SDPS—

] 12 bk ithm 2 e g

.

4

o *

s 8
& ¢
& b
& i
i :
=5 {
4 ;
A

h:

]

f
[

e TErs

IS
P BRRIOFINIGERIA

MATHEMATICAL ASSOC\AT\ON OF MIGERIA
(M.AN) |

THE JOURNAL OF THE
| MATHEMA'H(M ASSOCIATION OF NIGERIA

/
VOLUME 44, NUMBER 1
JATHEMATICS SCIENCE SERIES

| SEPTéN\BER 2017

NR-ISSN 0001 3099

Editor-in-Chief:
Professor K.0 Usman

manpublications@gmail.com







i
!
\

fAssociate Editors

Professor (Mrs.) M. I, Salman
Department of Science Education
Faculty of Education,

University of llorin, lorin, Nigeria

Professor I, T, Jolayemi
Department of Statistics
Umvcrsity of llorin, llorin, Nigeria

Professor Herbert Wills
Department of Mathematics
Education, Florida State University,
Tallahassee, Florida, U.S.A.

Professor A. I. Ochepa
Federal University Lokoja
Kogi State

Professor O.S. Adegboye
Department of Statistics,
LAUTECH, Ogbomoso, Nigeria.

Professor A. Gumel
Department of Mathematics
Arizona State University
Arizona, USA.

Professor B. A. Oluwade
Department of Mathematical Sciences,
Kogi State University, Anyigba, Nigeria

Professor M. R. Odekunle,
Department of Mathematics
Federal University of Technology,
Yola, Nigeria.

Professor A. A. Tijjani
Department of Mathematics
Ahmadu Bello University, Zaria, Nigeri,

Professor . A. Adepoju
Department of Mathematics
University of Lagos, Lagos,
Nigeria.

Professor G. O. s. Ekhaguere
Department of Mathematics
University of Ibadan, Ibadan, Nigeria

Professor M. A. Thiejugba
Department of Mathematical Sciences
Kogi State University, Anyigba.
Nigeria.

Professor A. U. Afuwape
Obafemi Awolowo University
lle-Ife, Nigeria.

Professor Mamman Musa
Ahmadu Bello University Zaria
Kaduna State.

Dr. M. L. Kauragini
Kano University of Science and
Technology, Wudil - Kano State.

- Nigeria.

Professor Ibrahim Galadima
Usman Dan-Fidio University
Sokoto

Prof. (Lady) Uche Agwagah
University of Nigeria
Nsukka.




;‘\1“9.

10.
s

12

13.

14.

15:

16.

19:

18.

19.

20.

Produced By Coca-Cola Bottling Company Challawa Plant Kano

Table of Contents

Yahya, W. B., Adeniyi, I. A., Olayemi, R. M., Dauda, K. A, Olorede, K. O., Banjoko, A. W,,
Garba, M K.and Ezenweke, C. I‘.):l On the Efficiency of Maximum Likelihood and
Restricted Maximum Likelihood listimators for Linear Mixed Effects Models

Gegele, 0. A, Tuiwo, O. A, Uwaheren, 0. A und Etuk, M. 0. Computational Methods
for Higher Order Linear and Non - Linear integro ~ Differential Equations by
Spline Collocation

Sagir, A.M.: Towards an Improved a Neuro-Fuzzy Classifier for Medical Diagnosis

Agada, RO{I Agada, 1.0, and Odia, J.:Modeling the Sequence of Wet and Dry Days

Conditioned on the Oceurrence of an Extreme Weather Condition in Port Harcourt, Nigeria.

Mohammed, A, and Ifeanyi, M. C.: Extension of Measure Functions over Sigma-Algebra -
on Finite Matrix Set to Finite Rhorix Set

Yakusak, N.S. and Adeniyi, R.B.; Three Off-Steps Hybrid Falkner - Type Block Method
for Solution of Second Order Initial Value Problems

Mohammed, A: & Balarabe, M.: Formulation of Cardinali‘zy of Green's

Relations in Semigroup of all Rhotrices over Finite Field o Prime Order

Ajisope M.O.,Rauf K., Anthonio Y. O., Kanu R.U. and Omolehin J.O.:
Extension of Variants of Hardy Integral inequality

Uwaheren, O. A. and Taiwo 0.A.: Numerical Solution of Multi-Order Fractional Differential
Equations Using Orthogtmai Polynomial Basis

Ali M.S.:Synthesis of Fuzzy Optimization by Pseudogoal Function

gjo T.O. Ogunle%e, T.A., Olawuwo, S. and Adeleke, M.O.: On the Optiro! Crain
1eld of éowpea atieties in the three Senatorial Zones of Osun State, Nigeria

Abdullahi M.A., Mohammed A, Aliﬁ'u D.H., Computational Study on application of
Nanoparticles as a Drug Carrier on t :

e Wall of Stehosed Arteries
Akande, K.B. andlbratiim, M.O.: Application of Differential Transformation Method
in Solving Optimal control of Terrorism Model '

Funmilayo, H.O. and Moses, S.D.: Free Convection Flow of dissipative non- <
Newtonian fluid along a vertical plate in a porous medium

Aliyu, D.H., Abdullahi, M.A., Rakiya M.K.A.:CRT-Based Access
Control in f3ig Data X

Oahimire, J.I, Lelea, O.L. and Olajuwon, B.].:Effects of Chemical Reaction and
Thermal Radiation on Heat and Mass Transfer of Mhd Flow in the Presence of Thermal
Diffusion and Heat Source :

Ibrahim, A.M. and Mukaila, LF.: Subreflexive Property of Fuzzy Relation

Audu, A. and Adewara, A.A.: A Factor-type Estimator with known functions of Auxiliary
variable in Single-phase sampling

Baraya, M.Y. and Sani, B.: A single-item inventory model for delayed deteriorating
items with inventory level dependent demand rate and time-dependent holding cost

Lukman L., Yusuf M. K. and Shehu A.A.: Sensitivity Analysis on Soft Drinks

23
13
4]
]
55 A
1
% §
‘,J‘
87 §
o4 |
4
98 j
104
10 - 4
118 i
3
127 @
5
134 3};’{
g
4 g
151
163

171




\vol, a4, No 1 - Se0ts &r g
COMPUT.’.“"ONAL METHODS FOR HIGHER ORDER LINEAR AND NON - L}:\L..\R
INTEGRO - DIFFERENTIAL EOUATIONS BY SPLINE COLLOCATION

1BACUS, Mathematics Science Serles,

3 4 Al
Gegele, O. A, "Tniwo, 0. A, 'Uwaheren, O. A and Etuk, M. O
Department of Mathematics and Statistics, Federal Polytechnics, Bida, Nigeric.

% '1)0[)1'/ iment of Mathematics, Faculty of Physical Seiences,
@ \BSTRACT University of Horin, Nigeria
‘\&ié ,,;\I.':,:,I,::{:;,:é ‘;‘."‘ el "“’“ Spline collocation methods namely standard cubic Spline and non b
¥ e, Pline colocation to sol v third and fourth order linear and non — linear integro = differential
= 500. g Squations, Mﬂvlon Kantorocivh scheme was used to linearize the non- linear term in the case of non
& ’.wm' equation and this leads 10 an iterative procedure. The resulting system of linear algebric equations
& 505 then salved wsing MAPLE 13, The methods are applied to a few examples to illusirate the accuracy
g “nd effectiveness of the methods.
KNey werds: Cubic Spline, Non - polynomial Spline, Higher order integro — differential equation, Collocation.
§ 1.0 INTRODUCTION:
‘ntegro ~ differential equations play important role in many branches of linear and non-linear
~otional analysis and their application in elasticity, engineering, mathematical physics an.d contact
“\ed problem (Farshid and Elham, (2013)). Because of the importance of integro — differential
-suations to modern mathematics and coupled with the fact that this class of equations are rarely
k “wved analytically (Taiwo, Jimoh and Bello 2014), researchers in recent time .ha'v'e employed
' _sous numerical methods to solve integro — differential equations among which are Laplace

-<:omposition methods, Pade approximant wavelet, Homotopy perturbation method (Bahuguna,
_ 2van and Pandey, 2009; Abdul-majid, 2011. Others are Legendre polynomial (Abbas and Mehdi
_.0: Edalatpanah and Abdolmaleki, 2014, Chebyshev wavelet (Barzkar, et. al 2012); (Gamze. et
% 2012); (Maleknejad and Attary 2012), Taylor’s series method (Eke and Jackreece, 2011); Darania
=~ 2 Ivaz, 2008) and Haar wavelet (Fayyaz and Azram, 2013); Suha and Amal, 2012).

For more accurate results, the Spline approximation methods has been the focus of
chers in more recent time for the solution of ordinary and partial differential equations:
-~z zral equations and integro — differential equations ( Navnit, 2012); Jalil and Reza (2009); Taiwo
- = Gegele (2014); Arezoo (2012); Ahlberg, Nilson and Walsh (1976); Gegele (2004); Zarebnia.
~ - <nvar and Sedaghati (2011)). B

We focus on the application of standard function and non linear polynomial Spline
_-:uons to develop numerical methods for obtaining smooth approximations to the solution of

- z==r order linear and non linear infegro — differential equations of the form

FESCAT
= S ORT

iP’ @)+ [k(xe)pe)dr = f(x)‘_‘ 0
With the initial conditions ;
)

y?(0) =4,, 2=0,1,2,....,n-1
. ~zr¢ P (x) are constans or constant coefficients are, k(x,t), y(t), g(x)and f (x)are given
— -th continuous functions; @, band f_, are f:fonsta.ms, #is the order of the derivative and

1s the unknown funetion to be determined
ngiariv. the 7t * order non- linear Fredholm integro — differential equation is written as

- b
SR04 k) OGN = £6) ®)
}iith the initial conditions
#)

BRI = e OB |
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£ xample 4: Consider the
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()= o* +(1=6)x-2+ J{(x,-*zt)y»(t)dt

with theinitial conditions
y(0)=1, y'(0)=1, y"(0)=1

The exact solution is y (x)= ¢”

fourth order non - linear Fredholm integro

differential equation

yW(x)=e" +1- e+j: ¢!yt (t)dt

with the boundary conditions

g (0)=1, y"(©)=1, y)= & ¥ ()=
X _ The exact solution is y (x)=te"
Table 1: ~Numerical Results for example 1 when N =10
g i Exact solution Standard Cubic Spline | Non eolmomial Spline
e BT
00000000000 0.0000000002 0.0000000001 0.0000000000 0.0000000000
0.1105170918 0.1 105291068 0.1105273528 _Q_l_l_05272298 0.i1 05271008
_;_;___ggﬁ@iéﬁ_ 0.2442969226 0.2442930246 0.2442922736 0.2442908206
T 04049576424 0.4049767634 0.4049740614 0.404971 8284 0.4049708604
75967298792 0.59675 13362 0.5967488312 0.5967470922 0.5 967452502
71.2243606355 0.8243868705 0.8243834165 0.8243804015 0.8243787655
i 0932712800 1.093301 1040 1.0932962960 1.0932946370 1‘0932923890
409626895 T .4096599140 1.4096566000 1.40965391 50 1.40965 15230
'804327423 1 7804343690 1.7804339760 1.7804337570 1.78043375 10
221 26428002 2.2136450140 2.2136447760 2:21 36445360 221 36441990 ;
2718281 8281 | 2.71 82313284 2.7182818282 ! 82818281 2.71 82318281
< gbe 21N umerical Results for exant Je 2 when N = 10,n = 5
KA Exact solution Standard Cubic Spline Non Polmomlal Sglm
a=+p=1 |27 —1 | a=t.8=%
[ IR T
1.000000000 il ~000000000 1 .000000000 1 .000000000 1.000000000
l 1221402758 1.221547958 1.221534898 1.221522158 1.221505428
491824698 1.492018518 1.492001718 _L191992868 1.491967908
; ? 1.8221 18800 1.822349870 1.822313120 1.822298990 1.822290900
o4 2.225540928 2% 225823088 2.225762508 2.225760808 2.225748108
| 24718281828 | 2.7186 718605008 2.718551648 2.718529458 2. 718513648
i) 16923 | 3. 320127137 3.320127096 3.320127015 3 3201269"6
= 2055199967 4.055214748 4.055212283 2.055211832 4, 055”10692
3053032424 4.953051667 4.953049830 2.953046816 2.953045408
2 149647464 6.049670680 6.049669631 6.04966944 1 6.049666834
] 389056039 7.369056099 =389056099 | 7:389056092 7389056099
ute 3 \umerical Results for examt
%301 <olutmn Standard Cubic Spline it
1648755599
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~ o 1822118800 | 1.82212025]
2013752707 | 2013754528 w;.'-’.-‘?;?:lz(if!i?_~_,_,__’_.’*.7_7-1!"”)9? ,
S A |2 DS cd 201375440t 013754304 2.013754086____
R T TN YT . - e B L L B B ]
770 | 2718281828 | 2718281822 J.E‘;Q’ff"f Lo 2439605152
BEDJE 4: Numerical Results for example 4 \;inSiTI;»J j)w - ==25.713281;:2,7' 2,718251628
X | Exact i e
solution | Standard Cubic Spline Non Polynomial Spline____
(,’l':"‘,ﬁ':l a::i ﬂ:—L (),’:I,-ﬂ:}-
5 ' s 3 a4 s el
o i?g‘s’?ggg?g }(1182?(7)0(2)00 17000000000 | 1,000000000 | 1.000000000
S RRE U R 2240 1105172115 | 1.105171932__| 1.105171920
T {;3;3283;? 1.321404271 1.221400147 | 1221403953
Reee ot 8 1349860801 | 1.349860618 | 1.349860440
b 491827154 1401826014 | 1.491826817 | 1.491826673
- 122323;‘;%1 1.648724164 1648723994 | 1.648723865 | 1.648723599
0| 1.822118907 1.822118906 | 1.822118903 | 1.822118901
0.7 | 2.013752707 | 2.013752848 2.013752837 | 2.013752821 | 2.013752813
0.8 | 2.225540928 | 2.225541120 57225541110 | 2.225541098 | 2.225541066
0.9 | 2459603111 | 2.459603333 2459603330 | 2.459603315 | 2459603307
1.0 | 2.718281828 | 2.718281828 2718281828 | 2.718281828 | 2.71828i825 |
Table 5: Error of methods for Example 1
X | Standard Cubic Spline Non Polynomial Spline
a=Lp=%|a=tp=t]a=1A~1
0 | 2.0000E-10 1.0000E-10 0 0
0.1 | 1.2015E-05 1.0261E-05 1.0138E-05 1.0009E-05
0.2 | 1.6371E-05 1.2473E-05 1.1722E-05 1.0269E-05
0.3 | 1.9121E-05 1.6419E-05 1.4186E-05 1.3218E-05
0.4 | 2.1457E-05 1.8952E-05 1.7213E-05 | 1.5371E-05
0.5 | 2.6235E-05 2.2781E-05 1.9766E-05 1.8130E-05
0.6 | 2.9824E-05 2.5016E-05 2.3357E-05 2.1109E-05
0.7 | 3.3019E-05 2.9705E-05 2.7020E-05 2.4628E-05
0.8 | 1.6273E-06 1.2341E-06 1.0148E-06 1.0089E-06
0.9 | 2.2140E-06 1.9758E-06 1.7362E-06 1.3992E-06
1.0 | 3.0000E-10 2.0000E-10 0 0
Table 6: Error of metheds for Example 2
X | Standard Cubic Spline Non Polynomial Spline
a=Lp=i|a=t.B={]a=th=}
0 |0 0 1o 0
0.1 | 1.4520E-04 1.3214E-04 1.1940E-04 1.0267E-04
0.2 | 1.9382E-04 1.7702E-04 1.6817E-04 1.4321E-04
0.3 | 2.3107E-04 1.9432E-04 1.8019E-04 .| 1.7210E-04
0.4 | 2.8216E-04 2.2158E-04 2.1988E-04 | 2.0718E-04
05 | 3.2318E-04 2.6982E-04 2.4763E-04 2.3182E-04
0.6 | 1.0214E-05 1.0173E-05 1.0092E-05 1.0003E-05
7 | 1 4781E-05 1.2316E-05 1.1865E-05 1.0725E-05
0.8 | 1.9243E-05 1.7406E-05 1.4392E-05 1.2984E-05
0.9 | 2.3216E-05 2.2167E-05 2.1977E-05 1.9370E-05
1.0 | 0 0 0 0
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