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O ABSTRACT 0O

In this paper, we propose a numerical technique to simulate the solutions of some
stochastic delay differential equations (SDDES). The proposed technique uses polynomials
of fourth degree with five collocation points. A mean-square stability of numerical
technique is studied when was applied to a test model of SDDE with modeling continuous-
time discrete wiener process. The study shows that the proposed numerical technique is
stable and convergent from order third and half when applied to a test model.

The numerical accuracy of the proposed technique was tested by simulating the solution
for three nonlinear linear test problems. Numerical results and comparisons with other
methods indicated the effectiveness and efficiency of the proposed method.
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Losgiay ¢l (1)dsandl & zpm . bl Jad) ae dilaall s jidall Zagyhally goaed) Jal) 3S1as (3)JSA
bl ity AGph, Lakl s diph ae Al Al A5pR1 ol dall (A Glayal)
[5] gl b

Wi by Ale

0.3

0.2

0.1

)i

10.1
00.2

103
AR N=120 Ja¥ [0,1] (b3l el (b Al gliall S g ddas 358 :(2)Jd
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A @il aa da i) A8l aladiuly gasad) Jad) b ey pal) i giag ¢ UadY) 435\ 11 gand)

S5 | [5] Al suad ik | [5G Gk i siiall Ly e

o Al AW S AR | aswasy | J4as FIRFTINT TN
3 0.0014 1.0983 E-04 | 438E-02 | 3.1E-03 | 0.000187856 | 486009 E-5
4 |0.9635E-03 | 2.1393 E-05 | 3.24 E-02 | 1.7349 E-05 | 5.63504 E-05 | 1.45803 E-5
5 |3.9558 E-04 | 3.3902 E-06 | 5.7 E-03 | 5.5209 E-06 | 1.69051 E-05 | 2.37408 E -6
6 | 1.0095E-04 | 45807 E-07 | 5.5E-03 | 5.600 E-03 | 1.52146 E-06 | 3.93667 E-7
7 1.9067 E-05 | 6.1999 E-08 | 9.1 E-03 | 2.2626 E-05 | 4.56438 E-07 1.31222 E-8

G Jall ae o Jall

AL n=120 Ja¥ [0,1] el Jlaall (b (38al) Jad) aa (o A Jad) BlSlae 3(3)JSl

[9]:3Y) dphadl) e Al pitall Alolisl Alsbaall S Lylsal 3 3ali 22 Adlaual)

dX (t) =[-2X (t)— X3(t) + X (t =D]dt + X *(t) dW (t), t €[0,2]
) Loyl ae

X(t) =1, te[-1, 0]

(5)JSa & auys Ak N=256 Ja¥ [0,2] ieil) Jiaall 3 sy Aglec luse 8L (4)JSN 8 auy
(2)dsadl & mpn =27 355033 [0,2] el Jlaall 8 da i) 43l 2Ll Jal Zpnae 3lSlas
[9] & Theta il ae cljlaally dajidall Zagylally goxal) Jall 8 cUadd) sl cVane clijlie mil
LAt =27k =6,7...,10 cshall Hlasiuly
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Wi by dle
0.6

0.4

0.2 /b\

(] ry
'ﬁf 0. 140 15 2.0
102
0.4

B& 1=2° 033 [0,2] e ) diaal) (B ai gl i ke SUSlan £(4) JS

- @Al Bibh aa da i) A3yl aladialy o UsdY) eV are 4550a 12 gand)

h=27° h=27° h=278 h=2" h=2" dapall ol
0.0003316 | 0.0006211 | 0.0011631 | 0.0021781 | 0.00407889 | As il 44, k|
0.0011661 | 0.0017213 | 0.0024775 | 0.0037120 | 0.0056293 | [9] Theta &k

N Ty

0.5 1.0 15 .0
=270 5583, 10,2] et Jiaall b A hal) 48 haly 24l Jad e lSlas 1(5)JSd

[2]:5.59) Stratonovich Gasa 38, duhall e ddlsial) ddoalil) Aaled) Tual 1l s 3400l

dX (t) =[-2X (t) + 2X (t — 7)]dt +[sin(X (t)) + X (t —7) ] AW (t), t € (0, T],
A i) A e
X(@t)=t+7, te[-7, 0]
3lSlae (7) IS 8 ansyis N=512 JaY [0,1] el Jlaall b shig dilee e 5S1as (6)JSEN 3 s
8lSlae 3 (9)~(8) Sl & auyis ch =27 5ha, [0,1] el Jlaall 8 iy ylay 3Asall Jad dpaxe
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Aaphll i) Apes Al cadll Glplie # (3)dsanl) A gadli Lol dall & 4l cUadl)
G il sl Aiphy sl Al diph ce @byl dt =27,k =6,7...,10 @iskall aadiul
sJaly n=27,2%,2° dan dlasiuly ol Jall b el Uadll dapa axdius L [2]

~ Rate = Log,(

1 1/2
Es" =(_ Z|Sﬁ(tk)—3ﬁ,n2(t2k) |2J
n k=1

n

S

EESZ”) ARl (g gl ol Jana (amy g LS

0.4

0.2

Wi s

Lle

010.2

/w .6 0.8 1.0

Adaii =27 Ja¥ 40 sdall Hiy g diles 5lSlas 3(6)JSAY

N Y

0.2

0.4

0.6 0.8 1.0

=27 5ghiy da el Al plally 3d0Lcal) Jad dpase 5lSlas 1(7)JSEN
@A) @ik dasial) 4y k) alaiialy gamd) Jall A A8 k) Aiseg Ahl) o UndY) 4l 130 s2al

[2] ol ) Qi | [2] ol il S 0 i) sl
i | P | S| g | gy g
Phr Pnr '
277 0.44 1.252E-02 0.45 1.263E-02 1.0878 1.65409 E-3
28 0.51 9.219E-03 0.51 9.246E-03 1.1635 7.45803 E-4
27° 0.49 6.462E-03 0.48 6.471E-03 1.0690 2.30861 E -4
2710 Non 4.617E-03 Non 4.627E-03 1.3521 1.08623 E-4
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wsd Ul

0.0010} 1
0.0008 | '
0.0006 |
0.0004/

D
0.0002 | ¢

a 0.2 0.4 0.6 0.8 1.0

SN =27 & 3ak da el 48y phally 30wall gasdl Jall 3 ES" (s 5l Uil 5lSlan 3(8)JSdd)

gﬂ\ Uaall
0.00035 '

0.00030
0.00025
0.00020

0.00015}

0.00010+¢

0.00005 ¢

0.2 0.4 0.6 0.8 1.0
.20 = 28 4 ja% da el Ay plally 3Alaall gaul) Jall b ES2" o gl Uil 5lslas 1(9)JSid)

tlluagilly claliiiuy)

dhadll ey dghadl) 5alidl Agisiel) Alalil) cValed) o il an Jslal dae 3lSlae Ciadd
Al gulad vy caaend Bl ) ae Aabll Aajal) e R 3paa LIS e Cadie) dae 4 alasiuly
Coaa oy BE e 25 Ay (e Aliay Clayyall Taussies Bk Bine il Laaill udi e L) Alle e
i)zl s G ¢(9)(2)JSEY) b Aaldl ilasu )l g LS ja€ an 1) Llsil) Jal) adis b
Syl e Lilie slaaVl sya il Cud dagidl 250l of ) (3)=(1) Jslasd) 3 £ UadY) eV andl
gl 5wl 5 anll Al iyl 5 ([9] 8 Theta daphay fS] ganall (b il Cauiindsy jviad
2] el &

1Y) Allall Ja 3181aal da i) dpaal) dapylall 3uksi :Mathematical 1 daly o guls galin

Clear[f, X, x, T, t, h1, h2, h3, c, r,n, Spl, W, z, a, b];
m = IntegerPart[2/\7];
T=10;n=m; dt=(T)/(n); h=dt;
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a=-09;b=0.1;b1=1;b2=0;b3=0;
For[i=0,i<=m, X[-m+i] =1+ (-m+i) h; i++]
WI[0] =0;
dW[1] = Sgrt[dt]*RandomReal[{-1, 1}];
WI[1] = W[0] + dWI[1];
For[i=2,i<=n+1,
dw[i] = Sgrt[dt]*RandomReal[{-1, 1}];
WIi] = WIi - 1] + dW[i]; i++]
i=1; X[0]=1;
Ex[t_]= (1 +b/a"2) Exp[aht] - (b/a) ht-b/a"2 +
bl Exp[a h t] Sum[Exp[-a s h]*(W[s + 1] - W[s]), {s, O, t - 1}];
X0 = X[0]; X[1] = Ex[1];
For[i=2,i<=n,t=(i) dt; X[i] = EX[i]; i++]
ListPlot[Table[{i dt, WIi]}, {i, O, n}], Joined -> True, Mesh -> All,
PlotLabel -> "Wi Wiener process ",
PlotStyle -> {Black, PointSize[0.01]},
AxesStyle -> Directive[Thickness[0.004], 12]]
Exact = ListPlot[Table[{i dt, X[i]}, {i, O, n}], Joined -> True,
Mesh -> All, PlotLabel -> "Exact Solution™]
hl=0.75; h2 = 0.85; h3 = 0.95; z[1] = h1; z[2] = h2; z[3] = h3; z[4] = 1;
Off[LinearSolve::luc];
For[r=1,r<=n,
For[i=1,i<=4,i++, x=z[i]*dt; t=x+dt*(r - 1);
f[i] = a*dt*X0 + b*dt*X[-m +r - 1] + (b1 + b2*X0 + b3*X[-m + r - 1])*(W[r] - WI[r - 1]);
ja[i, 1] = dt*(1 - a*x) - b*x*(WI[r] - W[r - 1]);
ja[i, 2] = dt*(x - a*x"2/2) - b*x"2/2*(WI[r] - W[r - 1]);
ja[i, 3] = dt*(x"2/2 - a*x"3/6) - b*x"3/6*(W[r] - W[r - 1]);
ja[i, 4] = dt*(x"3/6 - a*x"4/24) - b*x"4/24*(W[r] - W[r - 1]);
I
¢ = LinearSolve[{
{ja[1, 1], ja[1, 2], ja[1, 3], ja[1, 4]},
{ia[2, 1], ja[2, 2], ja[2, 3], ja[2, 4]},
{jal3, 1], ja[3, 2], ja[3, 3], ja[3, 41},
{ia[4, 1], ja[4, 2], ja[4, 3], ja[4, 4]} },
{f[1]. f[2], f3]. f[41} L
X = z[4]*dt;
spl[r] = X0 + x*c[[1]] + x*2*c[[2]]/2 + x"3*C[[3]]/6 + x"4*c[[4]]/24;
t=x+dt*(r - 1);
X0=X][r]; r++]
al = ListPlot[Table[{i dt, spl[i]}, {i, O, n}], Joined -> True,
Mesh -> All, PlotStyle -> {Black, PointSize[0.01]},
PlotMarkers -> {"*"}, AxesStyle -> Directive[Thickness[0.004], 12],
PlotLabel -> " The Approximate solution with Exact"]
Show[al, Exact]
For[r=0,r<n,t=dt*r;
Print["t", r, "=",t," ***Error= ", spl[r] - X][r],
" Sp(t", r, "M)=" spl[r], " Exact Xt=", X[r]], r++]
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