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Cohesive Dynamics of Swarms with Finite-distributed Delays on /72 Time Scale

XTAO Qiang, HUANG Zhen-kun
(School of Science, Jimei University, Xiamen 361021, China)

Abstract: In this paper, a swarm model based on attraction/repulsion functions with finite-distributed
delays on hZ time scale was investigated. The stability of the swarm based on Lyapunov stability method and
theory of time scales was studied. It was shown that all the members of the swarm will eventually gather into a
bounded region in finite time. In the end, simulation results were presented to illustrate the effectiveness of
our results.
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ZEPRPAEEIR RS, M HRE B AR B 6], ASSCA 2 1 s LR, o 7 &l
M T REAAT N MBERI S S A5, IFE T R A Y — SR 45 R

1 &R

AT, 25— OC T AR Y S A S A —SE 5 38 BT AT AFESCER [12] hakE.

FFFRT L BUER AT E— N ESH 74, WR, hZ, N% §ikEFo.T—>T, EXHNo(t): =
inf{s € Tes >t} , HFHYsupT € TH,o(sup T) =sup T. BT p:.T>TEL Np(t): = supis
Tes <t} , HFHMSinf T € TH, p(inf T) = inf T. 5T EXH: Fsup T <+ o B, T, =
T\ (p(sup T),sup T] , HU T = T. HEEEu:T— [0, + o) EXLHu(): =0(t) —1. Y4
w(t) > 0By, FRe AAEYHOL; Mu(e) =00, FRe MAEWEL. C FRrf e XAET LGS
SRR EEELp(1) e C,HFHIERE . SHMEEN e T, BH1 +u()p(t) >0, Wicp(t) e R. #F
R p(t) e C, I FHWRE: WEERN: e T, A1 +u(t)p(t) >0, Wik p(r) € R*.

EBX 1 & fT—ReeT, MEREUTHRAR S, TR >0, 75 BB U, H.
lf(o(e)) =f(s) =f2 () (a(t) =) IS ello(e) -s|, Vs e U, MIKER fIE I A - FH =
FA() FEFTA te T 7878, TFR £ 2 A - AT R,

E1 B AR 1) HT=R, W) = lgii?[(f(t) —f())/(t=s)1 =f"(1), BIf R
WS FREG 2) #HT=Z, W () =ft+1) -f(1),t e Z.

SIZE 117 XML EMIFRT MR f (1) , #5fe C, HieT, N fj(t)f(T)AT = u(t)f(t).

= Log(1 +zR)/h, h >0
$i(2) = Log(l +2h)/h, = h >0 o | e BERHEEL C, =
&(2) =z, h =0
{zeC: z# -1/h} ;Z, = {z € C: - w/h < Im(z) < wh} , JFHY =00, Z,=C.

SIEE 2 XHERLE MHFRT FIRE p (1) , #p(t) € R, WA e, (t,,) LA HIH )8

E)ZZ:IZ: i)‘(f};:cﬁ_’Zh}—'g

— ity = p()y,y(ty) =1,0e T, Hie (1,1) = eXp(fl Eun (p(T))AT) Jtg,t € T.
B3B3 XMEEAEWNFRT, HERE y(1) /(1) e C, Hp(t) e R*. WXFHAEReT,

(0 < p(Oy(0) +f(1) , HFH y(1) < y(1)e,(1,0) + [ e,(1,0()) () AT, 0 e T

2 BRER
AT Z RIS n 4ERRGUES A R M ARG IR, BRI R — L MR B R
LA ZE B A5 b A A BR o041 Bk e A sl g R Aol
() = Y e[ [k =) (x(s) —x,()) A i = 1, My e T. (1)

Hrp, x eR AR E§1ﬁﬁ; g (=) R RIEAHE IS | FIHE R B e, IFROE & BAT KB B AR LI
SRR B A B HE R BRI MORERHART S MARAEH , Hom=3;k,:[0,hq,] N T—R" 2—PIERA

URHRAL, FCISHEA A, JEEIE [ (- 9)As = c. WA, RIRT K AZ, h RS

T g(+) SR RA RIS FHEF B, BT IRR AT &R ¢(0) =-yle.(|y]) -
g lylD ],y e R", Horfr: g, :R"— R AR HAKIE A TS K%L g, :R*— R AR EA MR

B ML AR PE R IR 0B |y ] = /yTy MERRIEEL
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6 U BARRS ] - HER BB g(y) =~ yla —bexp(— |y|Pre) ], Ha, b4k A
WHIFHR S, a,b,c PINIESEL, HHb>a, B g,(|ly]) = a, g (ly]) = bexp( = |y|/e).

3 EEFL
BRI BE R 1B T, SRR 0 B B x(0) = D (0/M, BB () =

Zx M=y Y el Tk =) (x(s) () 1AM, HTIHE, bl F I,

i=1 j=1,j%#i t=hqo

BRiZ 1 HeREU% L. k(1) = k(1) , Vt € [O hol, Yij=1.2, M,

AR 11558, «* (1) = Zx?(t)/M . g(J [ki-(t—s)(xi(s) -x,(s)) JAs)/M = 0.

R, %= Zx (0)/M EWRERMRR HOREZR. RMEED], RN OB ER,

= 4\1ZIKIEUB’J7I‘HXTJ§KJJ%/£1ZIKIMH5I€ A AR A B AL E R DT s s, B RO A
MR [ 7E 1.
E2 ReREEEPR bR A R, ad ZE AR I TR 5N [R] AL BT I 20 A ) B
Wi, A% PRECE AL E X SEE . VR 2 RGBT LSO AL R, DI &, (1) = e hy (1) = 178 55
ﬁﬂ?nﬁf{ﬂfﬁﬁd‘%*”lﬁﬁﬁ P, (A TICER [9] RAmRETEREE.

EX 3 BERMAEAE (1) B2REN, HHAEEFH o .6,y , fﬁhﬁlm zaHx (1) —xHB)

o, w (o) B FERTZ] 0 DL x (o) ERHARTONLE 'yfilﬂTEﬂZliﬁ'JjUJ\
g2 FAE—TIEHEESO, (5 [x,(1) —x(s)[SE, Vs e [1 —hg,t].
B2 KU, KT OARERRENS, JLT A B9 AR i (8] N AR AN 233 B R0 8 K. R o, =
(4.(0) = x,()) /(e = s) RTHITE, H5 4 M A RBUHIAT T ZB1038 57 5 I FL A RS RE
ICHHARERIR ST N |w, (1) —x|< 0,1 € [ - hq,,0] , HP o R—IEHEL
EE1 EM A2 T, Miowlf, x (1) =B (x) , BEREAL (1) MITA MR ES
—AEBRXIRN B (x) = {y(0):]y(e) x| <SRV, HH:R = (k, + /63 +4K,,,)/ (2K,) 1K, = 2ak(M ~
2) , k, = (2ahAéq, +2ahA0q, +2 @ + aéx) (M - 1) | Ky = (ahAq,& + ahérbq, + Em ) (M - 1) .
R % e (1) = x,(t) —x, ZELLT Lyapunov BREL V(1) = le,(t) | = (e;(t))"e,(t). M
(1) AR V() = (el (1) +e, (1)) el (1) = (el (1) +e (1)) x (1) = [2e,(2) + (el (1) —e;(1))]"
S alf B0 5 (0)89) , HR ) = oo RETI L, 850 [ -

,1,# t=hqq

$)[x,(s) —x,(s)]As = [Z;kij(lh)[xi(t—lh) ~x,(t —1h) ]h = ;kij(lh)[ei(t—lh) —e(t-1h)Jh =

f‘,kij(m)ei(z ~lh) - ﬁklj(lh)ej(t —lh)h = ikij(m)ei(z)h + ikly(lh)[ei(t —1h) - e(t) Th -

ikij(lh)ej(t - Ilh)h. iy, (1) = Jt} kit —s)[x,(s) —x;(s)JAs , HIMLATE], VA(t) = [2e,(t) +
(el (t) - q(t))]T{—a_Z + 2 &y, (01D (1)} == 2a(e, ()" 12 ;kij(lmhei(t) -

2a(e,(1))" D, Dk (Ih)h[e(t —1h) —e (1) ] +2ale,(1))" 2 k;(Ih)he,(t = Ih) +2(e(1))"

j=1,j#i 1=1 j=lj#i [=1
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M M q0 M

'_ll#g,(Hyij(t)H)yij(w - a(el (1) - e(1))’ ; ;kl;,-(lmhei(t) - a(el (1) - e(1))" 12
;kij(lh)h[ei(t —1lh) —e,(1)] +a(e (1) —e[(t))T.i’Z _ ;k[j(lh)hej(t —1h) +a(e’ (1) —e,(1))"

Z g Cly, (o) Dy () BRAE RS 2, # 5 V() <= 2a(M - Dkle ()| + 2ahéX(M -

J=1.07

Do |le,(¢) ||+ 2ah(M = 1)A0qq |le, (1) ||+ 2@ (M = 1) |le;(¢) |+ a&(M = 1)k|le,(¢) ]|+ ah&A(M = 1)q, +
ahéXbqy(M - 1) +ém (M - 1) =-2ax|e, ()| —2ax(M =2)|le, (1) |* + (2ahAéq, +2ahAbq, +2 @ +
aék) (M = 1) |le,(¢) |+ (ahdqy€® + ahédbq, + éw ) (M - 1) . % Kk, =2ax, H:

Vi) <= olle,(0) [P+ (= rilles (o) [P+ mafles (o) [+ &3)- (2)
BIRFFAER >0, R V(1) <—klle,(¢) P <O, HIKEY |le,|>RES, AVI() <0. K, W&
e, BB/, MA@ ook AR AL (B w).

EE2 k1, k2 MEM 1T, MMEE R >0, &k, <1 H hx, <1, WA A FIXIK
Bp(x) LISMG AR @ B A2 LA BREHE 7, Witk AR X I By (x) 20 < T, < In[(R +
R*)*/V.(0) Jh/In(1 - k) .

E B (2), BV s-kole, () P+ (=& fle,(0) P + k5 le, () |+ 55) . AR >0, 4
le,(¢) | > R+ R" B, b VI(t) <= klle,(0) [P =- s Vi(t) . MRIWHIH3, . V(1) e, (1,
0)V,(0) = (1 =k)""Vi(0) 3 V(1) Se_ (£,00V,(0) = (1 —k)"V,(0). HITO0 <k, <1HV, (1) =
(R+R")*, Hi<In[(R+R")>/V.(0)h/In(1 = k,) . MIi B, (x) LIANAAREAE T, IFE] Y EA
Byop: (x) FH T, < In[ (R + R*)*/V.(0) Jh/In(1 - k,) . TEEE.

M

3 M=l R (1) fE D) =xn) + Y e( Sk (D x(t-1) —x(t-D])s

j=lgi

i=1, Mzt eT, JUSFEBSUER 1 A2 FZE0. XFARRH B AU A A SCLE S, nl 2 ISk [137.

4 BUEHE M
JoTHAELLEMIEOMT, 4 I — S BORIEATRUERIL B FRERER. «2 (1) = X {(-

j=lj#i

Jt kij(t—s)[xi(s) —xj(s)]As} * {a—bexp[ 2/0)]},i:1,---,M. H

t=hqo

I ED IO ETIONY

t=hqq
M =30,h =0.5,a =0.005,b =1,c =0.5,q, = 2,k (1) =exp(-1),t € [0,1]. TER H, hiEs 1 Al
EHL2 AT R = 3.2 FIERRATE] T = 85.9. AMARYE sl AR S4B 2 0LE 1 fE 2.

FH, ATLATE R 2% e B AR IR S HOR B RO RE R RL, ARSI TR MU A5 R DLIET 3 FIPE 4.
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Fig.1 The swarm member cohesive Fig.2 The swarm member state in

space in 2-dimensional space 2-dimensional space
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