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Abstract: The problem of output-feedback stabilization for a general nonlinear, non-autonomous min-max-plus system
is studied; new results of nonlinear discrete event dynamic systems are described. First, the max-plus projection system
representation for a closed-loop system with min-max-plus output feedback is proposed. Second, strict color-match require-
ments for the closed-loop max-plus projection system are pointed out. Then, based on the complexity of the color-match
requirements, a new coloring graph structure is presented. Previous researches only considered new circuits relating to one
feedback edge in the closed-loop max-plus projection system; whereas in this paper, it is pointed out that more feedback
edges can be included in the new circuits. Finally, a sufficient condition for output feedback stabilization of min-max-plus
system is derived according to the new coloring graph and new circuits characteristics.
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IR — R A . A TSR e (F, G, H) P FE A
PR 581 R GEAFAE A% (R B UL B G &R, EF X0 B
VT ELEESR, B 0T ) IR B K e 1 R (1
K. iz B R M ke o T RS A B T R R
o) B TE R B8 () ) . )5, 25 T RG(F, G, H it
BB E () 7o 5.
2 FA % X (Basic definitions)

RE /N SEHEE, RUKIRR b4y n) #4E. 2R =
R U {-o}; Ya,b € R, aV b := max{a,b}, a Nb =
min{a, b}; D := (R, V, +). DF Rt KAXEL. —o D |
MEIC. B, X, 2L E, 0 € RESE, —
MR N AR AN a + &I A R IR VA IS 5T
R ) 3. AV BB AN AR R I =R A i K =
nZEAR INROR N R BOR R BIR ) pR 2, Horp AN 732
SER BRI K TN By, xa, -+, x, BN KN
. I, iR MR N R Bk

F(x) = [F1(x) Fa(x) -+ Fy(0)]",

Hobx =[x 20 - x, )7 WERFi(x), 1 < i < n#BIE Pl
KK, WFCFR A H M K A%, Gunawardena%s Hi A}
AN INIIEE & Sn W

F(x) = /\I(Ar-x)- &)

Hrp A, € DRFR BRI R, Ax D L
FFEFEZE: Ax) = V a(n)+x,1 <i<n

1<j<n
DEF)FT A Bl RS et B 5. 2F ) =
F(F*'(x)), i FO(x) = x.
EX 1 BFx) & ndER NN ek %, W)
P B 1) 1{122 FR(x) /KRR R F (o) JE BRI (] (1) &), id
N x(F) = i(F) x2(F) -+ xa(P)]".
—RAE AR AR N K &R 4k
{x(k +1) = F(x(k)) V G(u(k)),
y(k) = Cx(k).

2

Hdr: F(o)[F L, Gu) = A (Bsu), By € DP, C € DP*,

seJ
x(k) € R, u(k) € RY, y(k) € RP. M Z& G
H(F,G,C). SL[8IWIFT T (F, G, C)IFAR A [ i 52 v
B, e E s ESE TR,

100 58— M 1« B A B g AR 2 M ) BN B K

x(k + 1) = F(x(k)) V G(u(k)),
€)

y(k) = H(x(k)).

Hip: H(x) = A(Cx), C, € DP", HAWF(F,G,C).
teT

SE R G (F G H). 545 50 v e oh A BT
s “57 71, “s” T, 20504 2 o
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AN T S S PR e 2 (SN P NS R TN
S S ). R T, IR RGNS,
AR TR RS,

RS UL B I 5 V5 R R Bea; ()RR
AT 5 AN TG, bij(s)R R B RiAT 5 j31 T,
cij(ORRC AT H jHI 0. Blg(A) B4 fixy, -,
Xy K, Maii(r) # —colb), fix; B pix AU A a;;(r) H.
FABABUEHII Ha;(r) = —col, mix; 3 flxik
A Frh B k. Eg(A)FEml b, I N N &5
Ry, - ug MV G5 Ry, L yp, R B G(S ()
i—/lb,'j(S) #+ —o09, ,FEMJ?Ullﬁxlﬁﬂﬂybu(s)ﬂﬁﬁﬁ%ﬁj
BTN 2b;i(s) = —colhf, silu; B mix B8 28 s PP ER
I () # —oo, six; B Ry B A e () HAEH
SR IR Hicij(n) = —co, Kix, B sy AT S b
NI

TR BT b 5 A 2 2 1) e R WL g, e
M RGU(F, G, A, @) AE @ THEW T2
BRUE [ FE A .

EX 2 WIRAELS (rsap) T — N HiT AN & 5
Bl AT B8, WK A (r, 9)—BEIBRAS 70 . W RS iy
H(r,s) € Ix JU x J 2L, JE R IR, xi2&@r, s)-E
K, WIFRxREIS. WA X, 1 < i < nfgik, W
FRARGES BEIL. U1 FAEG(S (r5.0) A7 7, B 3 i H 25
A, W RRx A2 (r, D—BE LIRS 2 5. 4 %
H(r,t) € IXT, x; =(r,)—HEM I, W FRx;HERE. L
R Mx;, 1 <i < nfigW, WIFRRSES BEML. w1 )
R 1) € I X J, x5 2EAREMLIR, IR x4 (AN BE
W

EX 3 WARDLE— a4, 2 XuA) =
[11(A) ua(A) - pa (AT € R, Fru(A) K FEFEAR) ]
). HoAu(A) = max{w(c)/1(c)|ciEg(A)HF B ix AT
2% 11 B}, wic)dR ang(A) Bl AL, I(e)3 7ng(A) T
Bl c ) K B R e e A 1)L A

SIER 1 F(x) = AAX)FJE I [y (F)TEALE,

rel
Hx(F) = A\ u(Ap!.
rel

WX F&R AL it n X Bu) = K(k)(fe

VFKi(y) = —o0). HHK(y) = d/\ Kiy,K; € D?7P.
eN
K2 KRB K5 52, NAZEKO) BT A R 5
SeTRPREE S, W R S AR R R4
xk+1)= A (Ax(k) VvV By(K(y(k)))),

(r,5)elxJ

y(k) = H(x(k)) = /\T Cix(k).
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tion for output feedback stabilization)
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EX5 4B,=[B B B'I", B, 1 <
i < nEB AT, OB E XN
B, © Ki=[[BjK4 1" [BiKy,]" - [BiKy,1']" € D™ (5)

312 B,K(y) = l/\(Bs O Ky, L K1
el
BN R 5 ELAR I T PR R Fe AR AR 3,
_I’BBS‘ © Kl = Qsl, )rllJ(Bs © Kl)y = QSIH(X)-
313 BKOy»)= A (B;OK)OC,)x. Hr

(e,))eEXL
LA K (y) R 588 KI5 LR A A K 5 45 A
R, EJ2 H (x) B SARORG 52 BRI T A S0 R S 545
bk

ik H5IE2, A
B;K(y) = l/\L (B; © Kp)y = 1/\L QuH(x) =
ALN Qs © Co)x] =
leL ecE
/\ ((Bs © Kl) © Ce)x- (6)
(e,)eEXL
HEEE.
PRI, PATEA 2R 40 ] 5 1k
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ZRITAW R, EETIXLXE. (W) =
V (CV bi(s) + km(d) + cnmjt). W AR ZRiAT

I<sm<p 1<v<q
HIBLK, C, M, BL5 K, MC, 2 164 15 b VC id 25K,
Bid; t; A BHIAT B g, T A, 26 N — (s, 1, @)1
HAEE, Hrhmmoe —H(K,y,, -, Ka), etRE T —
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Ozl (s, L ) A 8. (A3 5 1o 31 o (1 1
o L b, (s), o) IR, T AEB, C, P T
5.

tH EL B4 IT V5, RS P IR B RS 52 [ fits
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X2,y Xns (A # —ooltt, xRl x 1 (r, 2) T 8L
(W, # —oolb, 7 x; Bl x; 1 (r, 2) (K.
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N Mx; = (r,2)B8IE; WHRR T (r2) € IXZ, xjt
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X MG BEIS, WIBRx; 5 x2S (K) i) s I R A8 73
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2) HONW.),,; # —oo(l < a, B < n), HiE
GADTHAEMAE T Mx;, = x, (1 <1, w < n)if
%, FE (R 2 1 B i R e s, I
SR T] oAk e

TER A B EC i s R b, ISP R nT fig
YT RGUF, G, H)F 5 NP R, IR le—
AT G IR B 22 4% I At IR B A 31 B2 iy (S (K)) A
FH, 3 500 LRI STk 2080

SIE 4 (S (K))JE K Tk HL U 1 8 1% 48 pR 2,
HUx(F) T4

WE AR, x(S(K))S 81 Bl R S N (el o8,
HEITIR, RGN It 5, ] Re s in ) Bl 48 200 x;,
R (1 1 i Bl X L B (1) ) B IS (B T dn: (k) =
0k + b)/1. Hrhof e R AN 5, bt — AN
BOERBMKE. o> 1,01, Biblf k) =6/l >
0, f(k) =T ki 18 S AR, £ (k) A& k) 2 R L
I, X (S (K)o R TR BEIE SR 2. Bk = —oo,
B KANHEIRAEAT B, Wy (S (K)) = x(F). Hix (S (K)R
TROJEAEE, 7T A (S (K)) > x(F), Vk.

I 5 2ySK).1 < i < ny(SEK))H
iAo i, 0 F o Al 8 TS (KO I ) — > o Ji B,
MW i(S (K)) = x (S (K)).

UE (A, V WS (K) I — N AR5, R
C(r,z) %g(S (r,z)(K)) EPxi (1) b3 , Bl ijg(S (r,z)(K)) SRVIN
Bl C oy T AT 45 05 Bl AT 1. T Ml J8 TS (K) 1 [FR]
g/l\gii%lﬁiﬂ%, F)TUEg(S(,,Z)(K))EPx,?ijﬁE%,
WEC ot A I 30 B X T K AT AT 4 2 T 2,
H e X3, B RwA, v W) < piA, v W), TR,
W EEUE (A, v W) < wi(A, vV W), FTEL, wi(A, v
W) = wi(A, v W)).

SIE 6 HSKHwMmIEBH, WS EK)H
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EX T WFWARKINRS, iR —
S Tt eR K ()1 A5 P IR RS (k) - xi(S(K)) =
Xi(SK), 1 < i,j < n, WFRIZZR G H 4t s i 4
JE.

SIE 7 XERIARG, A i SR FEK T %0
FAA K —oco, WIFE K g(S (.0 (K)H RGREMR A &5
AU FLADAT B &5 AT B, REMLRAS &5 m i F i P
IR SeAhgh r ) iR

HE Bx e BEADIRA 4 5. B T B, X TYC 4,
tj € e NATEgANT X = x;0q), Hewg;a)t) #
—co. HI T RGARIL, T LA, WAT Ex b 2D AEAE—
Muy, 1 < v < g, fli15b,,(s) # —oo; i HHKIF) &5 1),

keom = k # =00, 2 (bju(8) + kum + Cpugry; 71 (1))) # =00
THE, (WD) # —oo, MIRAFAEX; () — X, j # L.
T, X = X WG — x50y — xj HEUE
P, A BEVLIR A 5 i B AT 2 45 S A . i
LA, BEMLES rox B L3 B, 2 oA &5 s f) 3 el

SIER 8 AT AEMUIRAS 2l md FATAH 7] 1) Jo 5T
[H].

Uk e, HYI 7, X - x5, ) # i AP
Fix HEM, fx; — xii # j, BT I RERCIR A 45 05
T R KR DRIk, AT BEDIR AR 4
A AH (] 4D Jed S st 1

EHE2  WRRGESWHAL:

1) feik;

2) BAEE AN REMIRAS 4 A

3) ANHEHVIRAL: RN A AR,

W RGeS o] F A R R e, JF BT 45 2 1A,
Xo < A < +oo, FAEK Y i(S(Ko)) = A, 1 < i< n. Hh
Hxo = min max ;(A,).

1 1<isn

E B o — AN REMRE 4 ml. hihie s

A8, SR FH AR /N B R T 5 5 ) AR 48] R AR K B e
Bu(k) = Ky(k), KT I 762855 Tk, Al

k- k

Kdl.ZK: ,VdiEN,i=1,2,"'

k- k

T+, W, = [(B'KC,)T (B*KC,,)" ---(B"KC,)"]". 1%
I?J%Qﬂ‘&ﬁﬁﬁ%??\%S(r,z)(K)ﬁiE{ggui(Ar) <A
(b7 RGAFAE, T, X fir e 1, ?gl?g);#"(A’) >
A, Bl FTyo = min max u;(A,) < A7 J&!)

rel 1<isn

HIRGEAETL  x BEW, AT EITEE g(S (o (K))HH LA
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DL SR 45 1 jJDxiEgJ:%?uv-xjxi-xj ") Ym(t)Uys HIETB%Y
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FINITAT 5 B AT Bl S [R) /N 1451, B /A
T AP RSN TR) 25 ALl 5 137, Fok FAT S it
Pl i PR30 BB, TRk, o a3 Pl AT A 18
Wi ?Fﬁﬁ‘ivfﬁ;@{gié pi(Ar) < AT PR AR 52
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BER G AR OB K = K.z, E
JIEEPIES

Ko< = max k", (10)

(ro)el 'xZ
Hrr = {E?g;ﬂi(Ar) < A} LEEIG(S (o) (Ko) T, BT
A8 Ay el i R BA S fa) N T4 1A, o2 /AP fE
—ANFE 1R I 1) 55 T AL LA, (S (200 (K0)) = A
B | BE8, T BEMDIR AR5 i i 5 I () 55 T A, X
TARUARESS s, HTENHEE BRI, A
REWLR S &5 i BT S 0 45 R A i, DALt A
S KA BE N 3 A BE LIRS &5 s (M el o5 — T
[, T max wi(A,) < ASG1EET, ANREMIRA 45 /U

I<i<n
S B IS 1) B MR 2 5 s 1) JEL B N T e . T,
wilS (roc0(Ko)) = 4,1 < i < n.

HE X1, 73 p(S (1,200 (Ko)) = [4, 4, -+, )T R
f(r,z) el xZ, H(r,2) # (ro, 20), WIS 8] & SR
KA0), FHui(S n(Ko) > L1 <i<n.

XA (r,2) € UXZ)\U ' XZ), B3R, 1i(S . (Ko)) >
AL <i<n JTUAHZEHL vi(S(Kp) = 4,1 <i<n.
RIS v H Ko e

it 1 WRRSGSHEIEREMW, WA ZS o] H 4
R E, R HX T4 E Ay < A < 400, £f
TEKo Ty (S (Ko)) = A. HHyo = min max (A,).

rel 1<isn

UE I EESEN, P IR A &G A B A AH A 1 R
IFIR), B RG0S BEMSHE . F4e o P2 S 45t B 1) Fg it
J7iERI AT 1S 2K,

M RGIRWN(F, G, C), BIH(x) M HR K pR Hn),
S BE2 3B 0 A SCHR 9]/ 5 22,

4 Z5(Conclusion)

ASCEFT T — R /N RN 28 48 1) i ) e Tt
BEE L 25 T IR RGN R T R R R IA
3, T8 H IR AR KO 52 1 R GEAEAE T4 IR e T
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Pl g adt s TR B, a4 HH LA 240 T P BA K ot
ST RS IR E Y B v RE AL 2 4k iR,
e, AR A IR G Bl i, 25 T IZ R %
s RO ) — AN R A

AR R GN(F, G, H)fi B E R — A
I, RGLUF, G, H)fin R AGVEE (1) 7853 451 A]
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