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egto — difterential equiitions find speotal applicability within scientific and mathematical discipline.. In' this
work , the applicatioi’ of some collocatlon methods for solving:Integro — Differential equalions presenled. We
mployed two collocation methods namely, Standard. and Perturbed collocation methods and the  following
llocdtion points hamely, Equally spuced interior colloculion,

A ‘ ‘ - Chebyshev Guuss ~ Labatto colloeatjon  and
el liebyshev Gavsss Radau colloeation points were used . Errors analysis and illustrative examples werc included,
o 0 demonstiate the validity and applicability of the methods MATLAB 7 wag used to carry out the computation,

: ____,élc)anUdp that collocation methods discussed can be used oy & novel solver for linetr Ihtegro ~ differeiial
squatlons, g ' ; S it 1
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-'tl"o'diietlan-
Integration and differentlation became the basic tools 6F.-cniculus,

science and engineering, In recerit years, there hag been a grow
uations. A rigorous mathematical definitions and applicalions o

with numerous’ application i
ing interest in integro = differential
fboth integration and differentiation
g them were (Taiwo, 1991; Taiwo. and Tshol
zer, 2002) (o mention a Tow and derivutives arise in
ever a deterministic relationship involving some

functions and their rate of change expressed as
vated by classical mechanics, where themotion of a

15 d ) it as the time varies, thig differential equation may
citly yield the moHon..Num'ericaLan? ysis In mathemntics emphasized the rvigorous justification

of the methods for approximating solutions. Modeling and analysis of physical phenomena‘in applied
| applied sciences often generated non - linear mathematical problems, Non- linearity may be an inner
foature of the model, The theory and application of integral equations is an important subject within:

plied mathematics, Integral and differential equations were used as mathematical models for many
and phystoal situation acerued as reformations of other mathematical problems. Since many physical
probletns were modelled by lntegral and differential equatlons, the numerical solutions of such

equations had been highly studied by many authors in recent years ( see [Taiwo, 1991; Taiwo, and
Ishola 2009; Danful and Xufeng, 200

ore advance and efficient methods of integral equations such us im ‘ od, -
oduct integration Imethod, 'Hermite type collocation .methad, homotopy - perturbation method, |
Chebystiev and Taylor collocation, Haar wavelet, Tay Walsh series methods (Karamete and Sezer,

2002; Repan, 1995; Pour-Mahmoud et al, 2005; Rashed, 2004; Zhao and Corless: 2006; Wang, 2006,

 Rahimi- Ardabili. and Shahmorad, 2007) to mention a few, Our new approach is to improve on the

results arid computdtioral cost of the above mentioned methods,

have been corisidered by soime Mathematicians amon

2009; Dariful and Xufeng, 2007: Karamele and Se

many areas of sclence and technology when

cotitifuously changlng quantitiés (modelled by
ri

plicitly linear collocation method, -
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. Talwo, 0:A eral =N . : Y
§e
on, we consid

er the integro -- differential equation of‘thé form:

@) + g + A kx,0) y@)ar 1)
Ya)ma, (@)
;,ﬁit_ﬁoﬁ_iﬂf@dﬁté‘yal is:constant or variable,

s@w’,g(x)}‘; p(x) and k(x,¢) are given functions, whereas
>determined, - . " o

pllosation Method - Rk .
6]_ve e-m‘;lat[o‘n. (1) fdgethar with (2). we assume an approximate solution of
@) &Yy (*) =3 4,7, (%) )

N ol Tt i
(%) s the Chebyshev polynomial defined as:
T,() < Cosl rcosn[2E202a))
d satisfigs the recurrence relation | _
2’;;"‘.'“ T() =T, aSxsb  (5)
b _ _ _ﬁ
sabstiiuting (3) Into (1), we obtain

" Tr+l (x) “"'.2

N-- =~ s i N : ) b ; ‘N . %
::Z.a,. T (%) -‘—-'p(x)Za,Tr (x),+ g(x) + )»J; k(x,1) Z.ar L.4x) dg (6)
=0 b ru( 2 r=0

g rﬂuﬂﬁng_ the integral part of equation (6),

the resulting equation is then collocated by the three
lon points mentloned garller. That is, : g
) : ;

{0 Eqmu(v' spacéd mrer!&r' Eah’ocaﬁon points defined by #
: w=ar(Z8) mov @,

hléh prq'dﬁg'e N algebraic l'iﬁear systems of equafion In N+1 unknown constants
; . (r=0,1!2’ IIICN);

. One extra equation is obtained using equation (2). Thus, altogether we have
_+1')‘:hlgebraic linear system of equations in (N+1) unknown constants. The resulting (N+1) algebraic
near system of equations are then solved using MATLAB 7 to obtain the unknown congtants which,

o then substifuted back into equation (3). : |

3

() C‘Iéeby;}:gv Gauss Lopatto Co

llac_atién points dqﬁned'by: Fis i

xﬁCos(%,-’-]; =N @)
which produce N ,'qlgebraig 1{,; P

e ektl:a'eq'uution is obtained using equation (2). Thus, altogether we have
mﬂ):f{,glgebrqlc linear system of equatloris In (N+1) unknowh constants, The resulting (N+1) uwlgebraic
%ﬁliuearfﬁystgm of equations are then solved using MATLAR 7 to obtain the unknown constants which

¢ thqa) ﬂuhstimted back Into equation (3). :

ear systems of equation in N+1 unknown constants




pp]lcafion of collocation ethods Foi the numerical solution ofintegro - differential equations..... ) 14

: _ Cliebyslfev (r‘au.s'sPRadun Collocation points defined by
X, = Cos| —— k=1()N 9
“._“k_ '“‘ [N-i-l]’ _ ( ) i ( )

algebraic linear systems of equation in N+1 unknown constants

v “N): One extra equation Is obtained using equation (2), Thus, altogether we have (N-1)
linear system of equations in (N+1) unknown constants. The resulting (N+1) algebraic linear
equatiohs are then solved using MATLAB 7 to obtain the unknown constants which are then
d'into equation (3). ; , .

In ;ghig'._guctlpn, we discuss the Perturbed Collocation Method, This metliod Is aimed at irﬁprnvlng
curdcy and efficlency of the standard collocation method discussed In section 1. above. To
cuss this ‘method, we assume tie form of

approximate solution given in equation (3) and then
bstltut?,;ih;qp slightly perturbed equation (1), we obtain, ' ﬁ
e A 2 ; .

r

ar n'(x)":i'p(x)Za,T, (x) + &(x) + AK [k (x,t')f,:a,, ol (x)JdH- Hy(x) (10).
hete, o ‘ o ' " :

W(x) = t,‘TN'(x) ol () and T, (x) is the Chebyshev polynomial

nd Ty are free tau parameters to be det er min ed.

; ; e two free tau parameters introduced and also the
collocation points need to be adjusted in ord

et to cater for the unknown paramelers to be determined,
e'also feifiark hete thet the method involve

_ | r more computational work when compare witl -
,‘S?b fanddrd hiethod disoussed in section 2. ‘ _

Y'(%) =3e 3*4-;-(2e’ +)x+ J:Bny(t)dt.
with initial condition ¥(0) =1
For. which the exact solution is W(x) = e

” %) = Cos(2x) — 2nSin(270c) -zl-lSin(4mc) + [ Sin(dme+220) (1)t
wirh ihitial condition y(0)= Ly .
«Jor which the exact solution is y(x) = Coy (27¢)

: _ of c"ie‘,g‘ree‘N defined,
59 equation (1.3), 7, a G
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der Integia - differential equatlon;

=X ¥ =—In(l4x) + = y(t) dt : e
2 ol (q,: ) (ln2)2 'L 1+fy ok iR ;]_l}
i condition y(0) = 0, - ' ko
he-exact solution is y(x) = In (I+x), 4
ency of the present methods for the problems in comparison with the exact solution,
eorror which is defined as: .
max|ys - y(x)|
‘0 sxs) . v
me numerlcal' tesults of these 'cxai'nples- are shown in tables 1 — 9. Results indicate that the
q!fgenpb”.,grg:q:;,is Yﬁ?ﬂ‘fﬁﬁ and as N Increases, it is worth noting that the Perturbed Collocatjon -
d with G_lﬁusé& Radau points Is the fast conyergence to the solutions. !
: " Table I: T}\iuntel-lc'al results of exampla'.l for case N=4,
Standard Collocation Method Pei’turbed Collocation Method T ;
E) ‘-‘E'c]u;:x_lix T Gauss Lobatto | Gauss Raday Bqually Spaced Gauss Lobatto -Gauss Radau
7 'aoud“l?oklts Points . Points Points, (PESP) Points(PGLP). Points(PGRP
v VR 0 B o 0L 0
8.334x107 | 6.334x107 8.312x107 8.302x1077 i | 6.201x10~7
3213x107 1 9.892x10 | 6.915x107 | 6.811x10~7 6.721x10
4161107 -~ 12.143x107 | 4.467x10°9 4.401x10°° 4.391x10~¢
15000107 132824107 | 4.114x10° 4.099x10 7 4,043x107°
5.631x107 4.607x1r_}" 2.398x10C | 2314x10° 2.299x10 7%
___Table 2: Numerical rosults ol'example 1 for case N6, :
gp__clr_:rd Cd]ld_cation Method_ ' o 5 Perturbed Collocation Method »
Equally - - Gauss Lobatto | Gauss Radau Equally Spaced | Gauss Lobatio . Gauss Raday
Spaced Points | Points: Points Points(PESP) Points(PGLP) Points(PGRR
0 i 0 0 0 0 g
326%107 | 2.698x10™ . | 1.909%10° 9.899x10 ~° 9.727x10° 9.711x10~%
431x10 ™ 24320107 1 2.034x107° [ 4.628x10° 4,533x10 4.439x10 "
63107, | 3.648%10° [2481x10° | 3611410 3.516x107" 3.428x10” |
31107 | 6.049%107 | 3.411%10° | 3.106x10 3.063x10°* 3.048x10°%"
: 661107 | 7.134x107° | 4.672x10 2.662x10 7 1.996x10 "% 1.1'97x10“';:
: ;
N ¥ j'
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Numerical xesults of example ) for case N=10

- Uduss Radau

{.Berturbed Collocation Method -

l-'quully bpuced Gauss Lobntro

(J‘AUSS Raclau .

| Points Points(PESP) . - Points(PGLP) Pomls(PGRI’)

0 10 0 0 o

1.6.163x107° | 9.899x10 9.727x107%  |9711x107 |

| 5:619x107 | 4.628x10 4.533x10" 4.439x10°*
4.992x107° | 3,611x107 3.516x10 "% 3428x107° |
4.593x10™ [ 3.106x10" 3.063x10 7 3.048x107%

---4112xfo" 2.662x10 1.996x10 ~? L197x107F |

ahle 4 Numerlcul requllq of example 2 for cuge s

e}

- "!Standa Collocat!on Method

Par!mbud Collooatlon Method

=0

Perturbee Collocation Me rhrm'

Gduss Lobatto | Gausg Radau Equally Spaced Gauss Lobatlo Gauss Radau
Poliitg | Points ' Points(PESP) Poinls(PGLP) Poinis(PGRP)
: 0 0. R ) 0 -
2412%10™" . | 2411x10 6.233x1076 - 6.221x10 6.209x10 =
3629x10 1 2.969%10™ | 6.044x]0° 6.016x10° 6.009x10
6.992x10™* | 5.668x10~ 5.893x10 7 5.723x10 5.657x10 "
245X10° | 7.899x10~ | ugs0,10°7 4418210 4.329x10 "¢
L118x107 | 1,116x10~ 2.493x10 2239x10° | 2.112x107¢

‘G‘t-m.v.\' Radauy

Gausy Lobatio Lyually Spaced Guauss Lobane ™™ ‘Gatss Rerclan
.qurs Pqinrs Points(PLSP) Points(PGLP) Points(; PGRP)
-0 10 0 . - 0 0 :
6.287%107°. | 6.248x)0 9.698x%10™° 9,432x10 ™ 9.413x10"™
[ 5:587x10™° | 5.421x10%- 3.116x10 " 2.115%107® 2.113x10%.
1 5211x10% [ 's113x10- 3.597x10°% 3.403x10 7 3312x107%, |
- 14.258x107° | 4.031%10- 2.993x10 "8 2.675x10 78 2.667x10 "
-1 2.067x107 | 1.983x107 | 2.664x10F 2.447x10 7 2.380x10*
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- Table 6: Numerlcnl resnlts ol example 2 for case N=10

i tandard Collocation Merhod .| Perturbed Collocation Mefhod.
~| Gauss Lobatto | Gauss Rada - Equally Spaced Gauss Lobatto Gauss Radau
| Points Polnts Points (PESP) Points(PGLP) Points (PGRP),
2. 1[0 0 0 0 0

216992x107 | ¢.812x10° 4.914x10 "2 4.779x 1012 4.666x10 ™12

| 6.813x107° 6.569x10 - 7.889x10 "2 7.856x10 712 7564x10 T
4718%107° 139995107 | 132000 0 ncmm_____‘___.__g__ 8907x10 "
2.499x10 " 2.086x10 ¢ 9.936x 10" 0.883x10 "2 9432410 "
1443x107 | 1.136x107° J.ma'xm"“' 2.660x10°"" - | 2.163x107"!

- Table 7 Nlunencal resu[ts of example 3 for case N==4

Stundnrd Culluaatlun Melhod Put'turhud Colloeation Method
Equally® - |"Gauss Lobatto [.Gauss Raduu | Equally Spaced Gauss Lobatto Gauss Radau
Spaced’ Points Polnts Points Points (PESP) Points(PGLP) Points (PGRP).
Ok 0 | 0 0 iy 0 . 0
5.248x10 5,214x10 9.995x10 "6 8.772x10 7 8.719x10
LO67x107 | 104410 [8.941x10° | 92310 8.892x10
1.039x10 1.027x107% | 6.813x10 " 6.632x107¢ 6.602x10
-1.021x107 1.019x10 3,117410 2.559x10°6 2.141x10 "¢
1013107 | 1.007x10 7 1,692x10 2.013x107°° . 2.009%10 ¢
| Table 8 Numerical reslulta of example 3 for case N=6
Standard Colldcatlon Méthod /. | Perturbed Collocation Method - g
Gauss Lobatlo Gauyss Radau. Equally Spaced Gauss Lobatto ‘[ Gauss Radau
Points - Polnts Points (PESP) Points(PGLP) Points (PGRP).
0 0 0 , 0 W [oi © '
7.694x10 7 7.389x10 5 8.613x10°7 8.555x10 " 8.431x10 "
4610107 | 4.545%107° [ 7.349%10~ 7.321x10 7 7222107
2.143x10 5 2.122x10 7.631x1077 7.249x1077 7.218x10 7
1.453%10~ 1,025%10 3.699x10 7 5.562x10" 5.382x1077
1.112x10~* 1,002x10 4.840x10 7 4.118x10~7 3.899x10 7

S
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