo AT T

J
Bi%H = OR(1<j<k)HIEFF o A& TRAIRAE K
AV € RV*K g 4 3% 2
Range(V) = K\ (4, b)

IR A AW € RN R4g # % =

Range(W) = K (A", c") W'V =1
A B W Fa Vi@ it Petrov-Galerkind% % 7 /& M 5 4542 A
(A,B,C,D) 4% 3] &9 =42 AL, R ids B VL TS

nrm(oo) =77m(oo) vo<m<2k—-1

15



M Lanczos 7 7%

> s Lanczos 7 %
N AERNN, peRN
iy K (A,b) B9 RV, € RV*F 3¢, (AT, cT) ey &
W, € RNk s R W[V, =1 o

> A RM K
V.. < span{b, Ab, A*b, - -+ LA™ b}
W, < Span{CT’ATCT’ATZCT’ ...... ’ATm_lcT}

Umt1 = AUy — AU — Vi Vim-1
— AT
Wm+1 = A Wi — Wiy — :Bme—l

Um+1 L Wmr Wiyt L U 2 @ = ngAvm
— T

Um+1 L Wim—1 = ¥Ym = Wn1A4Vp
— L

Wit L Vm—1 = Bm = WAV 1

16



M Lanczos 7 7%

> s Lanczos 7 %
N AERNN, peRN
iy K (A,b) 89 RV, € RV*F 3¢ (AT, cT) ey 3k
W, € RNk s R W[V, =1 o

| - b cT
=\/|chT|, y; =sign(b'c")Byy vi=—, w =—
b1 V1
Forj=1:k —1do
T
C(]—W] AU]
fi+1 = Avj — a;v; — Y4
g]+1_AT —C(W 18111

,Bj+1 = \/|fj+1 gj+1|’ Vi1 = Sign(fj+1ng+1).Bj+1

f .
. ]+1 g]+1

j+1 — v Wit =
Bj+1 Vi+1 17




M Lanczos 7 7%

> =Xt B4R
a1 V2
b ay Vs
p3 as
| “k—1. 147
B A
WiV, =1

H, =W/ AV, =sxtA4%E% > Wb = Bie;, cVi =7y.el

18



> 4% 1% % F (Transfer function)

H(§) = fooe‘fth(t) dt =D+ C(él — A)™'B
0

R AL 34T 4R T @6
H(&) = H(&) + (— 1)_1‘1(50)

z
d m
D S HE) S mﬁ")

=1(&) +11(0)

s‘fo

+ ...

$o — ¢ ($o—=$)™ N

11 + - “Nm (50)

Ko
(0'e) m

M (&) = jo emefoth(e) de = (~1)" 2o H(Eo)

m!

19



> KRR

> Ak 5

d
Eu(t) = Au(t) + Bw(t)

y(t) = Cu(t) + Dw(t)
U(—o0) =0
HE =C(EI —A)™B+D

no(§) = C(§l —A)'B+D
Nm(§) =m!C(§l —A)™™'B

20



46 L Kt 7 i (Moment matching)

> PEAR R A AE IR R B

HC) . i
—77(50)4‘771(50)5 ,g‘l" dgzm m(fo)(fo 5)

» F F Petrov-Galerkin 3% £ 69 %5 A2 A 6945 1% 46 %

H,($)

= Nr0($0) + 11 (o) S0 ¢ Bo=5) +

11 + "'”rm(fo) ml

21



%E UL AL 7y %

B IRE, € Chats IEH AV € RV*Ks 13 348 3% 2
Range(V/)

= K (6ol — A)™F, (6o — A)™'D)
= span{(fol — A)_lb, (fOI — A)—Zb, ...... (501 _ A)_kb}
R A YW € RVXR 3% 2
wiv =1
R4 > A B WHa Vi if Petrov-Galerkind%k % 7 & M 5 4
BA(A,B,C,D)1F 3| 69 A2 AL, 505 R VA TR

nrm(fo) =77m(€0) vos<m<k-1

22



%E UL AL 7y %

£IE € C(1<i<DAAEBENAY € RV 13 FA8 3
8

[
Range(V) = | | % (&l = 4)7", (&0l — A)'b)
=1

IR A EY- W € RNXT 3% =
Wiy =1
R4 > A B WHa Vi if Petrov-Galerkind%k % 7 & M 5 4
¥A(A,B,C, D)1 2| 69 Y42 A, B R A TR
nrm(fi)zrlm(fi) Vi<i<[,0<m<k-1

23



%E UL AL 7y %

HIREEC(A<SIi<2DF A EEMNREV, W € RN #4133
'fﬁyfw?ﬁ/i

[
Range(V) = | | % (&l = 4)7", (&0l — A)'b)
=1

21
Range(W) = | | 5 ((&f = )7, (61 = A)7Te™)
i=l+1
FHAWIVIEFF o
AR 4 > A WA Vil igPetrov-Galerkindk % 7 & M 5 4
B (A B,C, D)3 58| 9 A2 A, i L T HRJT
N (§) =1, (E)V1<i<2,0<m<2k—1

24
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