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I. 0 FaE- R e 2 5K AR
w NfFAR 1?
[FZFE R 5K B A € My, B € Myyy, t = lem(n,p):
AxB:=(A®1L,) (BRILy,).

Q1: NfEfIL?

AxB:=(I,;,®A) (I, ®B).
Q2: NI ={L |k=1,2,---}7?
i
I'i={l,:€ My, |n=1,2,---}
A X — 155 B, FAiTmT BLsg X
AwpBi=(A® L) (B®Ly,). (1)
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w X [ HEDR:

(i)  xp AR B RHE .
(i) > DI R B S A A

Definition 1.1
— T B

[={I}, € My, | n> 1}
FRAFERER T, a0 2
()

(ii)
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Sl Sl R R G

Proposition 1.2

I, BIFFIEE o (1) = {1} B o (1) = {0,1}. X H

Umax(rn):17 n:1727"' (4)

v

Corollary 1.3

7 =il (5)
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w5 BT AR E AR

Definition 1.4
W ={l,, |n>1} NEFERT, A€ Mux, BE My,
(i) EFFRrFTIiWA S BRMHEMCLE)FKERN

AxrB:=(A® T, (BoI,). (6)

X8t = lem(n,p).
(i) ETRFTIBPAL BREREG)KERN

AxrB:= ([,;,®A4) (I, ®B). (7)
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v R
SRR T I FERE-ERE 2, A sk AR Y Dy R I i
BARHE .

Proposition 1.6
(LA IE: e {x, x}.)

o (4551

| A\

o (M BLtE)

7145



Proposition 1.6(cont’d)

o (#%H)

(A X B)T =BT X AT,

o (i)

(10)

W, n>170. Wk A BRI, N A bap B A] .

FH,

(A X B)_l = B_l X A_l.

(11)

v
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v B B Sfe 1

@ MM-1STP: I'=1:={l,}:
Xp = X; XN = X.

@ MM-2 STP: Set

1
Jo = _1n><na n= 1727 . (12)
n
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Example 1.7(cont’d)

o UL-1:#% AV e M, N:

I, i=1,andj=1
Z&l] = ) ’ ’ .13
( ”)’J {0, Otherwise. (13)

@ DR-1: % AP € M, N:

(AD) )1, i=mn, andj=n, (14)
"/ii 10, Otherwise.
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I, %5 f-1n)
w FE [k i E

@ MM A E My, X ER: AR — R
& SUN:

IR

X — AX € R™.
o MMM ES: B AC Myuxy, BE My, N

AB € M,
NAE BEESRILIEYT.
Q 3: -l PR ek ][R I SEEL PR I AE. A PRIk AR T

57
[F]%F: No!
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5E L .
VY =R® = U R".
n=1

Bex € V. FHRIiEA", FEXTA € My, x € R®

Ax'xeV

o B - e e TR AR
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i [ BT

Definition 2.1
—IREE N =

v:i{n€eR |r=>1}
MRONTA BT T-, AR AR B A2 A T 2
(i)

|
=

gl
(ii)

M @ Yg = Vog-
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& ol RIRT
Example22

(i)

y=1:={1,|n=12,--}. (17)
(i)

=6 = {6 |n=12-}. (18)
(iii)

y=8={8"|n=1,2,---}. (19)
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6 - ] K B AR

Definition 2.3
W I ARRERT, vy ARERT, A € Muyx, x € R,
t=nVr. WAE x kT I &~ FHEE-REFKER, D
1E %, &SN
(i) AR EKER:
AXx = (A ® F,/,,) (x® %/r) . (20)
(ii) AR E TR ER:

AX,x = (F,/n ®A) (7,/r ®x) . (21)
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Example 2.4

WAE Mysn, xER, t =nVr. LUTPEHE FH 5 FE- )
sk E R
MV-1 STP:

F:{In|n:172,-..}, "}/:{ln|n:1’2’...}_

(i) ZEMV-1 FERE-[a Bk BN
AXx:= (A (%9 It/n) (x X lt/r) . (22)

(i)  AMV-1 FEFE- AR R E AR

Axx:= (L, ®A) (1), ®x). (23)
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Example 2.4(cont’d)
MV-2 STP:

r={5L|n=12---} ~={1,|n=12,---}.
(i) ZEMV-2 FEFE-[A &k =R
ASpx = (A®Jyn) (x® 1) . (24)
(i) AMV-2 5ERE- [ &gk BT

AC,x := (J,/,, ®A) (1,/, ® x) : (25)
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. 72 4504 6]
e AU AHO T E RS

PDKR & BT EE

(€) Internet (d) Genetic regulatory networks

Kl 1 Dimen<ion-varving Sveteme 18/45



=

IR RR: LHE®

P& 2: Strings in Physics

Space-time: dimension 4 (Einstein Relativity), 5 (Kalabi-
Klein theory), 10 (Type 1 string), 11 (M-theory) or even 26
(Bosonic model)

¥ M. Kaku, Introduction to Supersting and M-Theory, 2nd
Ed., Springer-Verlag, New York, 1999.
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5 SRS RS KA

K 3: Stand Alone System

BHLRSEAH?2, 3, 5, 6, EEET 4kzh Jy2F R,

@® J. Machowski, J.W. Bialek, J.R. Bumby, Power Sys-
tem Dynamics and Stability, John Wiley and Sons, Inc.,
Chichester, 1997.
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s R [ £ 5 (] 25 4

Definition 3.1

(i) ®x e R" C R*, r € R. M E R E A:

rxx:=rxeR". (26)

(i) Bex e R™, y € R, t = lem(m, n) Am Sn B5/NAfEEL
Mx Sy FIF1A:

X I'T_y = (x & 1t/m) + (y ® 1t/n> € Rta (27)
XH,
=11, 1]
k

Nk YE1 [
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Definition 3.1(cont’d)

FEREHE, v Sx WL E U

xFy:=xH(—y). (28)

Proposition 3.2

V = R>™ VIR HIR(26) K In(IK)i%(27) ((28)) A—/MA T &

7 [H). @

2y [e) B 4 [ AL 17 B2 25 1) AR BT A oK, Bt R ANPEE— S [1]

@ [1] R. Abraham, J.E. Marden, Foundations of Mechan-
ics, 2nd Ed., Benjamin/Cummings Pub., London, 1978.
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(Remark33
(i) F5L Lk, 7Y = R® T u R A ME—:

0:={0,0,---,0]" |n=1,2,---}.

K, ¥ x € R, | —x € R* i 2

xH-(—x) €0. (29)

(i) fFoMiE S, Hx e R I, #E—x e R HSE, ZREZ 4
&I,

<

23/45



v [a] & (R S

Definition 3.4
x, y € R® AN, iLEx & y, MRFEEL, M 15, 15
x®1, =y®1;.

Proposition 3.5

Wx, y € R®. x <y, JHAH, x—y = 0. B,

xeoyesx—yel. (30)
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i R AR, 5, S E

Definition 3.6

WxcR"CR®, yc R* CR®, t =mVn. Mx 5y KIHNE

=

|

|
il
e

<X y :_<x®1t/ma y®1t/n>a (31)

XKE (- ) AR ERE@E AN, B, v e R U

t

(u,vy = Z u;v;.

i=1

H1(31) & XL HI AR AL AR, 1/¢ ANAL.
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Remark 3.6
R [ A2 1T 2644
(i) (FrECER)

<x+yz>=<x,z2>+<y,z>, x,y,z€V.
(if) (RFRRYE)
<x,y>=<y, x>  x,yeV.
(iii) (ZefEiE)
<ax,y>=a<x,y> acR xyeV.
(iv) (AEStE)

<x,x>>0, X, <x,x>=0=x=0.

(32)

(33)
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Remark 3.6(cont’d)
BTV = R® &&= A,

<xx>=0=>x=0

RN

<x,x>y=0=>x€0.

PRk, R (31) BN D AR,

Definition 3.7
x € R™ Wjiusie XN

||XHV = <X, x>V‘

(36)
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Remark 3.8
R> | Y E B 5 /2 a0 R 2514
(i) (EAARER)

x4yl < lixll + Iyl xy eV, (37)

(i) (ZREtE)

lax| = |alllx], a€R, xeV. (38)
(iii) (EfutE)

x| >0, A, |lx| =0=x=0. (39)
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Remark 3.8(cont’d)
H(36) & L HITEEGH 2 FIRER, B LLR %4

x| =0=x=0.

BN

Ixly = 0= x 0.
A e HRR A T B

Definition 3.9
Bex, y € R®. Nix S5y KRN

dy(x,y) = |lxF ylv.
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Remark 3.10
X IR RS, idMd - X x X — R, N2 N 2 LA 2644
(i) EARER)

dx,z) <d(x,y) +d(y,z), x,y,z€X. (41)

(i) (WHFR1E)

dx,y) =d(y,x), x,yeX. (42)
(iii) (AEfatk)

d(x,y) >0, Hd(x,y)=0=x=y. (43)
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HH (40) & S BE B 2 BR DL R X AN SRS BT A 225K

dx,y) =0=x=y
BB

dy(x,y) =0=x <> y.
PR, XA B AR D AR .
(iv) (2% H BE B P A1)

dix+z,y+2) =dx,y) ,xyzeX (44)

ARAEHAE, F(40) 7 SLIIEEE i 2.(44).
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IV. &R RS
w2 SY) RS
Definition 4.1 [1]

(i) 5 —DPHG AN —IMEEX. WRGEE DN
GxX—X,iHie

m(a, (7(b,x)) =m(a*xb,x), a,beG, xeX. (45)

MA(G, m, X) A —ASo- RS,
(i) W45+, G AL YH#E (A B fiote € G), H

(e, x) =x, Vxe€X, (46)

WA(G, 7, X) FRA—AS-RGE.

® [1] XIfhZE, TR, FRES-REIW, Bhi, b5t B4
g2t 29008 32/45



Remark 4.2

Vorank rmwd

5

(g, x) :=gx, g€G,xeX.
W, — N ESHUTTELS, (S) R 5 H

x(t+1) = g(t)x(r), x(0) = xo.

|

Example 4.3
(i) B (A Ze it R4t

x(t+1)=A(t)x(r), x(r) € R". (47)

G=(Muxn, x), X =R", 7: G x X — X iR FFEARIL.
WA, (A7) N—AFRE(S-) R G
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(i) FZEELENT A2 1 R 5
x(t) = Ax(1), x(1) € R". (48)
x(t) = e*xp.

G=(eM]1>0),X =R, M4, (48) H—ALBE(S)R
4.
(i) % SEELERT {4 b R G

XEM 4 n iR

x(t) = @} (xo).
G:(Quzo)xzmﬁ%”mm%—¢¥ﬁwﬁé

7. 134/ 45



v 2 AEFE R RS
B

w0

m=1 n=1

Proposition 4.4

(M, x), (M, x)

LR
(i) D={J|n=12-):

(M) OZ)? (M’ Or)

PR,
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w MV-1, MV-2 STP: M {EH TR>

B

V:R"O:GR".
=1

WA € Mysn, X ERCR®, t=nVr. N

LMV —1: MXx:=(M®IL,) (x®1,,);
RMV —1: Mxx:= (l;,,®M) (1), ®x);
LMV —2: M3ix:=(M®Jy,) (x®1,,);
RMV —2: MSx:= (Ji, ®M) (1., @x) .
X B

. 11 1

ln :(1717"'71)T; Jn:_
M "l 1
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ww [ 5y BAHAE

Definition 4.5

wr = {T, | n

172""} %ﬁﬁi%?, Y= {7n | n =
1. T 5y %, R

nIn = Tn, n:1727"" (50)

—~ A

Proposition 4.6
WART Sy HH2,

AX, (BX,x) = (A xp B)X,x, A,BEM, xeR>*. (51)

37/45



o LRIz 4ES- (So-) R4

Proposition 4.7
(I) ®’G = (M, K) (EZ‘G = (M, )4)), X=R® 7= X (Ei,
™= x). W(G,7,X) &—S-R4.
(i) BG = (M, o) (G = (M,0,)), X = R®, = = &, (&,
m=23,). W(G,7,X) &—"So-R4t.

Remark 4.8

WG NFBE, H(G,m,X) NSy B4 G ¥ 7 NG := GU{e},

gxe=exg=g, Vgegq,

H
(e, x) =x, VxeX.

Jﬂ”(éﬁ,?T,)() jé]*AAS'/‘\égﬁ.
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V. \S-RGBIS-Bh & R 5t

= S-BIS ARG

Definition 5.1 ([1])

(G, m,X) H—S-RG. WX F—iRH 2=, FH Hxt g —
g € G,
(g, ): X—X

FEESH, W(G, 7, X) MN— N BIS RS

¥ [1] S. Koppelberg, Ultrafilters, Semigroups, and Topol-
ogy, Lecture Notes, Freie University Berlia, Chapter 9,
1975.
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v AR 4ENAS
T A% RE

A5t

((M7D<)7

Definition 5.2

X, (R, D))

WA E M, x e R*®. A

1A]lo =

sup
0#£xeR>®

HIEAUE SN

A % x|y

[Ixllv

(i)
Iellv; =
(i) W |Allo < oo, A

Xo = Ax — Axyg. T2

SRS

H((M, %), %

1 n
(x, )y, = THXH’ x € R

Mﬂ%<M%WM K, x —
, (R, D)) /&3]
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Proposition 5.4

WA € My W

lAllo = 1/ = Tmax(ATA). (52)

| S

Proposition 5.5
(i) ®Ae M, reR. N

IAllo = |rll|Allo- (53)
(i) %A, B € M. ]
|ABllo < [|Allo]|Blo- (54)
(iii) %A, B € M,.
|AH-Bllo < [|Allo + [|Bllo- (55)

v
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b i 4[]
o MR M, Ne MM ~ N, INRAFLEL, I 1513

M®I,=NQIs (56)

>

o FEMME: x, y € R™® x ¢ y, WWRIEEL,, 15 15
x®@1, =y®1p. (57)

o FEFE T A [A]:
=M/~
Ay ={XeM|X~A}eX.
o [H & [T A (A
Q:=R®/ < C 0,

x:={yeR® |y x} € R™.
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o [ 2] _ 2SS R G

Definition 5.6

B(A) e X, xe Q. EX

(A) XX :=AKXx. (58)

Proposition 5.7

A $((A) %) := (A) X x. T

(2,6,Q): x=(A)Kx (59)
A R4S

v

® [1] D. Cheng, From Dimension-Free Matrix Theory to
Cross-Dimensional Dynamic Systems, Elsevier, Lon-
don, 2019.
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VI. 458

v FH R TR B A AR

o LLNEWST IR IE;
o HIRMESEL RS SERERT;
o ZUENE R,

e i KRR

© A RIZACH LI 2% (1 73 A 55 42 il
o (G EMHE RSN RK G H— N TR EE;
o YRS RS KBS,

44 /45



!
Q&A



	¾ØÕó-¾ØÕó°ëÕÅÁ¿»ý
	¾ØÕó-ÏòÁ¿°ëÕÅÁ¿»ý
	·ºÎ¬Êý¿Õ¼ä
	ÏßÐÔ°ëÈºÏµÍ³
	´Ó S-ÏµÍ³µ½ S-¶¯Ì¬ÏµÍ³
	½áÂÛ

