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FEIAIE R R GE T, — DAE B 1) A 242 1 SO R T3 PrisaEs s,
TR MR E BCE R AT IS E R N EN S0 I P MU R AR e dg . H AT, X A i
XN B8 7 2 N AL 2 ) 3 R R TS Y L PRC JE ARSI B ), 0T A RO i N RN /i
AL I FEALE R IR 181, 5G T A3 SOak N (0 5528 I PP LBRPER A S s il 1, nf 1t LA A A 1Y)
SIS FERLAOBF IE P 101, R S0 i FE L BOa i N s () S SR Bese ks HY T 4 i 8 A AE A 78
I W EELRATIF RS H A MU (2 Hh T ] i R 8. (R I S SR 40 H A 48 R AP AE — € [k
Br: — 5, PrstiHE IS RS AR R 2, 2P RIS TR AN G 5T,
T AR RS I BT 2 3 ) e L) A, 430 T R LB B B AN R T A 5L 45 T HRSEEL.

FERE R B BBl A S R G R RO T — M ESER A, Tk, thE ARG AR AR S 112 18)
PEH T — R AR —— HEPEEKE A (semi-tensor product, STP). A5k B A T 1440
A e ) A B B 1, ke D 2 FH B A7 7 P 2 (14171 pegri 0 118200 DK AT B B L 121280 S 450,
SCHR [24,25] 73 BRI RIAE R 5K EAR VA MR O T 4N SRS RS20 I PR LR /a1 2R S B e e AL
P AL A, SCHR [26] 45 T 5o i e HURE RS DL G A% i SR R X SR A 5 3%, T SCRiR [27, 28]
VUL P R 2 Sk AR VAR ok 1 T 5GSBS 2 I P L AR R R DG G T e e et 5 5] SRR A
B, H AT — R a5 R 7 3SR R AT A SSONT N 0 57 20 I e L AR 42 ) 0 . A SR AR P R R
EEAPORAA Rt A SO S N PR 5720 I8 e LR 2]l . A SCR 2 BT s i F

(1) FURFEREESREAR, 25 1A SOSN8 5720 1 e ML A 2 G i ARECR R

(2) MRS ER THE R, KORBER TR
(3) BRHY 14245 (L A2 S M HE R ANy ) 235 KRB P R AR SR, WRUMEL SRR R B RIS B, SRR i
HTAE 5 TS BL.

ASCHIEERIN: 55 2 TN T R T AR KB AR A SO S ) 5720 I P MLA R At R, 56 3
TE g T EOS N 5D N PP LRARECR R U, BB i 1 A SO N B 5 2D I R AL
P el O BEUE TR S A AR PR IR SE, Songa th T A RGBS, 5 4 1 BAR S
] PEAR SC BT A FR R 25 SR (K BRI AT . 5 5 AT A ST T R4

2 EARER

2.1 fFSithA
o Mopn FT5 m x 0 USRI R R E
o R FRSHOR n 45 BT RS
o Col; (M) FaMERE M (955 j 5, Col(M) FaMEHE M I FIBTRI  E4
o &) = Coly(I,), b I, NHAIHERE. 4 52 = [0,0,...,0]".
N

n

o A, =18k ... 0"} A, = {00,8L, ... 00

e 1, e R" ZIRTLERAEN 1 BT,

o 47 Col(M) C A, (FHRHh, Col(M) C A,,), WFR M € Mix, NZEFEE FHRH, | S8
Y. FH Lopsn (RN, £,,,) RN mox n 4EZRAERE (FARHL, T~ SOB AR FE) FTig L4

o MR M€ Lyun FARNHY, L), MEHFRRN M = [68,..., 6], FHEHN M = 6pli1, i, - - i),
Heri, e{0,1,....m}hk=1,2,...,n
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2.2 FEPEHIKEFR

AN AR SR 2 B 1) — 56 T R ok AR T8 . A O R~k E A R4 iR
JLSCHR [12].

EM1 (12]) & A€ Muyxn, B € Myyy, WHEFE A 5 B k& E R

AxB=(A®1,,)(B®1,), (1)

Hrp t =lem(n,p) Fox n Al p RN AREE. @ R Kronecker .

Mn=plf, H Ax B=AB, MIFEMEKEF O IHEFEFERIRAIHET. AT, FEAGHRIRE K
RO T AR “x 7.

EX2 ([12]) SHHERE Wi o) N mn x mn FEFE, Fog SCITH:

Wimn = 0mn [Lm+1,...,(n=1)m+1,2,m+2,...(n— 1)m+2,m,2m,...,nm]. (2)

Hom=nlf, 8 Wy n = Wi
51EE1 ([12]) WK X eR™, Y € R™, M Wi, ) XY =YX, W, )Y X = XY
31382 ([12]) & A € Muyxn,
(1) & X eR M AX = X(I; ® A);
2) 4 X eR, M XA= (I, ® A)X.
51383 ([12]) ¥ @, = diag[d},d2,...,67] AR T

X2=9,X, (3)

Hit X e A,.
SIEBA ([25)) B O, x G w8 — Oy AEHSI R AR L
5%1 =5, X 5£nl><m2><-~><7nt’i =1,2,....t, Hfh S; e LW

Si = 1m1><~~><mi,1 X Imi & 1m1~+1><~~><mt. (4)

2.3 HHBEMNMANR LI FH

AN A SOR L B 2T 8 RO N 1 325 B e AL AR — S S A I

DR A s A ONHRTN., BT LA B SO RN ) S 20 B P WL NS B2 A A — RO IE RSN, 1B
BT SOATEE; —Ft S BO RN, SO R AT E. ST ¥ = (Ax B, Y, X, 20, f, h)
RN A BTN TP, b A RIEERIAL, B ABCTRANGE, Y S, X RS
B wg NHIGEIRE, f: X x AxB =X Ml h: X x Ax B—Y 53R & B fr & 5 H. 52
X

Th+1 :f(;vk,(uk7wk))7 Yk :h(xk,(uk,wk)), k:071,2,..., (5)

Hr e, HIEFHANZE, w, ABOTANL R, y, NIRE o FX LR . A S 3 B0 500 B0
NN RS FBFNL, B Y = X H oy =21,k =0,1,2,.. ..

FERE f(z, (u,w)) AES, MFHK=T0H (2, (u,w)) HER. & flo, (uw,w) = =, WA BT
(z, (u,w)) AfEEHE, BRI AEBEE. SN (u,w) RIFAER, FaE QA B RFAL, T
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[
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1 HFHHEMBANNFARES 3o

Figure 1 The closed-loop system ¥,o with an adversarial input

BAHGRRAE —RINKPREHER o1 = f(2, (u,w)), 22 = f(o1, (0,w)),.... BFEERE o 17 2/ =
F@ (u,w)) B, REHER 01 = (2, (u,w)), 22 = fla1, (u,w)),... FEIL K2 82 KT (u,0) BT
— R, AAAFERZFERPIRE o I, WEEBK —BE#T T £, WNHR=754 (2, (u,w) A—D
ToPRIR. A3 5 IR ) S P I P HLANEL & TG R IR,

E XA P S MR EREERRECN s(z, (uv,w) = o/, o/ AN 2 T (w,w) BT
—RERES. URERSEBRERE S KPREFE R R8Ok T LS 200 B A8 € 722 i Fel, B
S, = (A x B,Y, X, z0,5,h).

2B I LS A — AN B A RPN UL, ENT R T — R RS H S For
B 1 sl ¢ SRR SO N R N R S AR TR B PR R G BT R AL
(R BE ANEL 3 T PRI e 282 I PR AL IR Bl AT 9 5 42 IR AR R B AT, B S 22 I e L el e 28
B PP HL R GAEIS AT B 2 N R REEALRE, RSB EA G R AR, ISR ERE R,
BN AR R, P DR BT S ER I, A S b LA TR e A, i Es A fe R

3 HEBITENN R L LR REREESI 7 A

3.1 HABMNEMANZRSRFIHNRERTEE

AN AT SO N BN SRS B R B I AL AR R .

E & AT RN RS AL S, HIEERAER A = {u,uz,...,up}, BOTHEIANEN B =
(Wi, way .y we b, BN X = {z1, 20, .., 20} IE S uy, wy 5 x; MFEEERN 68 (1 <k <m),
59 (1<g<q) M, A<i<n), LN up ~ 6k, wy~ 69, 2 ~ 68, MES A BE X KIIRINFL A,
Ay 5 AL UL, BROS (i, (ur,wg)) ATHERIRY (65, (65,,69)) 1 <i<n,1<k<m,1<g<q). £
A ERIEE ST, [R5 8 0] U R R R & NN L B ARES AR &,

AR e = B S AR SR DL B A N AR B DR A AR B (1 1) 0, T DAASH 37 A BOW N 535 1)
FEHL S RTHIN (up, wy) FPARSHERBIERE pr—bm+g ¢ R (8 LR

(6)

F-(k-il)erg _ { 1, 5711 = f(&im (67131763))7
Js ; 4
0, &, # [, (05,,09)).

HA BT AR SL P S BPIRESERBEHERE N F = [F1 P2, Fm9) e Rromna, SR,
R RARE SCHE AT SO F N (10 5725 I FR LR TR S e A2 R U R e WS R SRR I e ANR T
HH R B S SRR R A
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5135 R F ONHA BRIl S FPIRESHER SR, (1) NGRS, W =
HIZhAAT R G 25 538

z(t+1) = Fu(t)w(t)z(t), (7)
Forf a(t), w(t) AT w(t) 2 BAIRAS « IEH i N FNEC 3 N 1) = 2K

3.2 HHBIMNMANI LI FLIES DB RN FE S

SCHR [0] $ H T A O N 14 7 0 I P WA ol R PR SRR AE ) 78 43 AL B2 S A D T B Tt Al
AT N 1 AP I PP LR B AR R R, AR /N5 S SOk [9] Pfs 2A — Lo 3 45 L.

RN PRSI BI FHL S = (A x B, X, X, 20, f, h), & XELS Uap(x) C Ax B, HuE Nk
B 5IRE o BAa A E M EMATHR. B TEE Usp, 70 0E ST IEERMAE A MEHRA
& B MW TN ES:

Us(z,w) ={u € A|(u,w) € Uap(z) }, (8)
Up(z,u) = {w € B|(u,w) € Uap(z)}. (9)

HET4 (8) A1 (9), ST [9] 4 BILE T 6 TIERHINSE A RIECHRNLE B A 42 I 1 5 3L
EX3 ([9)) X = {w1,00,..., a0} BRI S HPREE, &L n x n FFE Ka(S,w) N
THROTRIN w FIER &3, HITEE O BE v e A 13 w € Up(z,v) JFHAFERAN
e=eper--ep 1 MFIMEARIRE o TRERIE 25, Hd e = (up,w), k=0,1,...,p— 1, W4 (4,5)
TLEN Kaij(S,w) = 1; BE Ka(3,w) = 0. X nxn i Ka(2, B) ARTHAHANE B HIE
HARERE. LT SO M SIRE 2, RS A S O w B K (S,w) = 1B, 4
Kaij(Z,B) = 1; 54 Ka(%, B) = 0.

ENA (7)) X nxn i Kp(S,w) AT EOHN o B0 B, HoeEE U: MA7E
€ Ua(zs,w) (' € B H o' #w) 1 2j = sz, (u,w)) B, 2 Kpiy(X,0) = L B0 Kpy(8,0) = 0.

KIS AL S = (A x B, X, X, 20, £, h) N HEHHIN w € B BRI RS F5
EFEHL. BB S = (A4, X, X, 20, 5', h) JPRAS S S IRSEMIT, HALES 3 10 TEH M7 1R
AT BOHN SR I R DU SR 10 5725 6T L 2 T LA A g B DG I e
HERBUE Do 5 Y BB, IEREREHBRET Se 5 2 RRA/MbiTA%H. ET
R TSR AR 5 S, SCHR (9] AR IR UL A BB AR A th T A AT BN B\ B 25 L 1 1 L
FEO AL 1 5 53 A B2

31#6 ([9]) 4 T = (A x B, X, X 20, f.h) AHAHNHIN w € B RN AR B FHL.
S = (A, X, X' w0, s/, h) HPRAHES S RAHEME, HIALES 0 TE 5SS 000 T 075 4% A
A

(1) TEAERE R C AR RSE Do, SRBIFHL SRR FEN 0, K Do Lk
ESiYH

(2) BHMEMEHLE Ka(S,B) > K(Y), i K(3) NSRS FE S WIER &2, 30
Ka(S,0) > KB(S,0), Yo € B, b KJ(Z,w) N ASERE Kp(2,w) KFE.
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3.3 HHBXMABIF L LRSI B A 247

AN R A C RN, BARrfaslid iz

BTN AL S A S BHIIRIRE N 2o = oy, WAEHIR C BIWIIRIRE N © = &, RIBE 1+
(11 AR RG240 B T DA B35 88 © R R R

(1) HIERHRAFER AT AL v M w B, BB S R 2RERE o (2),0) = o).
AR C AEAE, HCHR [9] AR, AEEMIAN TR E v = wiug - up 15 s(u,wy, 2;) = ;.

(2) FfEFERE C RIS PR v = wiug - wy, BRI EZRE fo(zi,v,w, &) =&, IF
LS N yo = ho(xi,v,w,6) = uy. JFPHFHL S RN yo = ho(zi,v,w, &) = uy B, E
B RAE— RPIRPIRESH A2, B (@i, ye), fo(fe(ziyo), ye), - s(xi,yo) = s(xi,ur) = ', FIFI
fe(@iye), fs(fe(@ye)), .. at. JFBFENL S RARSEBI, RIEEARER R R B S8
flds C BPIREAZ, I © FIAREIRE s(zi,yo) = s(wi, ) = ot B, SFHEHEE 2T RS
AT HE R A H

(3) EE AR (2), WG C B RKE— RIIBPREFHEL R H TR/ u = uug - - - uy, MRD
B FPHL S HRARME G C M R A — R PPIRES . XA BN — BT T L ER RPN
Ml S BARRERE 2t = s(w,u) = z;.

MR DL B Hr il as ¢ mR A O AR, o DA R RIS C MRS oR ORI H pR B R

fC(anvawpvgl) = 527
fC($k7’U7wp,€k+1) = £k+27 k= 1a2a"'at_1a (10)

fC(xtavawp7€t+l) = 517

Yyc = hC(xovvvaa€2) = ula

Yyc = hC(fL'O7’U,wp,£k+2) = uk+17 k= 1727 cee 7t - 17 (11)

yo = ho (2% v,w,, &) == ul.

3.4 EHISE C BRTSE B EMFERERE S RE R EE X

R FHIL S A m NIEERA, ¢ DEOTRAN 0 SRS, RENFEL S A m N
Al AR, B35 S RPRESER R BT LIS A B A MR Fy = [FHF2,... FM). X}
YO HHEREIREHR ¢ (2,0) = 25, WTRARBIRFMA TR u = wyug - up 15 50}, 00, u) =
s'(64,6k), a =1,2,...,q. REHRBIF L TR R IR R EERN to, WHEHISS C A ¢ :=to +1 MR
B WY MEREEBEIEREN Fy = [FL, F2, .. F7), WAL HsH 8 O KPR RS 45 F o
Fo = (& F2. ..., FL™) RV G900 He — [HD, HE. ... Y™ (R S

AR YL S 0 IR, FrLEE 15 2 B0 2 d N TR K ENEL n—1, )\
MAER S C RENART n. XFAEEE C H nmg M, FTUEE 15 2 R E&REA
It man?.
3.5 HNRGEHKHETRR

AN 1 PRAR RS S0 MRS S KIREN 2(t) = (zo(t), zs(t)), RIEHFEFTK
BRARE 2(t) = zo(t)os(t) BT R T e,
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Bk 1 Bl o WREHR M BE R E Sk

ST 1. W TR S WRREAE (64,08, BE = ARG (6,068,0k,) W2 s(6%,89,08) = s'(6%,8k,), W4
Coll(Fgfl)n+(k71)m+g) _ 5t1

S 2. T 2 WERRS (01, 08,), MBAFAEBGHAN 6 43 s(58,69 ,6%) # s (5, 6%,), WAL LAHR B 55 i g N 775
Hou= 0016,k B s(61,69 ,u) = 5'(51,65,) I ELIBBCRILIRA A 67 672, 60, WA

Coll(FC(Ji—l)mqu(k—l)qug’) =62,

CO]Q(Fgl—l)mq+(k—1)q+g/) _ 53,7

(12)

Colt(thﬂ—1)mq+(k—1)q+g ) = 5;#17

Coly i1 (Fért—l)mq+(k—l)Q+9/) _ 52, )

HIE 3. HEHIR O FIRSHBEMIEE Fo = [FL, F2,... F2™) BIBREARGCD I 1R 2 RE, W4 IX 28] &N
2 [H] & 59,

HiE 2 BHIEE o B SR AERE IR E Bk

H8 1. T REE RN s RRREAE (6%, 0k), B © FAEHE (65,689,685 WL s(5%,89,6k,) = (84,68, M4
Coll(Hgfl)"+(k?*1)m+g) — 5.’%

S 2. W T 5 AR (8%, 6%,), WRAFEHTHN 67 1575 s(5%,08 ,65,) # s/ (8%, 5k,), WA LA B STHN 545
o= OWoiE oy R (81,68 u) = &'(55,8%,) I ELIR R IRZS Ay ot 652, 60, TUIAT

COIQ(Hé?il)mq‘Hkil)qug/) _ &lﬁl“

COIQ(H(Crl—1)mq+(k—1)q+g’) sh

0013(Hg-171)mq+(k71)q+gl) _ 5%7

Colg(ng—l)mq+(k—l)q+g/) 5%, (13)

COlt+1(Hgt71_l)mq+(k_1)q+g ) — 5’#“

Colgypq (HGtDmatk=Data’y _ sle.

Coll(Hgﬁl)qukfl)qw’) — sl

B 3. R ¢ WILEWIERE Ho = [HE, HE, ..., HZ™) BRI SRR 1 A 2 WAE, W) & iX Led m &y %
M 60,

FE1 R RS 50 KRS RN
z(t+1)=zct+ Daes(t+1) = Gut)w(t)zc(t)zs(t) = Gu(t)w(t)x(t), (14)

;H\:EP G = FC (Inmqt & FEH(Inmq & FE)q)nmq)(pnmth[t,nnLq] (Itnm ® (I)q)W[7qu7tn] (Imqt ® (I)n)
IERR W 1 IS 1 5 2, B EHERIEE C BUIRA AL & B gt R B T

re(t+1) = Feys(t)v(t)w(t)zc(t), yo(t) = Heys(t — Dov(t — Dw(t — 1)zc(t), (15)
RSP EAL S B H R ERR S H A s
re(t+1) = Feyo(t + Nw(t)zs(t), ys(t) = (1), (16)

LT a(t) = (ze(t), ox(t), BATTURIME AL 0 WHEBEKA

x(t+1)=zc(t+as(t+1)
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B2 REFLHEFI S Bl 3 REFLHFH X

Figure 2 The stable asynchronous sequential machine X Figure 3 The stable asynchronous sequential machine 3’

= Feys(t)v(t)w(t)zc(t) Fryc(t + Dw(t)zs(t)
= Feys(t)v(t)w(t)zc(t) FsHoys(t)v(tw(t)ze(t + Dw(t)zs(t)
Jac(t)FsHers(t)v(t)w(t) Fors(t)v(t)w(t)zo (tw(t) s (t)
Yec(t)FrHe(Lmxnxg ®@ Fo)Pmngzs (B)v(t)w(t)ze (t)w(t)zs ()
= Fo(Imngt ® Fs(Imng ® F&)Prmng) Prmngt Wit mng @ () zs (£)v(t)@qw(t)zs (t)
= Fo(Imngt ® Fs(Inng ® F&)Pmng) Pmngt Wit mng (Lmnt @ @) Wimgni)
X (Imgt ® @ )v(t)w(t)zo(t)zs(t), (17)
MITTAT LS 258 B 1 BRAL.
MY 1 A5 B 4, 7T DA 20 R R
#iL1 FEHAN ARG S0 BRELE 2(t) = 2c(t)zs(t), A

xc(t) = S x x(t), (18)
Z‘E(If) = 52 X x(t), (19)
He 8y =L o1, So=[I,,...,1,).

——
t

4 MRS

AR K 2 B R A SC T Hh R T SRV R T B TR R R AT 0
FEE 2 PRIRERLHFN S = (A x B, X, X, x0,s,h) ME 3 FHIFER LR FH ¥ =
(A, X, X, zp,s, 1), b A = {a,b,c,d} N T IEEWMAEM S FEINE, B = {o, 8} NHTHINLE,
X = {a1, 32,25, x4} WIREE. TaE TP FHL S M E AL s M RE » 0K 1 o, fag
SN FPAL X RS A A o/ AU BR B B InER 2 IR,
MRPER 1A 2 AT E] © M S R E R SHIFERE 2 AN Fy = 64[2,2,0,2,0,2,2,2,4,4,0,4,0,
3,3,3,0,3,3,3,0,2,0,2,1,1,4,4,0,0,4,4] M F, =042,2,2,2,4,3,3,4,0,2,3,3,1,4,4,4]. H3CHK [9] 7T
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x1 FERFN D AIRER R BN L R
Table 1 The stable transition functions and output functions of machine ¥
s (a,0) (a, B) (b, @) (b, 8) (c; @) (c, B) (c,) (d,B) h X
x1 T2 - T4 - - - x1 - Z1 Z1
T2 T2 T2 T4 3 3 T2 1 - T2 T2
T3 - T2 - 3 3 - T4 T4 T3 3
T4 T2 T2 T4 3 3 - T4 T4 T4 T4
R 2 REFF S W ERERRBNE LR
Table 2 The stable transition functions and output functions of machine ¥’
s’ a b c d 1% X
1 xo x4 — T 1 1
T2 x2 T3 x2 T4 ) x2
T3 - 3 x3 T4 3 z3
T4 x2 T4 x3 T4 T4 T4

kN, EHES C FAAE. RAEEE 1 5 2 HIBIEH g O HURA AL 45 M FERE A th S5 A RERE. PR 92 2=

CAFHE, FTU T X B2 E

IREHRE s (0%, 04, ) = of, #AT AR B 4 N7 7

543 (04,05, 09) = &) M AT LAAF B0 R (K1 RIEEFS R 2

Y 8'(65,01) =03, X :s(0,05,05) =05;

Y1 8'(6;,07) =65, X s(84,03,0%) = 04

¥ '(01,04) = 01, X :s(04,0%,03) = 05

X' 8'(03,01) = 0%, X (67,04, 03) = 03

X' 8'(03,07) = 61, X (67,03, 03) = 3

Y s(63,83) =83, X :s(03,05,05) = 0%;
¥ 5/(5152) = 52: X 5(5Za54a 8y) = 83, s(63,03,03) = 52
30 8'(83,05) = 0F, 210,05, %) =41, (54,54,52) 8%
31 8'(03,61) = 04, B:s(63,01,02) = 01, s(03,64,03) = dy;
0 '(03,01) = 07, X :s(61,05,05) = 67, s(61,05,03) = o3
0 '(03,07) = 04, X1 s(61,07,05) = 61, s(61,03,03) = oy
2 s'(05,07) = 03, Xt s(01,63,03) = 3, s(03,03,05) = 63;
S0 s(64,68) = 64, S s(54,64,08) = 64, s(61,61,63) = 6%
' s'(03,01) = 07, X:s(07,05,05) = 67, s(67,05,03) = o3

M T RPIRAS e 72 B0 30T DU HY e KIS 34 8 R D 2, e A% ©

5t

$U:U1U2"'Ut/

—3f 3 MR

AAE. THAFGIVIISEE 1A 2 MHRE BE Y RIRERmALS (67, 01), MT#ESRA 6, A
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5(03,63,03) = & (63,6) = o1, NTARIEFIE 1 47 Coly FE® = 63, Coly FE! = 63, iRAGHIE 2 47 Coloa HE =
62, Coly H3' = 62, Coly HE' = 6%; XTI 62, H s((02,02,03),62,02) = s'(63,64) = &1, AHRLHI A [H]
RN 63, MR SE 145 Coly FLS = 62, Colo F2 = 63, Colz F22 = 63, iR¥EH L 2 Col HES = 63
Coly H2! = 62, Colg HZ = 64, Cols HE? = 54, Col, H3? = 6%,
B 1A 2, WA B HIEE O (% F% 25 10 RE R RN 4 HH 285 46 6 R 23 70 h
Fe = 85[1,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,1,0,0,1,0,0,2,0,0,2,0,0,1,0,0,1,0,0,2,0,
0,2,0,0,0,0,0,1,0,0,1,1,0,1,1,0,1,1,0,1,1,0,1,0,0,1,3,0,1,0,0,1,0,0,1,1,0,1,0,0, 2,0, 0,2,
0,0,1,1,0,1,0,3];
He = 64[1,0,0,0,0,0,2,0,0,0,0,0,0,0,0,0,0,0,4,0,0,0,0,0,1,0,0,1,0,0,0,3,0,0,3,0,1,0,0,3,0,0,0, 2,
0,0,2,0,0,0,0,1,0,0,3,3,0,2,2,0,3,3,0,2,2,0,4,0,0,4,2,4,1,0,0,1,0,0,2,2,0,4,0,0,0, 3, 0,0,
2,0,2,2,0,4,0,4].

HUERE 1 AR 1 ARG RIFIA RSE O HPIRSHAS s O a1 28 80

z(t+1)=zct+ as(t+1)
= Fo(loe @ FxH(I32 @ F)®30)Pos W3 391 (Lag @ o) Wig 12)(T24 @ Py)v(t)w(t)x(t),
y(t) = ys(t) = 2=(t) = Sax(t), Sz = [I4, 14, L4].

HHER 1 1938 20(2) = S12(2), 51 = I © 14, F K, BEBIRAERT BTHE RIS ML PE. B b
WFIL S 5 3 MPEIRER 67, X BEARD £ BIERRA 67, W X7 BIF2 R #8 o 20T &0
FolHere 2R R of. FHRBITBOT KA RGHPRSH LR HaBm P Pl S Ao
ANA 6%, REFIEF N 0F BN 05 A2, W UG BT RE AN

z(2) = zc(2)z5(2)
= Fo(los @ FH(I32 @ F)®32)Pos W3 39)(1as @ P2)Wig 12)(I24 ® P4)v(1)w(1)z(1)
= Fo(los ® FsH(I32 ® F)®32)Pos W3 32) (Ias ® P2)Wis 12)(I24 ® $4)6) 636503
= 0,

y(2) = wx(2) = Sha(2) = 43,

zc(2) = S12(2) = 63;

z(3) = zc(3)z=(3)
= Fo(los @ FeH (I3 @ F)®32)Pos W3 39) (118 @ Po)Wig 12)(124 @ P4)v(2)w(2)2(2)
= Fo(Ios ® FsH(I32 ® F)®32)PosWi3 32) (Ius © P2)Wis 12)(I24 ® $4)6) 656504
= 541127

y(3) = 25(3) = S2x(3) = 44,

2o (3) = S12(3) = 83;
z(4) = zc(4)rs(4)
Fo(los @ FsH (I3 ® F)®32)Pos W3 3 (I1s @ P2)Wis 12) (124 @ P4)v(3)w(3)z(3)
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= Fo(los @ FsH(Isy ® F)®32)PosWis 39 (1as © 2)Wis 19)(T24 @ $4)6) 630365
= dia
y(4) = zs(4) = Saz(4) = 53’
zo(4) = S1z(4) = 5%-
HH AR RGN R 1 12 ) DUAR B R Gl e B IR FR R IR, HULI S AR R 6 B RSGH
e o). BEFE RN PIL S MBS 62 I, TREFIEF R 07 MBI 62 AL,
R RGN
z(2) = zc(2)z5(2)
= Fo(Ios ® FH (I3 @ F)®32)Pos W3 39) (118 @ P2) Wi 12)(124 @ P4)v(1)w(1)2(1)
= Fo(Ios ® FuH(Isy @ F)®3)PosWis 32 (Lus @ ©2)Wis 1) (Toa ® P4)6y 850303
=015,
y(2) = 25(2) = S2x(2) = &3,
zc(2) = S12(2) = 03;

2(3) = zc(3)7=(3)
= Fo(los @ FeH (I3 ® F)®32)Pos W3 32)(1as @ P2)Wig 12](L24 @ P4)v(2)w(2)2(2)
= Fo(los @ FsH(Isy ® F)®32)PosWis 30 (1as @ 2)Wis 19)(T24 @ $4)6) 65 0565
=413,

y(3) = 25(3) = S2x(3) = 4y,

zc(3) = S12(3) = 83;
z(4) = zc(4)rs(4)
Fo(Ios @ FoH(I32 @ F)®32)Pos W3 3] (Ias @ P2)Wig 12) (124 @ Py)v(3)w(3)x(3)
= Fo(Ios ® FsH(I32 ® F)®32)Pos W3 32) (Ius @ P2)Wis 12)(I24 ® $4)6) 655504
= 0,
y(4) = w5 (4) = Spa(4) = 43,
zc(4) = S1x(4) = &3;
z(5) = zc(5)zs(5)
= Fo(lgs @ FH(I32 @ F)®32)PosWi3 39)(Las @ P2)Wig 12)(I24 @ Pa)v(4)w(4)z(4)
Fo(los ® FsH (Isy ® F)®35)PosWis 32) (Ias ® P2)Wis 12)(Joa ® P4)8) 65 0304
= dia
y(5) = wx(5) = Sex(5) = 43,
zc(5) = S1z(5) = 03.
[FFE, B EIR R DR S MBI 63 I, BA I R GG B IR R SRS, B
Ly S A RSN of, BN RGFRIFE M A 61, NI AT AR BB oF i 6 28 B 8 [ 15 3 R4
Sic 5% BN AT RS S, RIS A SO N B 3 2D I FR AL S AR i () R e
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5 518

AR TR R BRI, WEFC 1A O S N (0 5725 I P LA 42 1l [ . 1 AR P~ 5K
R, E sy T A SO RN R D I LIRS R R S HERE. ISR 2 FE, W AAIAR
HOY AR AR WA BSOS 522 I Fe LI S 84T 8. #:55, MR ILRE ) B AR, 704 1 Bk
PR IEARE IR 45 7 P2 2 BRIRAS A% S A JE R At 5 M B IR S0, SRR 40t T AN TR
RGENFATNHAREERTR, ONE SRR R R IE AR, B DURT AR v S5O0 8% T B PRase o ok
i AR RGHPIRS RS RE. foc)m PR AR SEB DR T P f 50 i AR A I R R IR AIE 1 P 2
WEE R IER T

ASCFR I 5P I FP USRI AR, BAT € I RBRYE, BT DARK I TARR 25 B8 A7 ot da A
YN /o S 2D i PR AL VLG DR 53 b, SRR A A (0 5 20 I P L AT e 2 B3 A BRI, Pl ABIE T
YA SO N K B 5 T0 BRIA AR 7 22 I P AL 42 At 1) et A o 0 S

SE 0k
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Control of asynchronous sequential machine with adversarial in-
put based on the semi-tensor product of matrices

Zenggiang CHEN23" | Jingjing WANG!2, Xiaoguang HAN2? & Qing ZHANG?
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3. College of Science, Civil Aviation University of China, Tiangin 300300, China

* Corresponding author. E-mail: chenzq@nankai.edu.cn

Abstract In this study, we investigate the control problem of asynchronous sequential machine with adversarial
input by using the semi-tensor product (STP) of matrices. First, by applying the STP of matrices, a new algebraic
expression of asynchronous sequential machines with an adversarial input is deduced. Next, by investigating the
control process, the controller with the minimal state set is designed, and two algorithms for assigning the values
to the state transition structure matrix and the output structure matrix of the controller are proposed. Then,
in the framework of the algebraic expression of the asynchronous sequential machines with adversarial input and
two proposed algorithms, an algebra expression of the closed-loop system dynamic is established; the theoretical
results are verified by using this algebra expression. Finally, an example is presented to illustrate the validity and
application of the proposed approach.

Keywords adversarial input, asynchronous sequential machine, semi-tensor product of matrices, controller,

transition structure matrix, output structure matrix
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