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w1 (t+1) = fi(zi(t), 22(b), - 2a(t)),
xg(t + ].) = fz(xl(t),xg(t), . ,xn(t)),

xn(t + 1) = fn(xl(t)7x2(t)7 S 73371(75))7

b2 (t) € {0,1},i=1,2,...,n /& Boolean M%&) n N5 S AE t NZIFPRES, filwr (1), 22(t), ..., 2a(t)),
i=1,2,...,n 7& n JG Boolean PR%{.

X} Boolean WIZEHIATFE, E N AN EEIR L T2 ARBI % RIE RS 7 b 40 g A0 5 K] F
RO IREE I 20484 FAT BENLYE, SCRik [5] R Bayes J5 15 MRS A BEBF 78 17 55 R 2 X 48 1 PR R,
5 DR 0A) 26 1) 47 1) A B G e g a3 240 i R0 8 DR A IR O BB A L. T E 7 Boolean W25, A
Boolean P48 IRPIRZS J7 F2 Kk, W] AR 28 1O A AN B ORI BR ER B~100 S5 4 o F 2 2060 Y 2% 1)
AN R AR ER IR, FEASBEME— 1 52 FT ST B Boolean W%, SCHR [11,12] BFFT T Wifa] MASEh 5 R0 4R FR
IR G B — AR Z. D9 T B SRR EE HH IR Y Boolean 2%, SCHR [13] AIFST 1 Be#HR
R 28 A5 250 BT 5 S 0 A N S S ons ) RN R BR . SCHR [14] R 28 &5 i 2 R SRR FREA T —
A SOV I 2% () G738 SCRR [15] 45t T —F REVEAL 509%, R ZCIRES B FE R 2% R IR
Boolean M%%. SCHk [11] Sudt T REVEAL 5032, FUEBFHFRE —NF n AN45 AU Boolean W45 75 B A
O(log n) ZH% N % H £ ¥

FEACRAESTHR [16] HhER 7R sk B A — 8o TR, AR 5K 2, Boolean M4
AL R M B HUR G, B X 2R M B LR G AR B T OB M A R P A 2 i 195100 AR DG
il 1] g (7181 3 — VRO IB B R PIRAS 28] 75 7%, S5 R FRAS 2% (8] D5 V2t 738 8 3 i ke ) A 71
FHETZG M, B8 T KA EEMER SR, TR TIRES S EAEZE T 4 R e, 3
Bk [19~21] 3 M MAFEI AR FE T Boolean M 4% RS I REEME L BEMLIE ] . Boolean 4 il % 4% [ %
e ) [ RELAE SCHR (22, 23] HHEAT THRIFFE. SCHR [24) € LT A 5 Boolean 4% R 41, FETEARAS 25 AIHESE
NEEAT THEFL. SCHER [25,26] BFST T BEHL Boolean 1 il b 45 [ A3 i€ 11 55 e 1.

=BT Boolean ¥ il 4% M FREN ¥ Boolean #4514, HA RN 5. SCHR [27) F2H 7 BT
AR DAARE PR 53 I AT A2 ) 9 A FIAL AR 2R ) R, e — I Z0 AFILER PRS2 0 5 1, TALAR Y
MR B EA kBN ARBLEEFPIRA. ¥ {z(0), z(1),...} FRPLEMIER, {y(0),y(1),...} #RES
5 ONHISEmE, WIHLAS i SEng o] LU A

x(t+1)=f(zt—k+1),yt—k+1),...,2(),y(t)). (2)
SCHR [27) IER T NIRRT R N Bk BAALE £, BT

yt+1) = falzt —k+1),y(t —k+1),...,2(t),y(t)). (3)
FERXAMEA T 138 7 25 N SHLE TR % B S s 2.

z(t+1)=fulz@t—k+1),yt —k+1),...,2(t),y(t)),
y(t+ 1) = fh($(t —k+ l)ay(t —k+ 1)7 s 7x(t)ay(t))v

#5 (4) #ER— k B Boolean M.
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SCHR [28] A R Boolean M 4% FIAEUIE R, MAREA FERH FL T =BT Boolean 25 ¥z FREAVE .
=il Boolean 2% i1~ HAT Iy, 145 FORAS AL BAT B SR 0%, AR & 8 E H Boolean
DR 265 (PR AS 2 1] 75325 1280 SKBI A e IR PR IR S PR AN . STk [29~31) W18 T 5 A RSB Boolean
b1 X 2 B AR DS R A . SCHR [32] R 530 /12541 Artin-Mazur Zeta FI#HMNETE 5 T Boolean ¥4
25 P SR IR AN EFT Boolean 42 ill I 265 ) # H1J.

2R R, A SCHRES 30 15 70 50 B AT — MR RSB Boolean 125 il 9 25 A BR 24 45 74 LA
S R AR FEAET 7 OCHR [32] BOEEIR, UEW] TAEE S k Bt Boolean #5248 #R A2 k
HIRMEAL RS, FATH Artin-Mazur Zeta BRET 785 FT Boolean W24 FIHR BRI E, I H 1 #M 15
F =B Boolean il X 45 (1 AH A5 &

AR 2 2 RS A B 2 TR sk SRR O TAE. 28 3 et
Boolean 1%l 2% FHFER N, (E55 4 WSS EHE RS 5 R RGMN R, FFUEH T & By
BHAGR k DHRUBALRS, HE R 2 ERAN Zeta BREL M Zeta BRETH A E] B Boolean
WRZE R IRIAA S, 28 5 W TRTEN T &Y Boolean 4l W& RN, &G — 52— LS4,

2 EEIE

NBURTTAE, ASCH B EEART 5 5 R 01T
D={0~F1~T}
Ipe=001--- 17T

S %%ﬁ;ﬁﬁi I, 3 i 1
A, ={6i=1,....,n}, A= Ay;
o SElE L € M,y FRNBEIERE, Hd Col(L) C A, &K n x r BHIEMERESN Ly BHEAME
L=[68,8%2,..., 8] iN L =68,li1, i, ..., 0);
o 5l B € M, x, FRN Boolean HiFE, HH b;; € D, 224K n x r Boolean HiFEMESHN Bhxr;
o WHIFE A= (ai;) € Bixns B = (bij) € Bixn, X AV B = (ai; V byj).
AR Z A B A 5 1) &SI, AEA G RIBFEIEOLT, 1~ 63, 0~ 63, D~ A,

2.1 FERERIFEKEF

ASCHI B 1 EAE THA SR [16] 4 AR REE oK E AR, ARSOITIRI “FIKRER IR/
SREEAR. X Ef 7 fa] B el ok B AR e SO B MR, £ B PR AR R R, IR R A R
MFRRILS.

EX 1M 1B X 02 np AT, Y 2 p SRR, B X SS0mip B X1 XP (R 1xn
4). s X MEE Y FEKER (STP) & XN

()

XxY=YF Xy eR",
YT x XT =3P (X7 € R,

2. W A€ Myyxn, BE Myyxy. WEHR n 2 p BIKT, Bl nt =p, ieH A <, B, 8 p & n KIHF, B
n =pt, N A=, B, W UM A fl B BEskERN € = Ax B, i ¢ B m x ¢ FH. id
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C = (CY),
C"=A"%xB;, i=1,....m, j=1,...,q,

Hrh AT j2 AW i 17, B; & B KI5 j 4.
F 1 W A€ Myxs, B € Mgy, fEGHIHERIN AB RAFLEN), FHH

AB = A x B.

DRI, 46 B 1) 2 5K SR A% G0 R SR R . BTk, AEA SO A BRI R BRI S “ x 7 Il A B
U SR PRANFE B R TR ARAE AL, FE R IR Tk B AR B AR A AL G ) AE Rl f . T 2 0 T3 R P ok A ) &5
RO S5 CHR [16].

FIRFEFER R B, Hm P2 E S Ra AR BOE A, TR 5 17O IER.

5138 10618 (1) % 2q,...,2, € D & n NMEEELE, f(21,...,7,) 2 NEHERE WAEAEME
—HIFERE My € Loxon, 15

flor, .., xn) = My Xy x;, x; €A (6

i (6) RO RE f RBOE

(2) W pe A N p?=M,p, Hob M, = 5, B4 BRI FE.

(3) Wz = xby2 € Age, W 2% = Gz, Hor & = T, (Tor ® [(I2 ® Wg prq) M]) 2T
x € Agn IR RERHE .

(4) W By :=62[121 2. SMEERIFE X,Y € A,

~

e

E;XY =Y, EWigXY =X. (7

~—

AP AR R R B AR T AR, EIRSIE A n u@HE T L WU ERIES
FFERE My, € Loxon K. (EUCEERE b, 324857 0 I B AR f (R Yl A 9 25 A RELIE 5 2 A0 e (1 AR
H. FTBAZE SR [16,18,33] TR 240

2.2 FEHHhE

RTFFSEN 1A PR B0 SCHR [34~36]. AN TR Z A AFT 53 22 A S, — DM IR
& ARNTER, G A TRV St o T i B2 A = {0,1,...,9}.
B F Al A FIEMRI TR ES. L Xr A A T RIS F e i A e 55 v 4
Fr1.

W oo =zomzy - N X T DFRE, BAIBS o &N

o(z) = o(zor1ae ) =122+ .

W e Xp, HFEFEND k> 1, 15 o¥(x) = 2, WKFH 2 & o B— DAY, HARPI o 2Bk
o THEM k.

ISR [36] f5 K, BRI REAR I T AT 530 I RGP “3h 15 HL. BB AL AR
REMRI — BT A “Bish 1&g, iifF (X, 0).

WRTIHRES F RARES, WK (Xr,0) ZEMARYEA RS £ DHREBM RS
(Xr,0) 1, MRTRARES F hPfFRRER b+ 1, WIKRGN k PARUEBI RS
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FERF S I2Em e, AR TR T RS2 Artin-Mazur Zeta PRENIFRIME P, £ Artin-Mazur
Zeta PRECHEAE T AL R G W @ PP sl N5 p. € SCANTT:

oo

((t) = exp(;pz-t;). (8)

F— 71, B IR RG] Artin-Mazur Zeta BRECH AT DL T ik & B 5
T 189 % (Xr,0) &—NEA N DNERERBL RS HE A € By, N ARBA
REHIABBHERE. ) Artin-Mazur Zeta EREUHN

¢(t) = (Y Pa(1/) ", 9)

Hrh Pa(s) := det(sIy — A). A N M FEERBARG (XF, o) RIBREFEREE N A = (a;;) €
Byxn, Hei a;; = 1 M BACHERM RS § ANET — I 2388y F B 4.
AT PAM Artin-Mazur Zeta BREIRIAI (9) tHERA RS BN « BB FIANE p; W0F:

1 di(In¢(t))
i—1)! A

pi = ( t=0- (10)

MALZ ] (Xr, o) FIFRAMEE SCH
h = lim 1log(N]D)7

p—oo P
Hrh N, BETKEN p MRS RANEEIL TR RE R EVTFKEN p T HpEEE

ik [32]) #0571 Boolean 151l 25 A1 1 DA IRBEAL RA IR, FHFTF 530 /1% M S FC Boolean
PRI, 2R R, AT 22K EBT Boolean WX 4% F1HAL [a] F4 457 25 [R] @ 37 % B, FH 1B Boolean ¥
2851 Zeta PREURIH NG R 78 =B Boolean 28 il ¥ 2%

3 =k Boolean (ITHl) M4

— k i Boolean %% KRG RIAUTF:

z1(t+1) = fi(z1(t), ..., xn(t),...,z1(t—k+1),...,2,(t —k+ 1)),

ot + 1) = fa(z1(t),...,xn(t),...,z1(t —k+1),...,2,(t —k+ 1)), )

ot +1) = fu(z1(t), ..., xn(t), .. .,x1(t—k+1),...,2,(t — k+ 1)),

HA z;(t),i=1,2,...,n & Boolean MZEHPIRELRE, f;,i=1,2,...,n & nk JC Boolean PRZ%L.
S HE 1, AT DAS R AL £ MEMREREIC RN M. B 2(t) = P yai(t), W (11) AfLARER IR N

z(t+ 1) =Mait—-k+1)---2zt), i=1,....n, t=k—1,k,.... (12)
FIRSERER) ok 2R, 1 (12) Tl kAG 210 F R E A

z(t+1) =M [X]z?:t—k+1 x (i) Mz Kﬁ:t—k+1 x(i) - My Kﬁ:t—k—&-l x(i)
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= Lot [Xﬁ:tflc+1 (i), (13)
N [:I] n
Loy = My [[ [(Iyen ® M;) @] .
j=2
EHEHIN E BENERERRN

r(t+1) = filzi(t),...,zn(t)...,zi(t—k+1),. 2, (t —k+1),ui(t),...,un(t)),
z2(t+1) = fa(z1(t),. s zn(t)y szt —k+ 1), an(t —k+ 1), ur(t), ..., um(t)),

Ta(t+1) = fo(z1(t),...,20(t),...,z1(t—k+1),...,2,(t —k+ 1), ur(t), ..., um(t)),

HAr 2(t),i =1,2,...,n & Boolean M PIRSAS &, u;(t),j =1,2,...,m /& Boolean S TPNG'S
&, fi,i=1,2,...,n & nk +m JG Boolean P&#{.
B u(t) = )T yus(t) € Agn, W (14) FTELFR R

zi(t+1) = Mu@)x(t—k+1)---z(t), i=1,...,n.
W B3 n A T7RE IR R 2 sk B A et R AT 2

x(t+1) = Logu(t)z(t —k+1)---z(t), (15)

|

Lop = My [ [ [(Totnsm @ M;) Pm] -
j=2

5l 1 (1) %JE Boolean %%
{A(t—i—l) — A(t—2) & B(t—1),
B(t+1)=A(t-1)V B(t—2);
ROHEH, RS (16) /& 3 i Boolean M%%. # x(t) = A(t) x B(t), MRS (16) RN
2(t +1) = Loyz(t — 2)a(t — 1)a(t), (17)
HHF Loy € Lo2y06,

Lop =064111133331111333 3

111133332222444 4 (18)
333311113333111°1

3333111144442222].
(2) Z5FE Boolean 2 il] X 2%

A(t+1) = (B(t) v A(t — 1)),
Bt +1) = (u(t) < B(t — 1)) A A(t)).

(19)
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x(t+ 1) = Logu(t)z(t — 1)x(t),

RE (19) & 2 M A 1110 Boolean M R 45, # x(t) = A(t) x B(t), MRS (19) RN
HH Log € Ly205,

Loa=04[1122222213242424
=B Boolean il 4% (15) FIBLETRIR AN

2222112224241324)].
WIEIRF 2(0), 2(1),

w(t+1) = fu(t),z(t =k +1),...,2(1)),

,z(k — 1), =B Boolean ¥l M4 L4 N RS LEE N

FEAIHL, EFT Boolean MIZ% (13) FHBLGTRR N

Ag, = {z(0)z(1)---z(k)x(k+1)---: z(t+1) = f(ul®),z(t —k),z(t —k+1),...,2(t))
u(t) € Agm,x(0),x(1),

Boolean MZSIPRSHFILE SN

,I]C(]C — 1) c AQn}.
z(t+1)=flzt—k+1),...,2(t)),

Ho 2(t) = )P 2i(t), B 2 Agen — Agn. SETIRIAFE IVIEEIRE 2(0), 2(1),
1

Ag, ={z(0)x(1)---x(k)x(k+1)---: 2@t +1) = fx@t —k),z(t —k+1),...,2(t)),
Vx(0), z(1),.

4 k [ Boolean 1ZEHIME ARG Zeta R

5 S

,LE(k — 1) S Azn}.

H Los A (15) MBS,

R METFER {63,

AT EEED k B Boolean Kl W% (15) ARSI K — A & HHIRAE (L R4
M = V2 Blk;(Lo2),

(26)
Rk 1 fE k B Boolean il X248 R 4% (15) 1, AERIZHIFIIER T, MAERPREPLES As,
L 03.} EHY kAR RS
WERR BIE k WAL RS (XF,0), Hib

_rsi ip Sthk41 o
F= {521” "'52n52" : [M]ik+1,(il—1)2(k—1)"+(i2—1)2(k—2)"+~-~+(ik,1—1)2"+ik 0}

WATEAER & SHRBEBL RS (XF,0) KIS Boolean &M% 245 (15) KPRASHLF 512
St = (Log  u(t))d

— RN ESeUi ] Boolean #EHIMLE RS (15) HPRELRZ (Xr,0) HHIAL, B (23) HI—5F
250

Tt — 1
2n

BNLR w =03 - 68 -+ € Ag,, WIXHERI t(t > k), FE1E u(t)(u(t) ATREAME—), {15
2

it
ool

Horbra(t) = <Py ai(t), w(t) = <7 yui(t), B f o Dopnrm — Agn. JEEEHASFE EEHIFS {u(t)} A

(20)

(21)

(22)

(23)
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‘[H: [L02 X u(t)]it-H7(it—k+1—1)2(k71)"+(it—k+2—1)2(]“72)"-"--“4-(1}—1—1)2"+it =1 j&ﬁﬁﬁ

[Miy s (i a = 1) 20D 4 (i 1)205= 20 g (i — )20 i, = L

BIEER w =08 - 0% -+ FIHMERE—NKEN b+ 1 WTHMAET F. FrLk, @B Boolean 5 M
BHPREL w £ k PERBEBMRS (XF,0) KA.
HIR, kb BERBEBALRR (XF,0) B RERNT . Boolean £ HIM 4% R4t (15) B—IREHLL. &
w =08, -0 - € Ar & k BHRMBARE (Xr,0) B—NFH0 8, WX FAEZRRMVE (> k- 1),
#ATHT
[M]iﬂ_l,(it,;prl71)2(’6*1)“+(it,k+271)2<k*2>"+-~+(it_171)2"+it =1

BN —A u € Agw, 13

[L02 X u]it+17(it—k+l_1)2(k71>"+(it—k+2_1)2(k72)"+“‘+(it—1—1)2"4‘“ =1,
BE—0 WHMERM t(> k — 1), LRSS u(t),
S = (Logg % u(t))ds - 6l
R, w = 68, - 6% - - & EFT Boolean 2 M4% (15) KR HLE. IERA 45 .
#iL 1 7E k BY Boolean W R4St (15) 1, M IPIRSHLE S & —NFEREER {61.,...,02.} b
)k AR RS
NTHERBAL RS Zeta BREIFE] k B Boolean 2] WX 4% 2 Gt i 45 M AR N, BATT 75 115

=B Boolean W45 24t (13) HIIRASE AL HERE.
B 2(t) = x'TF12(i) € Agur, £=0,1,2,..., N

Z(t+1)=ax(t+1)---z(t+k)
(Eg)"z(t)x(t+1) -zt +k— 1)zt +k)
— (Ba)" % (i) Loy X i)
(Ea)"2(t)Lo12(t)
(Ea)" (Izxn @ Lo1) Prn2(t)
= Lyz(t), (27)

;H\:EP Ly = (Ed)n(Ian (39 L()l)@]m € Lok y ghn.
HARIHE, X T H R R RS (15), A

(t+1)=ax(t+1)---x(t+ k)
= (Eg)"z(t)z(t+1) -zt +k— Dzt +k)
= (Ey)"z®)x(t+1)-a(t+k—1)Logu(t +k — Do)zt +1) -zt +k—1)
= (Eq)"(Iyen @ Lo2)Wigm genqu(t + k — 1) Gppa(t)x(t +1) - x(t +k — 1)
= (Ba)"(Iyn ® Lo2)Wigm gbn](Iam © Bpp)ult +k — Da()a(t +1) - a(t + k- 1)
= Lou(t + k — 1)2(¢), (28)
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Hor
Lo = (Ed)n(Ian X LOQ)W[2m72kn](12m (%9 an) S EanXQkTH—m.

= (27) F1 (28) FRAFEHT Boolean M 4% (13)(1iF Boolean #%Mil| M 4% (15)) MAREIE. WERX EFE,
X (27) A1 (28) ATLAHAR N EA kn NI EN Boolean MK R4, EMI R RS (27) HINFRIFRS
TEERERE 2+ 1) H5IRE 2(0) ARPSLE, BN 2(t) = 2(t) x 2t + 1) x - x z(t + k — 1), T
zt+ 1) =z(t+ 1) xaz(t+2)x - xz(t+k—1)xz(t+ k).

EE 28 R4 (27) FPREEF RS (13) FPRESPER Z IBAFAE—— X

REOE (27) M (13) IS AR IR IR —— XS B2, FATRT LB g R SE (27) KIS A
BRI AR BRIF A BRI EAR B (13) MIAIRIBIMEIR. 1% 2 = x 2y € Agen, HP 2y € Age. G
RSS2 Agkn — Agn,

7(z) = (e ® csya)2 (29)

HISCHR 28], P75
m(z) = xo. (30)

itk Boolean 244 (15) XA RBALRGN (XF,0). HRBEMNRA (Xr,0) B Zeta B
HAEN Boolean il %% (15) [ Zeta BREL. HIERE 1 A1 2, W[5 W1 R 4518,
#it 2 =B Boolean ¥ W45 (15) [ Zeta BR%L, Bl RS (28) [ Zeta BRECHN

C(t) = (" Par(1/8) 71, (31)

Hert Pas(s) = det(slr — M) SRR M FREL T, M = V27, Blk;(Ly).
HEiL 3 EB) Boolean W%% (11) B Zeta BRAEL, Bl RS (27) 0 Zeta PRECH

¢(t) = (" Pr, (1/) 7, (32)

HH Pp,(s) = det(slyn — Ly) s =M Boolean W28 (11) Z5M5EFE Ly HIRFE 2 i
5l 2 FEEH 1 FHEFIEPT Boolean M4 (16), NHFERIEA (17) 153

2t +1) = Li2(t), (33)

J
|

Ly =064[1 5 9 1319 23 27 31 33 37 41 45 51 55 59 63
15 9 1319 23 27 31 34 38 42 46 52 56 60 64
37111517 21 25 29 35 39 43 47 49 53 57 61
371115 17 21 25 29 36 40 44 48 50 54 58 62].

FORSHR WA 1 (M2 (33) BPIRES of, B 1 PR k).
M3 (29), W m(2) = (L2 @155 _102) 2, WARSE (17) HPIRZS 2(t) = 7(2(1)) = w(2(t) x2(t+1) x2(t42)),
BRIRG (17) WL o) L EINIE 2 (M4 (17) FPIRES oF 72 2 HRIR N k).
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D—O—E—D——O——0) O—O—O—O—E—E
O—B @ H—O—O—O——@

@

1 F% (33) i1 6 MRRIF
Figure 1 The 6 cycles of system (33)

XE RATRIAH Zeta BREIL BN Boolean W% (17) MIAKIRIAME E. = Boolean %% (17) )
REFERHIE R (27) F1 Ly, HEHEZ AN

Pp (s) =554 — 2553 4 562 _ 9561 4 4500 _ 9559 _ (58 4 95T _ (56 4 455

— 857 44593 — 52 42551 — §P0 — 9419 L 418 _ 9417 4 16 _ 945 4 g1 (35)
HHER 3, mFT Boolean M4 (17) B Zeta EREUN

C(t) =2 Pr, (1)) = ﬁ (36)

+H

p(t) — t20 _ 2t19 + tlS _ 2t17 + 4t16 _ 2t15 _ t14 + 2t13 _ tlQ + 4t11
—8t10 4 449 — 48 4247 — 16 — 2% 4 Att — 243 442 — 2t + 1.
i g(t) == InC(t) = —In(p(t)). TH5 Zeta EREL (8) IS p; WIF:

_ 1dg(®) L. 1d%() o ldg(t) B C 1dY() i
PL=orae |07 2 P27 gqe |07 BT g |[OTO M T g g |07
1 dg(t) 1 d%g(t) 1 dg(t)
= — 0= 2 = — N = 24. — I\ = 2. L.
Po=gmar |07 TR a0 T T g e [T

B p;, TS HEFY Boolean MZ% (33) H &M FEMRBRIA AN ¢, B2,

bi — ZjeD(i) Dj
)

qi =

)
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O—O—O—D—D———0O @

O-0O © O—O—O—~O—O—0)
@*-@

2 A% (17) 1 6 MRIRIF
Figure 2 The 6 cycles of system (17)

H D) i FIREE E B THES, bl D©2) = {1}, D3) = {1}, D(9) = {1,3} %. 1 Eik{t5
AL,
@1 =2;q2 = 0593 = 2,924 = 055 = 0;96 = 2.

Ik, 240 (33) WA S BN 3 IIRRIA . IANKA 6 IREREE, BP 3 B Boolean
WIZ% (17) APADNAB R I 3 IIIRERIA . IANKOh 6 IIRRBRIE. thas R5IREMLIE 2 —F

F 2 XT3 B Boolean W% (17), RGEA 3 IR, A TRH t+1 MR FPRE 2(t + 1),
BTATRIFTEIRS 2(t — 2), 2(t — 1), z(t), NIAERANB B RGAAAZ R )G, Mz Az s 2w
NEFEE 3 AR ZPRAS AL, B 2 AR of RTEEN o6 — of — of, AR 07 B RN

53 — 63 — 63.

5 k Bt Boolean 1&#lM4& R G BURTIMNG
XFF—F Boolean ¥l 4%,
x1(t+1) = fr(x1(t),. .., 2n(t),ur(t), ..., um(t)),

5172(t + 1) = fZ(xl(t)’ s wrn(t)vul(t)’ s 7um(t))’ (37)

Tn(t+1) = fulx1(t), ...,z (€),u1(t), ..., um(t)),
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Hrb x5, up, € D, m; WIREZE, we HIEHIRR, f; MK Boolean BRAL. I IR E, )
x(t) = X7 z;(t), u(t) = x™ u;(t), Boolean ] 2 AR EUIE N

x(t) = Lu(t)z(t),

HH L € Lonygnim /& Boolean &Il 4% (37) K45 MR R 18],
TESCHR [32] Y, Boolean il 4% (37) IR+ LA

1 .
hs = lim -log|AZ|, (38)
j—oo j

Hrp Al Ron KON j BPIREMERIIE S, | - | RS HIEEL Boolean 1245 (37) HIFh4MEHT LI
HEFE M = Bl (L) V Blky(L) V - - V Blkan (L) FIBERARFAEALL 2, B

hs = log/\M

HEH 2, =BT Boolean f2HIMZ% (15) HIFZAN (28) HIBLLAFAE ——XF R, AEE T Boolean 4
i P 2% #0 AR RT LA H R 35 21

hg =logAm, (39)

Hort M = V22, Blk;(Ls).
51 3 XFT P Boolean 2l W44 (20), HAEE AN

2(t+1) = Loult + k — 1)2(t),
SRR Ly N

Ly =616151014261014 17 10 16 2 8 10 16
261014151014 2810 16 1 7 10 16]. (40)

Nk, M = Blk; (Ly) V Blky (L),
M = 66[{1,2} {5,6} 10 14 {1,2} {5,6} 10 14 {1,2} {7,8} 10 16 {1,2} {7,8} 10 16], (41)
Hrt 616[{1,2}] AR Boolean [, HHH 1, 2 WA ER 1, Ll
516[{1,2}]=[110000000000000 0]

Boolean Hif M & KEHEE R 2, BRI (20) IR IME A log2. M B T =M Boolean %
i) IR 2% (R A S BB OR/D, R T HR AN S B )12 4 R G (S B T — B RIRE S T ).

= Boolean #2542 K41 & —RiBAE R G, NN RS, BT RGA G HA R A, Bk
RAENVIRS A LR %, BARRRME. FRATRI R 3B 15k B S @ 4B 30 R A 0o R EUE
X, RENTTF 53 1A S T =B Boolean 8 H| M4 248, FEAEH T k B Boolean 4% R4t
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5 kSRR Z AKX R, BT k B Boolean M4 REGiZ k HATIRAFEAL REL. Zeta MR
AN R AT S I RGN EZ TR, IO — BRI S R o it 78, 54k,
IMEFEZ AN A R G P IR R B B 7288, 2 ATLLE 3t — Bt T 1A,

R FFLEFF TN IIFHELL T, =B Boolean # Il Z8#E4T TR IT, Ff (4 S nT LB
N ZHM 2% R G
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Symbolic dynamics approach to higher order Boolean control net-
works

Jinli SONG & Zhiqgiang LI*

School of Mathematics and Information Science, Henan University of Economics and Law, Zhengzhou 450046,
China
*E-mail: lizhigiang@amss.ac.cn

Abstract The Artin-Mazur Zeta function and topological entropy are two main tools for studying symbolic
dynamics. The Artin-Mazur Zeta function includes a number of cycles of different length, and topological en-
tropy reflects the exponential growth rate of the number of n-blocks in symbolic dynamics. Using the semi-tensor
product of matrices, under the framework of symbolic dynamics, we investigate the topological structure of higher-
order Boolean control networks, which is a special class of higher-order logical control systems. First, a one-to-one
correspondence between a k-order logical control network and k-step finite shift of finite type (or k-step finite
SEFT for short) is constructed. Then, a number of cycles of different length are obtained from the Artin-Mazur
Zeta function, and control information from the higher-order Boolean network is learned from the topological
entropy. The main contribution of this paper is to provide one-to-one correspondence between a k-order logical
control network and k-step finite SFT.

Keywords higher-order Boolean control networks, semi-tensor product, symbolic dynamics, Artin-Mazur Zeta

function, topological entropy
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