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Abstract

In this paper A new approaches to solve the approximate solution of the initial value problem for the first order ordinary

differential equations and the solution can be used to compute y numerically specified the value of [)_( X] near to [XO Xo] in the

interval analysis method and also used Milne’s predictor and corrector for interval. In interval method gives a more accurate the
approximate solution of life situation and numerical illustration are given

Keywords: Interval analysis, Milnes predictor and corrector method, first order differential equation, ect..

1. Introduction

Various scientific and engineering troubles are described in the
form of ordinary differential Equations. If such action are unable
to be solved analytically, we use computers And numerical meth-
ods to approximate them, usually performing all computations in
Floating-point arithmetic. Presently there are a number of interval
methods for approximating the initial value problem which con-
sists in an ordinary differential equation and an initial value of
the function that should be found. An interval method for ordinary
differential equations using interval arithmetic was First described
by R. E. Moore in 1965 . There are also interval methods based
With The analytical methods of solution are consistent only to a
selected class of first order ordinary differential equations. In
general, the first order differential equations associated with the
whole of various physical systems do not posses solution in closed
construct and hence it intends be constrained to numerical tech-
niques for solving a well known differential equation.

Found In this paper, we make a new way for the integer interval
value of milne’s predictor and corrector method derived.

2. Preliminaries: Interval Arithmetic

Let, € =[c,,¢,]. d =[d,,d,]
(1). Addition
¢ +d =[c, +d,,c, +d,]
(. Subtriction
c—d =[c, -d,,c, —d,]
(11). Multiplication
c.d =[min(cd,,cd,,c,d,,c,d,),
maX( Cldl’ Cle ! C2d1’ C2d2)]
(V). Division

[l ool
ﬁ—[l, j].[l , k] if 0¢[Kk,1]

V). (€ =[pe;, e, ] forp =0
[1c,, pe,] forp <0

(V1). Inverse

[c..c,]" :[Ci,l], for0e[c, c,]

2 1
). [c,,c,]1" =[c,",c,"],ifc, >0
=[c,",c,"],ifc, <0
=[0,max{c,",c,"}],otherwise

3. Proposed Method

Consider the interval integer initial value problem

d’"’ ~

—X =f(x,y) e (D)
dx

y(io) = yo

Assume that
Yo =Y(X), Y1 = Y(X), ¥, = Y(X,), Y5 = ¥(X;)
where X, , =X, +h,i=0,1,2,3 are known .
These are the starting values

dy f~(x, y):yzjydx

By newtons forward interpolation formula

dx:
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p(P-D)
2!

Y(io + pﬁ) = yo + DAVO + Azyo +..

y': yo + pAy'o"‘

pP(P-1(p-2) A,
3
Integrating this between i and Y

p(p-1) o=
ol Ay, +

o=+ [[ (T p(g, D7, yix
Where p=X = :X—Xo,dx=ﬁdp
y4:yo+
~ 4 4][V'O+DAV'0+ P’ _pAZYO
[0 01 p*-3p®+2p 5-,
LEL S L

V.=V, +h[[4 41y,+[8 8IAV,

L [20 20]A2~0 8 ]A3~0 ]

[3 3] [3 3]
Neglectlng fourth and higher order differences and expressing
Ayc Y=Y

yO y2 2y1+y0

A yo = y 3_3y 2+3y 1_y'0
We have

N U

Jo=o+ 2 R12 217, -5,427,]

[3 3]
[14 14] ~
45 450 )

Where X, <& <X,

In general

yn+l

[4 4
[3 3]
hi2 21,,-V'at2V, 1.

[14 14] ~
[45 45] hy" ()

Where X, 5 <& <X

yn3

And the error =

n+1

Expression (1) is called Milnes predictor formula.To obtain cor-

rect formula,consider

p(‘; D 5 o

7= "7 paT

~ (2] 2
Yo=Yt h 3 9
p p + pA3~O]dX
6
=Y, + [3 3] yotH4 41y.+Y,]
_ hv 4y
[90 90] °°
It can be proved to be an error
ﬁv

= Wh X <s< X

90 90] y" (£) where 4
yz = yo +ﬂ[[ylo+[4 4]‘37'1"'72]

h
[90 90] y (&)
In general N
y.=Y +4 4
yn+l yn—l [3 3] [y n-1 [ ]y n
+ ylnﬂ]"'(z)
Y

And the error = — [90 90] V' (&)

Where X, 5 <& <X,
Expression (2) is called Milnes corrector formula
In particular, to compute )74 corresponding to
X, =X, +[4 4]h where h is the step size
Milnes predictor formula
[4 4

3 3] [z 21y',-vy,

y =Y, +

+[2 2]y%]

Milnes corrector formula

~

E 3][y H4 4lY's+Y',]

Where yl4 = f (X41 y4,p)

y'4,c = yz

4. Numerical llustration

Prproblems 1. Using the milne’s method compute y[06 1] given

Y og+p 1wy’ yo o=[0 0],

dx
that Y[0.1 0.3]=[0.1014 0.3041],

y[0.3 0.5]=[0.2114 0.6342],
y[0.5 0.7]=[0.3421 1.0262]
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Solution:

X y y=%2-§
[0 0] [ 1] -1 1]
0 0.2] [04526 1.3578] |[0.4526 1.3178]
D.1 0.3][0.4107 01.2320] +[0.4007 1.1420]
.2 0.4] [0.3746 1.1238] [0.3346 0.9638]

Solution:
We have the following table of values
X y y'=[L 1+
[0 0] [0 0] [1 1]
[0.1 0.3] | [0.1014 0.3041] | [1.0103 1.0925][
[0.3 0.5]

[0.2114 0.6342] | [1.0447 1.4022]l
[0.5 0.7]

[0.3421 1.0262] | [1.1170 2.0530]
To find y(0.8)

X, =[0.7 0.9].Here h =[0.2 0.2]

By Milnes predictor formula

[4 4]h

y4p yo [3 3] [[ Z]V'l_ylz"i'[z 2]y'3]
[4 4]
=[0 oI+ [3 3]

[0.2 0.2][[2 2][1.0103 1.0925]
_[1.0447 1.408]+
[2 2][1.1170 2.0530]]
_108 085166 52463
B 3]
=[0.7591 1.3990]

By Milnes corrector formula
=L 1+
=[1 1]+[0.7591 1.3990]?
=[1.5762 29572]
E 3][y2+[4 4y's+y's ]
y'..=[0.2114 0.6342]

yl4,c = yZ

+102 021y 0047 1 4022]
[3 3]

+[4 4][1.1170 2.0530]+

[1.5762 2.9572]

=[0.2114 0.6342]+[0.4728 0.8385]
=[0.6842 1.4727]=1.0785

the Milne’s

given

Problems 2. Using method

y[0.3 0.5]

compute
that

Yoxoyyo 0-p 1,
X

y[0 0.2]=[0.4526 1.3578],
y[0.1 0.3]=[0.4107 1.2320],
y[0.2 0.4]=[0.3746 1.1238]

Tofind, y[0.3 0.5], h =[0.1 0.1]

By Milnes predictor formljla
~ - [4 4
=Y, + 2
y4,p yO [3 3] [[
[4 4]
[3 3]
[0.1 0.1][-[2 2][0.4526 1.3178]
+[0.4007 1.1420]-[2 2][0.3346 0.9638]]
_p q7+104 04
[3 3]
[-[1.5744 4.5632]+[0.4007 1.1420]]
_n 1]_[1.6650 0.1730]
[3 3]
=[0.9423 0.4450]=0.6937
yl4=i42_y4
=[0.3 0.5]* —[0.9423 0.4450]
—{0.3550 06923]

2]yll_ylz +[2 2]73 ]

=1 1]+——

——[y,+H4 4ly,+y',]

[3 3]
123207+ 101 04
[3 3]

1.1420]-[4 4][0.3346 0.9638]

9'4,c = VZ
=[0.4107

[[0.4007

~[0.3550 0.6923]]
=[0.4107 1.2320]+

[0.0333 0.0333][-[2.0934 5.6895]]
=[0.2212 1.1623]=0.6918

5. Conclusion

The proposed interval valued Milnes predictor and corrector
method is simple to learn and understand and works effectively to
obtain the solutions of real life situations. The examples presented
in this paper evidently show that the interval predictor corrector
Methods can be applied successfully. Comparing the results with
other methods of the same or similar order, we see the high com-
patibility of the interval solutions obtained. In this method is either

to slow in case of h being small or too inaccurate, in case of h
is not small for real life situations.




International Journal of Engineering & Technology

693

References

[1] Karl Nickel, On the Newton method in Interval Analysis. Tech-
nical report 1136, Mathematical Research Center, University of
Wisconsion, Dec1971

[2] Hansen E. R (1988), An overview of Global Optimization using
interval analysis in Moore(1988) pp 289-307

[3] E.R. Hansen, “Global Optimization Using Interval Analysis”, Mar-
cel Dekker, Inc., New York, 1992

[4] Helmut Ratschek and Jon G. Rlkne, New Computer Methods for
Global Optimization, Wiley, New York, 1988

[5] K. Ganesan and P. Veeramani, On Arithmetic Operations of Inter-
val Numbers, International Journal of ~ Uncertainty, Fuzziness and
Knowledge - Based Systems, 13 (6) (2005), 619 - 631

[6] G.Veeramalai and R.J.Sundararaj, “Single Variable Unconstrained
Optimization Techniques Using Interval Analysis” IOSR Journal of
Mathematics (IOSR-JM), ISSN: 2278-5728. Volume 3,Issue 3,
(Sep-Oct. 2012), PP 30-34

[71 G.Veeramalai, “Unconstrained Optimization Techniques Using
Fuzzy Non Linear Equations” Asian Academic Research Journal of
Multi-Disciplinary,ISSN:  2319- 2801.Volume 1, |Issue 9,
(May2013), PP 58-67

[8] Eldon Hansen, Global optimization using interval analysis- Marcel
Dekker, 1992

[9]1 Hansen E. R (1979), “Global optimization using interval analysis-
the one dimensional case, J.Optim, Theory Application, 29, 314-
331

[10] G.Veeramalai and P.Gajendran, ”A New Approaches to Solving
Fuzzy Linear System with Interval Valued Triangular Fuzzy Num-
ber” Indian Scholar An International Multidisciplinary Research e-
Journal , ISSN: 2350-109X,.Volume 2, Issue 3, (Mar2016), PP
31-38

[11] G.Veeramalai, “Eigen Values of an Interval Matrix” CLEAR
IJRMST, Vol-02-No-03, Jan-June 2012, ISSN: 2249-3492

[12] Louis B. Rall, A Theory of interval iteration, proceeding of the
American Mathematics Society, 862:625-631, 1982

[13] Louis B. Rall, Application of interval integration to the solution of
integral equations. Journal of Integral equations 6: 127-141,1984

[14] Ramon E. Moore, R. Baker Kearfoth, Michael J. Cloud, Introduc-
tion to interval analysis, SIAM, 105-127, Philadelphia, 2009

[15] Hansen E.R (1978a), « Interval forms of Newton’s method, Compu-
ting 20, 153-163

[16] K. Ganesan, On Some Properties of Interval Matrices, International
Journal of Computational and Mathematical Sciences, 1 (2) (2007),
92-99

[17] E. R. Hansen and R. R. Smith, Interval arithmetic in matrix compu-
tations, Part 2, SIAM. journal of Numerical Analysis, 4 (1967), 1 —
9

[18] E. R. Hansen, On the solution of linear algebraic equations with
interval coefficients, Linear Algebra Appl, 2 (1969), 153 — 165

[19] E. R. Hansen, Bounding the solution of interval linear Equations,
SIAM Journal of Numerical Analysis, 29 (5) (1992), 1493 — 1503

[20] P. Kahl, V. Kreinovich, A. Lakeyev and J. Rohn, Computational
complexity and feasibility of data processing and interval computa-
tions Kluwer Academic Publishers, Dordrecht (1998)

[21] S. Ning and R. B. Kearfott, A comparison of some methods for
solving linear interval Equations, SIAM Journal of Numerical
Analysis, 34 (1997),1289 — 1305

[22] R. E. Moore, Methods and Applications of Interval Analysis, SIAM,
Philadelphia, 1979

[23] E. R. Hansen and R. R. Smith, “Interval arithmetic in matrix com-
putations”, Part 2, SI AM. Journal of Numerical Analysis, vol. 4,
pp.1-9, 1967

[24] A. Neumaier, “Interval Methods for Systems of Equations”, Cam-
bridge University Press, Cambridge, 1990

[25] Moore, R.E.: Interval Analysis. Prentice-Hall, Englewood Cliffs
(1966)



