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| AN S50 B i
= MR R %

o ABLIKR: A HEE LA LTS H ).
o HUMALEAE: i i S 1, FHHMELE B (522).

SAC

e = BN
O ACH i (s 72t
s PAC dar
B 1: Hos s

® [1] RICK, RICRREEENIMAL, (1 ZRHCH HRAL, 5F
4, 1995.
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© [ MA7tH 20 Ja WIAF -5k A Je Ik B R 70 T s, DAL
B9 AR IR SR B 7 AE B AR R A 7 e B B4R
H, AT SR SR IAL THENLE AT ENLR
FHURE, LB I gtia 1],

o JERE R TR EAAR U TF LA AR 5 BER BE R 52
%, RAEHEM2).

® [1] EMAT, Keriigs, Beshcd, Jbst, 2008.

® [2] FEACRE, FRUHE, BUXAE, BIRE LB 53FE
ARE-FERE IR AR, BhAE t A, b5, 2015.
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1. & BRAE B 50 B ok E AR IR
e AR ) &R A

A, ={8 i€l n]},
Tn = {p: (ph"' aprl)T |pl Z 07;pi - 1}7
B = {b= (b, by) | b; € {0.1}}.

Definition 2.1
WS ={1,2,--- ,n}. M4,
(i) X =i S LRRN

X:=x=/

RN X (1A B3R,

7146



Definition 2.1(cont’d)
(i) %z c S, WA,

1=Z¢eB"
XH,
(i) 1, ieZ,
1) =
< 0, Otherwise.

(iii) &D c S NS LRy An, BID € T, 4,

D(i) = Prob(i € D) :=p; > 0,

ZP;‘ =1.
i=1
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w ffi]: BB RRR
— NP R x, EREEA(T = 1)8R(F = 0). lx € D,

XH, D={0,1}.
WRHE T
@i “d&” ()
1, x=0
ﬁ(x):{o, x=1. M

(i) “BrEU(ER)" (V) MEB(E)(A). EATAIHAR — L =55
BETHEMNIRERRSR, LRI
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WA RN R BRI

1~3d,; 0~
BHRIE B
FERXFP A RN B
—x = M,x, (2)
XH,

M,,—{(l) (1)} — 5[2,1]

PROAAE B A R FE R

11/46



XF T ZIuHE o, tURT LR B AR N () S5 K FEREM,, 1615
xoy = Myxy. (3)
WHZIuH o LA 5EFES T 4R2.

R 2: “uH TSR

V(d) Alc) — (i) < (e)
5[1,2,2,2] | &[1,2,1,1] | 6,[1,2,2, 1]

NS
S
p—
ur—A
-
LS
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& T
Example22
o A UiB Hi,
° B HC Hitik,
o C A 1B HLi,
B MR ? MR A2
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REE R R R AR, RV A C07 2 i 77 2CRD AT
15 2032 45 1] L 0 A

Example 2.2 (cont’d)
WP A REEN; 0: BRELN; R: CRRELN. NEHEE

(P(—)‘\Q)/\(Q(—)‘\R)/\(R(—)—!P/\—!Q)=1. (4)
F AR R L N

L(P,Q,R) = M-M.(M.,PM,Q)(M.OM,R)(M.RM_.M,PM,Q)

14/46



Example 2.2 (cont’d)
(4) £y

00O0O0©O
weon =0 0

e = (0. o= [] k= |

HIA 5C fti, B MEZE N

0
1

1
0

|

- O

0
1

] POR=14,. (5)
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i —HARERERRR

5E
X,

J = 1;,, s =1,
]hxu S ?é L
Proposition 2.2

(I) &xi € Ak,— (Bzx,- S Tk,-); i € [1,11], iy

H,‘ D(?Zl Xy = Xj. (6)

(ii) w0 #£x; € B4, ie[1,n], N

I; xg XI_ x5, = x;. (7)
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n
X = D<;'1=1xi S ]RR’ K= Hkl

i=1

= mHERRx, i € [1,n).
(ii) Proposition 2.2 FH, 4

xeA,, xeTY. xebB,

I, Rona(8) TfE Bk,
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1w = RAREZS KRB MRBCRE 2 8RR

(i) REEIS RS

x(t) € Ay =T € Lyuk.

(ii) E/RABHREE

x(t) €T =T € Yixp-

(iii) HER H 3L

x(t) € By = T € By

(11)

(12)
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v AR AR R G

(i) BEHIS RS
ut) € Ay, T € Lxwp

(i) BREBIERER RR

ut) e Yy =T € Vivnpu

(iii) AR B3I

u(t) € B, =T € Bixyyp-

(14)

(15)
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w5 7 R AT BEIRIRS AL

Definition 2.4

WA € Mpuu B € My, M HKhatri-Rao #1k

A x B := [Col;(A) Col;(B), -+ ,Col,(A)Col,(B)]. (17)

Proposition 2.5
(i) REHEIES RS

i
x(t+1) =Ta(t), i€ ln], (18)
iy
x(t+ 1) = Tx(t), (19)
XHE

T=T T, *x---xT,. 20/ 46



Proposition 2.5(cont’d)
w(19) %€, W(18) pior, Hr

Ti:HiT, i € [l,l’l]

(i) BRBIERER RG
(18) = (19), (18) < (19).

(iii) AR E 3L
(18) < (19), (18) » (19).
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Remark 2.6
(i) RAGHEDIE RS,
x* = PRix, x €Ay (20)

X B, PR
PR = [6,6,050%,++ , 0,6;] -
(i) X E/REERER R 5%
(18) < (19),

MRASJRRIAE TF-(20) Sfx € YX AR
(iii) HR B, 2 ER R AR,
(iv) Proposition 2.5 5 il [ £ tH i 37

22/46



. BREEIE RS

e A /K R 44
—on G AR R — A TS A T L 8T 5 R e

N He

HO B X P AN EARAR, TR A AR AR T8 5 AT A
IR R, BRI TR LS L

xi(t+1) = fi(xi(2), -+, xa(2))

0(t+1) =fi(xi(2), -+, xa.(2)) (21)
X(t+ 1) = fulxi (1), -+, xa (1)),

XH xeD,i=1,---,nf:D' =D,i=1,--- .n NEHE

PRIZL.
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B R x, AR AR, (21) 7T AR S Z
JHERRN

x(t+1) = Lx(1), (22)
X, x(1) = w1 xi(1), L € Lonson N—EHEIEFES

B3 & — MR,

B 3: A IR 4%
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Example 3.1(cont’d)

Hah ms A B — M S R GURZ . il

A(t+1) = B(t) A C(1)
B(t+ 1) =-A(r)
C(t+1)=B(@) VvV C().

i BT ERR BN (22) KABIE. EE
A(t+1) = M.B(t)C(1)
t
t

B(t+ 1) = M,A(r)
C(t+ 1) = MuB(1)C(t).

23— LT L AAE R SR BRI, 53]

(23)
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Example 3.1(cont’d)

x(t+1) = Lx(1), (25)

L=03,7,7,8,1,5,5,6).
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LS THWEREEER, B en] 1M a5t

Fio o, SEREBRIR AN i R 4R

Theorem 3.2

ot
H¥
A

HRBENERSG(21). HAEORE
KEs BRI ADH, Ny, BT a0 R e 2 s B (A3l

EFREENL RRFRIE).

N, = Trace(M)
Trace(M*)— > kNi
keP(s)

Ns - S )

(XEP(s) fis FIEHTHEED)).

B %7~ o~ (22). M3

(26)
2 <5 <2
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6 A /R 2 il /X 2%
— MR 4 AR N

{xl(t+ 1) :fl(xl(t)’ T 7xn(l)7u1(t)’ T 7””!0))
xn(t 1) :ﬁl(xl(l)"" 7xn(t)aul(t)a"' ,I/tm(l)),
yi(t) = hi(x(1)), j=1,---,p,

iégéiixl € Z)s-xh = 17' Y jigqjiﬁ§§§g§£§i’ Mi,i - 17. ,m iig
T,y i=1,--- ,p NI .
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RANAG 7R N &8, T LAA 1A 7% 42 ) D) % 11 AR 5 2 o) 3
7N

x(t+ 1) = Lu(t)x(t),
{y@ — (1) @)

% H(r) = xiy(0), u(t) = =P u(h), y(r) = x2_,y,(r), 1248
%E@L S £2n><2n+m, H € £2p><2n.
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4 g — A IR 32 1 P 45,

oo
e
oo

B 4: A 7R 4% il F 4%

HENE TN

(29)
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Example 3.3(cont’d)
HARBELE K y(28), Hr

L = 0[1155226613572468
5555666657576868];

H = &R21212121].

At 7R ) W 4 ) A BV o S AR R L 5 H BRE .
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IV. 5 /RBIRBIE RS

0 [ 25 I A 1T 2%

Definition 4.1

— AR EAL I ZE AT LU — A =04 ((N, E), G, TT) %o, X

H

() (N,E) I, B Em AR — DI K;

(i) —PHEAMEIHIEG, (N, E) E - AIFRIEZE, fi15
WRG,j) € E, Axi Fj TrEARMNKIEIEG, HIKE 75
%Uj"jxi(l) %ij(l‘);

(i) T Sy 2R mes B3 A 00
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MRPE SR W SR RN, e v] PAS R A T FE
xi(t+1) =fi(xi(2), -, x.(2))

?Cz(t—i- 1) =fx(), - x() (30)

Xt + 1) = fu(x1(2), - -+, x4(2)).

A 1) B AR SR, Wixy(r) € Ay, i =1,---  n. RS
SRS, A AR 2 [ RN [ 15

x(t4 1) = Tx(1), (31)

() = X xi(1), T € Ve DR REERS AL (1 =
T k;).
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K R R 2 ok B AR 5 v ) T AL I 2R A S5 2 M ) 5 — R S
B SE[1]. [2] 45t 7R TIRAS I B /R BER B i AL 1 2R ) 3R
W5 2 7. [3] 48 I AR IR A sR K E AR U iR A A T — A
® [1] P. Guo, Y. Wang, H. Li, Algebraic formulation and

strategy optimization for a class of evolutionary net-

worked games via semi-tensor product method, Auto-
matica, Vol. 49, No. 11, 3384-3389, 2013.

® [2] C. Li, Y. Xing, F. He, D. Cheng, A strategic learning
algorithm for state-based games, Automatica, Vol. 113,
108615, 2020.

® [3] D. Cheng, Y. Wu, G. Zhao, S. Fu, A comprehensive
survey on STP approach to finite games, J. Sys. Sci.
Compl., Vol. 34, No. 5, 1666-1680, 2021.
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V. G R B 3h#l

T R GHARBUIRZS 22 (8] R

Definition 5.1
= (X,%,6,0,0) WA—NIBRS, XH
o X: IR&4E
° X: MIANE
@ §:X x X — 25 iE Mt
° O: ML
@ 0: X — O: WLt
W6 (x, 0)] < 1, WIFRT AFHE R, WA E H.
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Example52
ZET = (X,%,6,0,0), XH,
@ X = {x1,x,x3,%4},
@ ¥ = {oy,02},
()
d(xr,01) = {x2,x3}  0(x2,00) = {x2,x3}
(S(XQ,O'z) = {X4}, (5()63,0'2) = {)CQ,X_O,}
5()64,0’1) = {Xz,X4},
@ 0= {01,02, 03},
()]

o(x1) =01, o(x) =0(x4) =0, o0(x3) = 0;.
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(23] o

2
Y
0,( ¥ Doy

& 5: Transition System of Example 5.2
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Example 5.2(cont’d)

4>|

=0, i=1234
Uj:5]27 .]:1727
0k=5§, k= 1,2,3.

iiix = D<i:115, U = D<;i:103, 0 = D<i::10k- DIU%%ATH Eﬁjﬁ*iéﬁijtﬁgigif

EIE7S
x(t+1) = Lo(t)x(r),
o(t) = Hx(t),
XH
0O 00 O0OO0O0O0
I _ 1 001 0 0 1
{100 00 O0 1
0O 001O0T1DO0
H=68[1,2,3,2].

SO OO

(32)
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w [} 7% 4 (Temporal Logic)
I 7 B T
@ O:next (F—1)
@ U: until (E.2)
o [I: always (& /2)
@ ¢: eventually (%)

Definition 5.3

({E % (syntax)) Loty FRiZ 5 (LTL) % T M40 1A Re 6
HEHLE LT

p=Tlo|dpAp| 0| O¢|dUgs, (33)
:‘LXE‘J Ty‘jﬁ: 060
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¢

O¢: e — > o — p o — p o —p o

¢1 ¢1 b1 ®2

¢1U¢2:.—>—o—>—o—>—-—>—.

¢ ¢ ¢ ¢ ¢

Lo e — > o ——p o ——p o — > o
<>(b: o—>o—>0—>—?—>—o

6: Temporal Logical Operator
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w A RARESE L (Finite State Automaton)

Definition 5.4
AIRREBEBFIA = (S,5,0,0,F), XH,
@ S: (AIR)IRE,
@ s5p. %]J:jn_?,
® O: MNTFHF,
@ 0:85x 0 — S: iLFEmLET,
@ FCS: MEZIARES.

(i& X (semantics)):

WO = Wo(l)Wo(Z) cee Wo(l’l) € 0*,
Wy = Ws(1)Ws(2) - - Ws(n+ 1) € %,

X EW(1) = so, Ws(k+ 1) = §(Ws(k), Wo(k)), k € [1,n]
Wg(l’l I l) efF.
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ER-AHARAEAINA HF0 = {01,0,,05 04},
F . W0|:¢,¢2<>03/\(01U02).

0, 0,0,|04 0,0,|05|0.4

7: ¢ = Qo3 A (01U07)
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Example 5.5(cont’d)
WSy =0),8 =028 =08,0 =0,i=1,2,34. ¢ KR
FRETHFETRH

s(t+1) = Lo(1)s(t), (34)

XH,
L=681,2,3,2,2,3,0,3,3,0,2,3].
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{5 S RS8R

T¥ RS
:l—Rabin H 3l
I 712 4

8: 15 BB R G HH2

Rabin {25

Y

@ [1] C. Belta, B. Yordanov, E.A. Gol, Formal Methods
for Discrete-Time Dynamical Systems, Springer, AG,
2017.
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VI. /N4

o IHENIAY, LMK GiA AL TT BE 2 1 B Bl
BRAE B =240 S

o — SRt ALY [RAH (3 BRAEL BE ML 7 A (A7 BRAE, A7 IRAE T
) BRIFEFEP IR BERAIRIR;

o —SRUMAFGIRMEMATHMLARS. (=AMRRERS: £
FMEIZ A%, EALISE, HIRB 3.

W PSR P K E AR AT B O THEN LA B B T

ym 3
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