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Solving Time—delay Differential Equations in Several Numerical
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Abstract: There is different numerical algorithms solving ordinary differential equations, such as Euler,
Improved Euler, Runge - Kutta and semi - discrete method, which vary greatly in computational
performance. In this essay, we take bi-directory associative memory neutral network model for example,
sovle the time-delay differential equations of the model in several numerical ways and compare their
different computational performance with MatlLab. In addition, | briefly study their equilibrium point, the
existence of periodic solutions and stability according to the result of simulation.
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Fig.1 The map of simulation with Euler method
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% __6y(t) +3/2(x(t-7)) +30 (3)

X B 7=1.1499, x(0)=0.5y(0)=0.5, W ZRE M=ok — EEE, FH
MatLab H 7] DDE &k, XTUbHHmis s T 5, 458K 3 fix:
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Fig.3 The map of simulation with Runge - Kutta method

3.3 FHEWEREXHSHENRE
FEIX L, FA17%5 8 BAM 4128 I 28 A5 R ) 73 A I i il AR Y (4D i o
P2, 7 E R S B A N> 7 B (4) Zend 2 s i RE B HUL )5 2
R REARF KL
%l 3 % [& BAM M gAY (4) T8I 2 2 19 B B EUL 5 i A iUk Ja iR .
X, (N+1) = e, (N) X, (N) + W, () T, (f 9,,(8)X,, (N — s)j+ 1,,(n),

s=1

. (36)
X21(n +1) = ay (t)X21(n) + Wll(n) f11 (z 911(5) Xll(n - S)j + |21(n)’

s=1

Heray, (n)=3, a,(n)=5, 1,(n)=sinbzn, I,,(n)=cosbzn, w,(n)=3, wy(n)=1,
d,,(N) = g5, (n) =(exp(2)-1)/2*exp(-2*n), FEFHZE M 4% (36) HHEULE A ek %k £, (X) = X, k=1,2,
T A O 8 B AT DUADE ITIEIN0, BAM #4228 (360 fF1E— 2R e Eke e i 8 11
file B EA A R E 4.

AP ER, Hb=8, FHE=FYIHIREWT:

X;;(n) = 0.6 + 0.2 cos(2nbr), X,,(n) = 0.6 + 0.4sin(3nbx),

Y., (n) =-0.2 + 0.8sin(3nbx), y,,(n) = 0.6 + 0.5cos(nbz), (neZ;)>, (37)

z,(n)=0.2,2,(n)=-0.2
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Fig4 The global exponential stability of the periodic solution of the discrete-time neural network (36)
under the initial conditions (37)

4 BIERS HREERESMEBERAMREXIE ST

4. 1 BRECE. BOHBRCER 8- EEtE R e
B R . SO RO A A S s 2. YOa) TVt 2 k7 i RS
ARG y, =y Gn) AR, By ntl) [REEIFR N

2

Y0%,) = Y06 +1) = Y00) Y () + 2y (1)

EE[XKEHZ?%?%‘I‘ Ynau=Ynt hf (Xn ) yn) = y(Xn)+ hy'(xn)

2

ﬁﬁ*ﬁﬁﬁ" y(xn+l) Yo = h? y"(xn ) +eee= O(hz)
BINR RV W IR Z2 8 0(h"2), 4 h -0 BB 5 h2 ZFEIM LTS M.
X T B R T, FRATTRUE A — R TRk AL RS 20 (12) Bk i B . R
kl = hf (Xn ) yn) = hf (Xn ) y(Xn))
=hy'(x,)
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k, =hf(x, +h,y, +k;)
=hf[x, +h, y(x,)+k;]

0 0
:h{f[xn’ y(Xn)]+ha_X 1:[Xn' y(Xn)]+k15 f[Xniy(Xn)]"_"}
~hx,, y(xn)]+h2{§ X, yOx,)]
X

+y'(xn)%f[xn, y(xn)]}+---

= hy' (%) +h?y"(x,) + -
e (12) R =R ENE
h . h . h?
Yot = Ya +Ey (Xn)+5y (Xn)+7y (Xn)+"'
2
= YO HRY ()Y %,) +
EEREER A=A IS, KA y(X,.) - Y., =0(h®), BIIEAR— R EITi

WARLIER R (12) FIEKHR 28 0(h~3). ] L ESudk (R WK i 7 v b R 2= R B 2 v
Hk, ik tbd:, mPLABL Runge-Kutta 777 145 R EE Euler J73E. &Gty Euler
FiEFAE%Z . fEMEPK T, Runge-Kutta 77y H+HE &% Euler 77151 4 5, St

EWHﬁ%%:%O%Rm%«mwﬁ%ﬁ&%hEmmﬁ%ﬁﬁﬂm4,&ﬁ%BMr

JEEN 2 SR R KBS, {H Runge-Kutta 77475 LG Euler 773 (1
Euler 7iEIF15% .
AT LRI R IRATT AT DA A5 BL BRI 418

4. 2 FBEHE AR

R SR R G AT BEUE, BT 2w A A RhL % (Buler) . Jefk-E %
7% (Runge-Kutta) 3 £ if i, 1E 2 B EUL 5 I R SE R 3h 7 AV a] e -5 80 N 1 e 42
RGPTAT LR+ 70 AR, SXFE AT RE S SBAERT U S 3) 1 RGeS Pk Ag 1) — 28
Zhie, W R RIAEETE . RUE MR IR HE A BEE M o B, A7 3R, AT T
fEFNES: BAM FHLR M2 1) — AN BoRa g (101 sl A 2 b vEE IR B8 U AN PR 2
FOERIBLS . XA G R A, WHEBAGER A LRI ES R G HR %
TSEPRE S TR EBLEOR, O iz N TESEh I R G E L, JFea
MERE EUER 1R R R 2% 5 RS R ST A R 2 022 b . 2205 E P
RO A, ARSCEL R AR FhH ARG BAM #2437 880, @it EixhiEs: &R
ST R B, HATAT G IR HUR SR T EX NIRESE RGBT AR
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