2017 4 3 A ERIMEAFFRCE AR FHO Mar. 2017
#3334k ®o2H Journal of Chongqing Normal University (Natural Science) Vol. 34 No. 2

DOI:10. 11721 /¢qnuj20170213

—HMEARENEZN SRS

FER -]
ORABIF S 4 B BU2F 22 BE , AR 611130)

BEANEWIREI N AR AN LN ERASN . GRZRERNEN ZANTEL FRAE-FFENELR. [ 2]
ATIFHRRAGENFHENAERAR EERBERAZ PR TSR E L ETEX R 9N FRE. [ERIRE R
GHEENTFRAFELE KARREFANTFERPERATELFANTELSH. (BRI —FHRINFHERN
FEWTEA G RUH A AR WAEANEFAEINFRMPFHENTEL G, REFRT ONTHELAN T RER, &

HWHIAANRZREEE AN NERE NN ITREERBE A,
KB - WAEWE; ZEA, TEL; FTRE; SRR
FESES 017512 XEkARER A XEHS:1672-6693(2017)02-0067-05

20 M 22 B 2 SE T L T2 K Chua 55 AT 1988 4R IMEY . iy T U AR 1, 08 Al R 80 5 03R4 5 Tl
4732 0 o 0 i 2 T 2% (R I 58 IR T R R B S A AR RIS T AR Z OR L AR A 2 0 4 R T Ak TR
I, BSR4 B AT E— A 0T B2 R e e . HAm ok ik B A 1R 257 00 40 0 fi 22 9 46 77 7 e — ~F- i 53
LS4 JRy i R A HEAT TRISE IO T MR SR A R 22 I 2% 8 T B ] A RS U I 22 A4S
i ki B SR 2 P 1 . 2SR MR IR T 20 R RS AR R A S R A W e b A . HRT
CAMRE X THAEMEZRAEMPIR . Hod SCROIBIBFTE T — 2 8O0W S BB o8 B0 B 22 19 2%, il 5
WG KB PE T FE R RSB — AT AEE M T 3" A A BT XK, Hod 2 R M 4E % A
Brouwer A3l s & B, SCHRL13 45 8% M 28 2= /DA AE 3" AP a5, JF 455 0 0 B e A R 48, 45 R iy 2 A4
JERTIT AR E I . SCHRL 14 BT IF 50 (9 1 28 I 45 P 30 R B0 0 BEER PR 9 A3 81 T R RA (2r + D A Y 52
OrAE R n SR R GERYHER . 2 PO s B A D R RV o BEAR PR O eR RO A 2 R g R AR e Y L B
S MR A ST RS R B TT LA A 23 ] R 2 B A 1 X IR A RS D T IR SRR . P T
3 B2 VT BRI T 22 I 4 BRSP4 A v K S TGS BT 8 S O R AT TR e 22 19 2% 1) B0 )~ 4 T
AEEE .,

32 SCHRL1A TR IR & AW FEHE 4R 22 M 26 19 21828 15 8 9 A ARIB A0 M 2547 18 19 FE 2SO
W T RS R E PR . TR B RR ORGP SRS S T X BRI i 9 AT I TR EA T IX
Sl 2 4 5 BT A DX AR AR AT 188 A5 A7 7 R B T ME — L O EL AT DA E A 7 X AR B AT 1 Y
FAAEZEAT . SRR 0T 9 DN ARR AL VA U A A FE A o R Jm DS 1 A1 a5 A 5 PR R

1 fi&&if

WFER AN o 2 W 2%
s =—x W) tangla @) tang(a, (1)) +h,,
T (D =—x, () ta,gla, () ta,ga, (1)) +h,,
Ho 2, (1) ,i=1,2, RRF i THAETTHIRELE, a; €ER i, j=1,2, TR 4 T0 1 5K 45 B, 300G oA 5L

gD =1 (|51 = [s=1]) b ERLi=1,2, FRIBHIA.

(D

xRS E#:2015-12-29 &= HH#3:2017-01-10 [ %% HH KR R 18] : 2017-03-13  11:06
FEIE  EH R HRBEE 4 (No. 61202045) 5 AR TE 2% B A 2430 H (No. CS16ZB03)
E—EF B A0 UFW B 07 160 % 5o 5 R Y E L 3 A7, E-mail : sujuanmath@163. com
W £& H AR 3k - http://kns. enki. net/kems/detail/50. 1165. N. 20170313, 1106. 022, html



68 FERFREAFFHREAZRFH  htp://www. cqgnuj. cn % 34 %

RGO WP 2" o= (2 o2 )ERTH
—x; tang(xi ) tanglxy, )+h, =0,
—x5 tang(a))taypgla; )+h,=0,
A a5 AR IR R AR R G (D AE S 27 19 Jacobian JHFE AT O THER R G (D) AR R T 2 0L
B ARE O B g AR BT RSB TE R R AR AR 9 S DX
Diy={(zx,,2,)ER* ., <—1,2,>1}, Dp="{(x;,2,) ER? ; — 1<, <1, 2, >1},
Dy ={(x1,2,) ER :x, >1,2,>1}, Dyy={(xy,2,) ER :; << — 1, — 12, <1},
Dyy={(z,,2,) ER*: — 1<, <1, — 1<, <1}y Dyy={(x,,2) ER 0, >1, — 1< 2, <15,
Dy ={(x;,2,)ER i, <<—1,2,<<—1}, Doy ={(x,y2,) ER? ; — 1<, <1, 2, <<—1},
Doy ={(x,,0,) ER :; >1,2,<—1},
BARR=U,\D,, HIEEWANKXIE D, N, HAFSHA: = (a1, 012 a5 2@ shy 7)) ERE

(2

2 FEHF®R

TE LIREEA T X Dy vy =1,2,3, - RE(DOEN LR . NITEREA D, RS (D RZAHAE— R
B, TS B RS (D B AER V8 i 24 9 A 31 B 9 AR B AL 1 8 5507 78 19 78 22 2% 14 B2 X 4
A AR IR AP AR SR S TIE . T AER 1 4 T R (DR EAFTE 9 AR R AL F- 7 s 1 FE 2
S0 BV DX D, v B 47 A IR AR 1 2 A 78 22 A

EE 1 %%(1)ﬁf9AjE ’ﬂﬁ‘T‘@IHjéE’flél AGRG:GM*‘alz‘*1>‘hl‘a*‘021‘+azz*1>
(Ao}

R T RO X D, PR, NI XD, i 2471 1 AR B AL 40, Mt
RZAFAE 9 N ARBIE AT 5. IR ELRUF 9 AP mUAF 7R B T8 24 1R RV B A4S DX b P47 1 A 50 8 2 2R 0
T TR R X D 43 B0 8 AR 1B A B A TR Y ST A SRS FRRIE 9 AS XBhoF A  EAE  ATAR

711* —dai +(112 +h1 =0

D %(1; »15)€D11,NU¥@T1§7’?E(2>4{3% i ° ﬂ“%ﬁ%?u xi = —an tapth,
71‘; 7a2]+a22+h2:

xy = —asn tax+th,, *E%(llx yax; )E Dy, J%'@'J
h1<a11*a1 *1 hs >a21*a79+1 (3)

RGAE R 5 2" B Jacobian 454 JZ(_Ol JT@ M (3) X2 X3, Dy, w77 7 e — 3 1B 1k S £l A5
MIFEESM, BHAEW TS, (o »27) €D, HAEB Y HALY

h >*a11 1 h > a22+1 (4)
(Il* an GDzlﬂjE ’ﬂﬁé,lﬂ’flé,l
/l <a11+a12*1,h2<a21+a22*10 (5)
(Il » Ty )EDssHﬂF 'ﬂﬁé,lﬂ’f/zé,l
hl _a11+(112+1’h2<_agl+a22_10 (6)
— 0
Moot =(a) a; )ED, HAERILHT R BN RS (DFE »° 1Y Jacobian HifE J= ( Jﬂiﬂic W ARIZ SR
daz -
(ayn—Dxi +ap+h =0
BN T an 71, BMOTEa @ n[ 0 T gy = e T
agle 7]75 +a22+h2:0 an 1
M‘Fﬂ)z%»hxo 3375(11 717 )GDMHEHE /“:4 é[ﬁ’fxél
11
gty g, et <)
an —1 ap—1
[_JIE‘F@JQEITE;&?_ (x) »xs )eij‘ij /ftﬁl'/‘_@]-,lj élﬂ'flél
h<—an g, 1, i e (8)
azz as—1



%24 OB AR AN S RE N 69

(xlX 9x2X )€ Dzz j\jf”fjg’ﬂjxizﬁif,ﬁ ’ %E{X%ﬁ

(1*(122)}11_’_&12}12 (1*6111 )hg +a21h1

—1<< <1l,—1< <1,

1\(a11_1)(a22_1)_a12a21\1 1 (all_l)(agz_l)_alzagl\l (9)

(le 9x2X )GDzJ‘ﬂFiEHCEF@Tﬁa%'IEﬁ%'I
h1>a12a21+h2 *a11+19*1<a21+h2<10 (10)

a—1 as—1

(11* Yy o )eDszj‘jjlzlg'ftSP@iﬁa%E{R%

*1<M<1,h2<7a2]M+(122710 (11)
an —1 an—1

2) EIREEREASF XI a BIE T R R AT A A AR Y TR A T T HE— 2ok 4 BT X S A R Y SR AR
B, T AR 9 AN AR IR A7 S AEAE M SR A5 1. T 58T F X 38 Dy o Doy s Dy B Dy 1 AR IR A6 7 55 [ B A7 7
B . FEIX A AR, R G0 (D) AR ME— AR R AT 250 R A 02 (3) ~ () RIS . 755 B e

hy | <an—lawn | =10, <—l|an | +an—1 (12)
JE(3) ~ (6) 2 [ B ST 1) 78 2 45

SRJEAE S5 (12) 20N I ) A% F DX [R] b AR SR AL 03 0 AE e M B0 () ~ (12) KRB ST 19 25 8. F IR

(D A A2 KRB &R (12K, F58 E AP s — AW o, >1, I HEN T

—1<h‘*‘“‘2‘<h1+‘a”‘<10 (13)
an—1 an—1
AR (13) K] LI45 3]
mten| o) (10

BT B CD AP 58 — o . TRM 22 12 88— akar W () b iy 58 —Unior . FAR i (12) rp
B Ao A
a12—|—h2

a; —1
LA (12) IR B 20 (D iy 58 =7 . 28 b 2 A2 s it (D R iz . IR T LI F] (8) L (10D,
DA 2) K F AL S HACY (12) Rz, TR (D AERR 2 Doy LAMAFE 4 8 A F X 3 35 17 16 v —
A 1R Ak 1 A A58 T SR SR (12) T
R M () A1 (12) SRR A7 Y FE B A5 E . 35 (12 Sar, BRAE an — 1> | an | sas — 1> @ | - AT
(ann,— D (ay—1)—ana >0, (16)
M a1, =0,az =0 B AR (12) X3H5715 5
(1—az)h tanh;<<(1l—ay)(—a,ta,+1)+a,(—ay ta,,—1)=C(a,, — 1D (ay, —1) —aas » (17)
(1—az))h tah; >1—ay)(an —a, — 1D +a(ay —apt1)=—~0G,, —1)(a, — 1) tapas . (18)
(16)~(18) KFEMH

*a22+1<‘a21 ‘*a22+1<h2, (15)

Az

(176!22 )hl +d12h2

((11] *1)((122 *1)7(112(121

—1<

<1, 19

L Hh L 38 AT LA 3
(1—ay ) h, Tash,
(an—1D) (ay, —1) —anan
LB S a1, =0, a5 =0 B, (9) AT (12) 2[RI B S7 09 78 2 2 AR5 48 S (12) 3. IRl A 7 9 T D 3 ik 7
A san BUTIA 3 R BP0 a1, <<O0san =088 a1, =0 as <0 BY a1,<<0sas <0, £ (12) 7, W () R 57,
25 b, (3) ~ QD) 2[R B ko7 1 78 2 A A 2 (12) 2oz B R 48 (1D AR AE 9 A AR IR Ak i 2 i 58 22 5% 100
AR, RN FXE D, .i.j=1.2.3 HELELEME— 47 5, JIE B
T HE— 2R A B 1 R A S e
FE2 HAER :ay— |lan| —1>|h | v—lan | Fan—1>|h |} WRLG (DR 9 AN AER LA S, T
X3 Dy s Dy s Dy Bl Dy H A~ i 2 F80E A IG P45 55, F X350 Doy s Dy o Doy 1 Dy, RSP i 02 8 00, X

—1< <1, 20)



70 FERFREAFFHREAZRFH  htp://www. cqgnuj. cn % 34 %

Dy H 1 S5 15 A AN TR e 1 £ 05 Bl 4G AT
R 1 & =), )EDLERRFE(DWFEME., HHERFE (1DIE 2" B Jacobian FH S J =

—1 0 , e
[O _1]0 AR o R R D MR AL I Dy Dy B Do BB B B R 25 4

a;, —1 0
2) Wa=(x 2, VEDLERG (DA S, IERFE(DIE 2° BY Jacobian 4H [F 15 J[ " 1]0
az -

WA J BAT51 det (J) =1 —ay, <0 YLWIZP M G2 8 o [RIBE D,y Dos A1 Dy, H 17 5t 2 855

1 1 aiz

3) W =(xf vx5 )EDL RS (DM A, I Jacobian FEFF J = [al J STEARE] J I

an Qs —
FATHNR 5 5 K trace (J) =2 —ay —axn-det(J) = (ay;, — 1) (ayy — 1) —apan . W E B S H5% 415 3
trace(J)<<0,det(J)=>0, BLH D., oV 5002 A Fa 0 ) £E B Es A, ik e

EOSCIL 4D R e 1 BB EE L AER cay, — [ap | — 1> |h | — las | Fasw —1>|h | ) ERG D
BA 9 AV S o0 5500 OF g i b 4 S RAREN . MEADI A ER 1 H IR SRR RN IF
HAE R 2 thgg th T A AP Y R P

3 HERIE
BIFGE T 20 200 o 28 I 46 159 O Al 30 S 4 4547 7 19 78 38 4% PF 3 3o o b ) B 9 40 o 75 50 40 FF B A O
(I % 2 G S 15 B TR S5 R TE n 4 B G ATHE T o B — M 0 40 B 2 M 1 B3 BB o 5 A TR 5% o 1 4

GRG0, B a0 SCRRC 14 Jrh R AT & 2r AR i 4y B M sR B, O RS 2 R0 78 3 S BB 40 i 2 S AP Ay
AR FEE ST

S %30k
[1] CHUA L O. YANG L. Cellular neural networks: theory P W] BB T R 22| (A SR B4 MO L 2015
[J]. IEEE Trans Circuits Syst,1988,35:1257-1272. (11):126-130.
[2] CHUA L O, YANG L. Cellular neural networks: applica- ZHANG Y. TIAN A K. HAN S Y. An adaptive chaotic
tions[ J]. IEEE Trans Circuits Syst,1988,35:1273-1290. particle swarm RBF neural network optimization algorithm
[3] PETER L V, TAMAS R. Image compression by cellular [J]. Journal of Chongqing University of Technology(Natu-
neural networks[ J]. IEEE Trans Circuits Syst 1,1998,45 ral Science) ,2015(11) :126-130.
(3):205-215. (8] Hollng , 5 1055 I . AR B WY, 4. R B i 428 90 &4 4 R AR DL
[4] HAN Q,LIAO X F,LI C D. Analysis of associative memo- B TR R A AT v Ak SR W [T ). T PG MR R A R (A
ries based on stability of cellular neural networks with time SRBF ) . 2014,26(3) :373-379.
delay[]J]. Neural Comput and Applic,2013,23:237-244. XIAO Y M,ZHANG Q Q,SONG L M, et al. Optimization
(5] Jedt s, ik SCH . R T My, 4. 3L F A 18 I P 28 W45 158 4 of deep neural network in acoustic modeling for mandarin
ARG WO HAF S A, R IH i K22 2F 4 CH %R B2 speech recognition[ J]. Journal of Chongqing University of
R »2015,32(6) :140-144, Posts and Telecommunications ( Natural Science Edition) ,
SHENG W T,ZHANG W J,YUAN Y P,et al. Electrocar- 2014,26(3):373-379.
diograph signal identification based on adaptive neuro-fuzzy (9] SH2% , ¥5 Al B T ek A8 o 22 (0 2 i kAR ) FiR Bk (). &
inference system[ ] |. Journal of Chongqing Normal Univer- PRHIR H K 2222 4 CH SR B2 D . 2016,28(2) :265-272.
sity(Nature Science) ,2015,32(6) :140-144. DAI R, HUANG C. Iterative learning identification algo-
(6] A, K&  E A . G M B M= NS NG E rithm based on time-varying neural network[ ] ]. Journal of
A PEM P AN ST )], R T R 2F 22 R (A R B 2F Chongqing University of Posts and Telecommunications
B ,2014(9):102-107. (Natural Science Edition),2016,28(2) :265-272.
HU X Q, ZHANG L, JIANG D R. Research on genetic [10] ARIK S. An analysis of global asymptotic stablity of de-
neural network fusion for evaluation of indoor thermal layed cellular neural networks[]]. IEEE Transaction on
comfort degree[J]. Journal of Chongging University of Neural Networks,2002,13(5):1239-1242.
Technology(Natural Science),2014(9):102-107. [11] ARIK S. An improved global stability result for the de-

(7] 3k ¢, W &2, 56+ J0. —Ff [ 1E N A IR R T BE L4k RBF layed cellular neural networks[ ] ]. IEEE Trans Circuits



Vol. 34 No. 2 Journal of Chongqing Normal University (Natural Science) http://www. cqnuj. cn 71

Syst 1,2002,49(8):1211-1214. stability of multiple equilibria in neural networks with
[12] ZHANG Y,PHENG A H,KWONG S L. Convergence a- piecewise linear nondecreasing activation functions []].

nalysis of cellular neural networks with unbounded delay Neural Networks,2010,23:189-200.

[J]. IEEE Trans Circuits Syst 1,2001,48(6) :680-687. [15] TAN K C,TANG H J,ZHANG W N. Qualitative analysis
[13] CHENG C Y,LIN K H,SHIH C W. Multi-stability in re- for the recurrent neural networks with linear threshold

current neural networks[ J]. SIAM J Appl Math, 2006, 66 transfer function[ J]. IEEE Trans Circuits Syst 1,2005,52

(4):1301-1320. (5):1003-1012.

[14] WANG L L,LU W L,CHEN T P. Coexistence and local

Multistability Analysis for Two Dimensional Cellular Neural Networks

SU Juan
(Department of Mathematics, Chengdu Normal University, Chengdu 611130, China)

Abstract: [ Purposes It focuses on the multistability analysis of two dimensional cellular neural networks. [ Methods]Firstly, in order
to locate the equilibria of the system, we partition the planar into 9 subregions according to the characteristics of activation function.
[ Findings ] As the two dimensional system is linear in every subregion, conditions for the existence of exactly one equilibrium in every
subregion, which is nondegenerated, can be given respectively. [ Conclusions|Then, coexisting of 9 equilibria is analyzed, and the
necessary and sufficient condition for coexistence of 9 nondegenerated equilibria for the two dimensional system is proposed. Finally,
the qualitative properties of each equilibrium in the 9 subregions is discussed, and there are 4 stable nodes, 4 saddle points and 1 un-
stable node or focus.

Keywords: neural networks; multistability; equilibria; subregion; qualitative properties
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