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ABSTRACT

In this study, accurate and efficient numerical methods with good stability
propertiesshall be developed. The formulation of the block second derivative
Blended Linear Multistep methods for step numbers k=7 is considered. The
main methods are derived by blending of two methods by continuous
collocation approach. These methods are of uniform order eight. With this
approach, we hope to improve the stability regions of the Adams Moultons
Methods with step number k=7 and thereby making them suitable for the
solution of stiff ordinary differential equations. The new methods proposed
in this paper turn out to be A-stable. Numerical examples obtained
demonstrate the accuracy and efficiency of the new Blended Block Linear
Multistep Methods.
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INTRODUCTION

Most red life problemswhen modelled mathematically resultin ordinary differential
equations. Some of the equationsdo not have analytic solutionsas such the need for
good numerica methodsto gpproximatetheir solutions. Inthispaper weare concern
withthenumericd solution of thediff initid vaueproblem (1) usng thesecond derivative
linear multistep.
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where y : [XO,XN]—> O™ and f :[xO’xN]XD"‘ - am

iscontinuousand differentiable.

The second derivative k-step method takesthefollowing form

PRS- TRVARIES DY C I SR s DR Vo O 2

Where a; ,b; and g; are parametersto bedeterminedand g,,,; = f,,;’

Several methods have been developed to overcome this barrier theorem.
Researcherslike Gear (1965), Butchers(1966), Lambert (1973), the second derivative
methods of Enright (1974), Genin (1974), Gama and Iman (1998), Sahi, Jator and
Khan (2012), Mehdizadeh, Nasehi and Hojjati (2012), Ehigie and Okunuga (2014)
andthethird derivativemethod of Ezzeddineand Hojjati (2012), Chollom and Omagwu
(2016), either relax the condition to obtain A —stable methods or incorporate off-step
pointsto improvethestability of themethods.

Inthiswork, we consider the second derivative hybrid explicit generalized
Adamsmethodsfor step numbersk=7. With thisapproach, we hopeto improvethe
stability regionsof theAdamsMoulonsM ethods and thereby making them suitablefor
thesolutionof (1).

Formulation of theMethod

Let m=8in(2) producesthe general form of the Blended Block Linear Multistep
method for k=7 as:

y(Xn+7 ):aex nee TH
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The above continuous formulation (5 is then evaluated at the following points
to givethefollowing seven discrete schemeswhich are
used smultaneoudy for the solution of (1) congtitute the block method.
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Sability Analysisof themethods (Ehigieand Okunugha 2014):

Zero-stability of the Block M ethods

Following thework of Ehigieand Okunuga (2014), we observed that the seven step
block method is zero stable as the roots of the equation

arelessthanor equal to 1. Sincetheblock method
iscong stent and zero-stable, themethod is convergent (Henrici 1962).

Region of Absolute Stability

Solving the characteristic equation [det( r[A -Cz - %) - Bj for r, weobtainthe
4

dability function (R(2)):

R(2)=

181440(3348z 6 + 7365625 -8015677z 4 10737325823 +585043713z 2 +8709120

118296521280z 8_ 398268079200z [ 12036740989815z 6 +17140481870582z S +203807488019508z 4

- 83077823942880z 3. 286454982461760z 2 +152180571916800z + 1580182732300
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Numerical Experiments

Problem 5.1 Siff Linear System

y; = 998y, + 1998y,
vy, = =999y, — 1999y,
y1(0) =1,y,(0) =1

Problem 5.2 Van der pol’sEquations

The Van der Pol’'s Equationisanimportant kind of second-order non-linear auto-
, oscillatory equation. It isanon-conservative oscillator with non-linear damping.
@s:x %40, h=0.1
V2 = —y1 — pky2(1-
p=40,y,(0) = 2,;

Figure 1. Region of Absolute Stability of theBBLMM for K=7
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Solution CurveFor Problem 5.1

Solution CurveFor Problem 5.2
CONCLUSION

New blended block second derivativelinear multistep methodshave been constructed
through themultistep coll ocation approach for thesolution of siff systems. Theandysis
of the stability properties showsthat the methods are all A-stable and convergent.
Numerical experimentsreved fromthe solution curvesthat the efficiency and accuracy
of thenewly congtructed Blended Block Linear multistep methods competefavourably
withthevariablestep sze ODE 15sfor solving I VPSof Ordinary Differentid Equations.

International Journal of Engineering and Mathematical Intelligence 8
Volume 5, Number 1 & 2; April & August 2018
ISSN: 2276-8815



REFERENCES

Butcher, J. C. (1966). On the Convergence of Numerical Solutionsto Ordinary
Differential Equations. Mathematical Computation, 20, 1-10.

Chollom, J. P., Olatunbusin, I. O. and Omagwu, S. (2012). A Class of A-Stable
Block Explicit Methodsfor the Solution of Ordinary Differential Equations.
Research Journal of Mathematics and Satistics, 4(2), 52-56.

Dahlquist, G. (1963). A Specia Stability problem for Linear Multistep Methods.
Book Interchange Tag Suite Bit 3, 27-43.

Ehigie, J. O. and Okunuga, S. A. (2014). L(a)-stable second derivative block
multistepformulafor iff initial value problems. International Journal of Applied
mathematics, 44(3), 07.

Enright, W. H. (1974). Second derivative multistep methods for stiff ordinary
differential equation. SAM J Numerical Anaysis, 11, 321-331.

Ezzeddine A.K.andHaojjati, G. (2012). Third derivative multistep methodsfor stiff
systems. International Journal of Nonlinear Science, 14, 443-450.

Gamal,A. F.andIman, H. 1. (1998). New efficient second derivative multistep
methodsfor stiff systems, Applied mathematical modelling, 23, 279-288.

Gear, C.W. (1965). Hybrid Methodsfor Initid VVaue Problemsin Ordinary Differentia
Equations. SSAM J. Numerical Analysis SeriesB, 2, 69 —86.

Genin,Y. (1974). An algebraic approach to A-stablelinear multistep-multi derivative
integration formulas. Book Interchange Tag Suite BIT. 14, 382-406.

Henrici, P. (1962). Discrete Variable Method in Ordinary Differential Equations.
New York: JohnWilley.

Lambert, J. D. (1973). Computational Methods in Ordinary Differential
Equations. New York: John Willey.

Mehdizadeh K. M., Nasehi O, N. and Hojjati G. (2012). A class of second
derivative multistep methodsfor stiff systems. ActauniversitatisApulensis, 30
171-188.

Onumanyi P., Awoyemi D. O., Jator, S. N. and Sirisena, U. W. (1994). New
Linear Multistep Methodswith continuous Coefficientsfor first order Initial Value
Problems. Journal of the Nigerian Mathematical Society, 13, 37 —51.

Sahi R. K., Jator S.N andKhan N.A. (2012). A Simpson’stype second derivative
method for stiff systems. International Journal of Pure and Applied
Mathematics, 81(4), 619-633.

International Journal of Engineering and Mathematical Intelligence 9
Volume 5, Number 1 & 2; April & August 2018
ISSN: 2276-8815



