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ABSTRACT

In this work, a block of diagonally implicit backward differentiation method with two off-step
points for solving first order stiff initial value problem of ordinary differential equation was
derived. In the proposed block method two approximate solution values of y, 1 and y,., with
two off-step points yn% and yn% are computed concurrently for each iteration. The properties

of the newly proposed method were found to be an A-stable, Zero stable and capable for solving
first order Stiff IVPs. To validate the performance of the proposed method, some first order stiff
IVPs are solved and the result obtained was compared with other existing numerical schemes.
From the tabulated results and the graphs plotted, the proposed method has shown advantages
of accuracy in the scale error over the three methods and an advantage of executional time over
two of the existing methods considered.
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1 INTRODUCTION

In physical, social and life sciences so many real life problems can be modelled into equation, most
often differential equation. Problems in electrical circuits, chemical reactions, mechanics, vibrations,
and kinetics and population growth all can be modelled as differential equations and categorized into
stiff and non-stiff. A stiff equation is a differential equation for which certain numerical methods for
solving the equation are numerically unstable, unless the step size is taken to be extremely small. So,
with regard to modern scientific and engineering cases most of the modelled equations derived turns
to be stiff problems. Researchers are formulating various methods to obtain analytic and/or
numerical solutions of the modelled stiff IVPs. But, stiff problem usually deviates from been solved
analytically due its complexities and other phenomena which is found within its solution, the
transient and steady state components found in its solution make explicit method difficult to handle
with appreciated results. While, numerical solution is much more easier and obtainable in any form
stiff IVP of ODEs. Most of the stiff cases have no analytical solutions at all. Hence, preferences are
always channels to numerical methods that would solve any sort of stiff [IVP of ODEs. The ultimate
goal is to get a method with a solution that has absolutely minimum scale error and computational
time.
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The early work integration of stiff equations [1], the extended backward differential formula and
modified extended BDF [2, 3]. Block method was given more recognition through the work of [4, 8,
9,10, 11, 12]. New fifth order implicit block method for solving first order stiff ordinary differential
equations, a new super class of block backward differentiation formula for stiff ordinary differential
equations, an accurate block solver for stiff initial value problems [5, 6, 7]. More numerical solutions
and Hybrid multistep block methods were developed [19, 20, 21, 22, 23, 28]. Numerical treatment of
block method for the solution of ODEs, on the approximate solution of continuous coefficients for
solving third order ordinary differential equations, an accurate computation of block hybrid method
for solving stiff ordinary differential equations [13, 14, 15]. An A-stable block integrator scheme for
the solution of first order system of IVPs of ordinary differential equations, order and convergence
of the enhanced 3-point fully implicit super class of block backward differentiation formula for
solving first order stiff initial value problems [16, 17]; extended 3-Point super class of block
backward differentiation formula for solving first order stiff initial value problems [18]. Other works
include the following [24], [25], [26], [27], [29], [30], [31], [32], [33], [34] and [35] all the methods
highlighted above demonstrates very good stability properties, at one point or the other, with
appreciated results in terms of accuracy and computational time.

This paper considers derivation and implementation of a robust diagonally implicit block method
with two off-step points for solving a system of first order initial value problem of ordinary
differential equations. The proposed method will generate newly equally spaced solution values
concurrently. In addition, the method uses of a lower triangular matrix with identical diagonal
entries, as such the coefficients of the upper triangular matrix entries are zero. The method is of the
form

vy =f(x, ¥), Y(a)=e¢n, a<x<bh (1)

where ¥ = (y1,¥2,¥3, e ov oe Yn)y NP = (N1, P12, PN3, -, PNy)-

2 DERIVATION OF A ROBUST 2-POINT BBDF WITH OFF-STEP POINTS

In this section, two approximate solution values y, ,; and y,,, with step size h, and two off-step
points y .iandy_ . s whichare chosen at the points where the step size is halved are formulated in
2 2

a block simultaneously. The formulae are computed using two back values y, and y, _; with step size
h. The formulae are derived with the aid of a diagram as shown in Figure 1.
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Figure 1: Diagram for RDIBM derivation.

The proposed method (RDIBM) is of the form

, 1 3
]1:(1)( @ iYn+j-1 = MBrilfnsk + fork-1lk =i = 2’ 1'5' 2 )

where k and i have the same value. The formula (2) is derived using Taylor’s series expansion about
xn

Definition 2.1. According to [26], the linear operator L; associated with first, second, third and
fourth point of the RDIBM with off-step points method is defined as follows:

LV [y(xn):h]:ao,vyn—l +a1,vyn +a’%,vyn+§_h:8l//,v [fn+[// +fn+(//—1] =0

fn+l//
Lv[Y(xn);h]:ao,vyn—l+a1,v3’n+a§’vyn+§+a2,vyn+1_hﬂw,v +fn+w—1 =0
frry > (3)
Lv[)’(xn);h]:ao,vyn—l+a1,v3’n+a§’vyn+§+a2,vyn+1+ag'vyn+§_h:8y/,v +fn+w—1 =0

LV [y(xn)v h]: Ao,y Yn—1 + A1,y Yn + ag,vyn+% + Ay v Yn+1 + ag,vyn+% + a3y Yn+2

_hﬁw,v fn+(// +fn+l,y—1] =0
Consider the following value of  &v's value in (3) for the cases below:
Forcases1,2,3and4asin ¢y = v =%, v =v=1Ly =v =% & v = v = 2 for the first, second,

third and fourth point respectively, with the associated operator (L1, Ly , Ls & L;) related to (3) is
2 2

written as
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@y 1 (= B) + @, 1 () + €317 Gt + ~h) - hpss [f (xn +30) + f (20 - %h)] =0)
@01y Cn = h) + @11y (en) + @1 (2 + 3 h) + @1y G + )
—hBa[fCen +R) + f(xp)] =0
“o%y(xn —h) + “1;3’(3571) + a;%y (xn + %h) + azéy(xn + h) + a;%y (xn + ;h) 3 (4)
—hpss £ (en +2R) + f (xn +51)| = 0
@o,2Y (X — h) + a1 2y(xp) + a5y (xn + %h) +az,y(xn + h) + s, (xn + %h)
tasz,y(xn + 2h) — by [f (x + 2R) + f(x, + W] = 0 J

. 1 3 1
Expanding (X, —h) ,y(n) ¥ + 30y (tn + 1), Y0y + 3 1), yCtn + 20),f (20 + 31, f (20 —
%h), f (xn + %h) ,f (x, + h), f(x,, + 2h) in (4) with a Taylor’s series expansion about x,, and collect
the like terms gives
CO%y(xn) + Cléhy’(xn) + C;’%hzy”(xn) +.=0 )
ConY(xp) + Cy1hy' (x5) + Cs 1h2}’"(xn) + Cp B3y () + =0
>

5
Cozy(in) + Cyz hy' () + Cash2y" () + €, shy" () + Cshy™ () + - = 0 ©
2 2’ 2’2 2 2’2
Co3¥(n) + €3 hy' (xn) + Ca3h?y" () + €, 3h3y"" () + Cs3h*y"" () + - = 0
2 2’ 2’2 2 2’2
where (5) is evaluated respectively as follows
CO% = (XO% + al% + 0(;; =0
1
R (6)
1 1 1
C31= —-a 1+-—-as1—— =0
2T Te%i et Tl
CO,l = ao'l + 0(1,1 + 0(31 + a2,1 = 0 \
>
1
Cip= —@oq +5as, +az; —2B11 =0
2
> ()

1 1 1
Csy = 3% 5, +3021 =11 =0
1
48

1
Crn=—Zap1 +

1 1
as -Qyq—= =0
p 21 to1 — 5B
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Cs—a3+a13+a33+a23+a53—0 \
2 2’2 2 2’2
1
C1§= —a0§+ a33+a23+ as3 — Zﬂgg =0
2 2 2’2 2 22
1 1
Css = a03+ a33+ a, 3+ a53—2333=0 \ (8)
2’2 2 8 2 8 22 22
1 1
CZ§=——a §+ a33+ a, 3+ a53——,833—0
2
27
CEE a 3+ — a33+ 2§+—a§§——ﬁ§§=0J
22 2 384 24 5 128 22 12 22
and
CO,Z = a0,2+a1'2+a§2+a2'2+a§2+a3,2 =0 )
2’ 2’
1 3
Cl,Z = —CZO,Z +Ea§2 + a2,2 + Eaiz + 2“3,2 - 2‘82'2 =0
2’ 2’
Cs, =<atg, +-as, +~ayy+-as, +2 38y, =0
%_2—20(0,2 8“32 7 %22 80(;’2 25 W) 22 =
1 1 1 9 4 5 ; €))
C2'2:——a0'2+_a3 +—0£2'2 +1_6a§2+§a3'2—5‘82'2:0
>
27 2 3
C;lz a02+ o4 22+24a22+580£5 +§a3,2—5‘82'2—0
1 1 4 5
C3, = 0% T g +—as +—az; —— =0
327 T 120902 T 3520 %22 T 120 %22 T 1550 %52 T 15 %32 72P22= 0]

Normalizing the coefficients as 1,0, as s&azyofy |

1, Yn+1 ¥,,2 and yuy, respectively to 1,
2

solving equation (6), (7), (8) and 9 w1th the aids of Maple Software for the coefficients of a;; and
B;,; and substituting them in (4) gives the first, second, third and fourth point as

yn+_ yTL 1 +
1
Yn+1 = gyn—l — Oyp
_ 163 1472 3023
yn+§ =T In-1 T o T
11 29 64

Yn+2 = _Eyn—l + 1_3yn 13yn+

3 ANALYSIS OF THE METHOD

Yo +3 hfn+1+- “hf _

l +_hfn+1 +_hfn
3

+ 6}/
> (10)

1971 273

+ a hfn.,_l

63
1+ SV T yn+ s+ 33 hfn+2 LT ® Nfpia

In this section, order and stability properties of the proposed method (10) will be analyzed.

3.1 Order of the Method

In this section, the order of the

proposed method (10) will be derived. The method could be

transformed to a general matrix form as
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1 * _ 1 *
j=0 Cj Ym+j—1 = h2j=o Dj Ym+j—1;

(11)

where C and D are constant coefficient matrices of the method (11) is equivalent to the following

form
— Vo1t P+ Y = =g = hf )
1 8 1 1
§Yn—1_ 0yn +§yn+%+3’n+1 :_ghfn+1_§hfn >
163 1472 3023 971 273 273
“asr Y1t 55 I T g5y Ynad T sy Y F i3 = m5 e — 5 Mo (12)
11 29 64 63 64 6 6
Tes /T T 3 el T Yt T g Y 3 T ez = —z Mz gt
also (12) can be written as
I 1 5 ] - .
o -= o > 1 0 0 3\
4 4 y 8 L 0 Y
o, o oLl i
" 3023 1971 n
0 _163 1472 yn—% + —E E 0 yn+;
257 257 |L Yn 64 63 64 L Yn+2
11 29 -— = -
O - — 0 — 13 13 65
L 65 13 _ B
_ _ 1 ] >
00 = olrf.1 | 8 ° 00
8 n-3 1 fn%
L o ° 3 0 Ol
=h{0 0 0 —|| ™ n
h A T TP R e 13
00 0 O 3 514 5 514 5 Frsz
00 0 0] -~ 13 13
where
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1
0 14 0
o= le=| 9. le=|?
0_0 1 _@ 2_0
0 257 0
1
L 65 ]
0 0 1
0 0 3
D0=OD1:OD2— Ds
0
0 0 0 |
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23
514

0

| 13

0 0
0 0
C6: 1 C7:
el |]
13] U
0 0 ]
0 0
23D
514 6
0 13 ]

Definition 3.1.1 According to [26], the order of the block method (10) and its associated linear

operator are given by

LLy(x);h]= Z[C,-)/(XJr inl- hz D;y'(x+ jh)]

where p is unique integer such that E; =0, q=0,1,

matrix with

258
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1.
EszzE[QJ%;—zzw q]:o
J=0
Sl
J=0
1
9353
221 | |©
“ope | | O
£ = Sheo 76~ 2870 | 5 |0
7385 | |
192
5123

Therefore, the developed method is of order 6, with error constant

121

0353
221

_| 5065
2= 74 (15)

7385
192

5123

3.2 Stability Analysis of the Method

In this section, we investigate the Zero and A- stability property of the proposed method (10).
Definition 3.2.1 A linear multistep method is said to be zero stable if no root of the first
characteristics polynomial has modulus higher than 1 and that any root with modulus 1 is simple

[31].

Definition 3.2.2 A linear multistep method is said to be an A-stable method if its region of stability
encloses the entire negative half-plane [31].

The stability of the scheme (10-11) can be obtained by applying the standard test equation of the
form

y' = Ky, Re(£) <0 (16)
where £ is a complex number.

To get the following solutions
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1 5 1 1
Ynsl = T3¥n-1 toVnt gh&yn% + gh&yn_%

1 8 1 1
Yn+1 = 5¥n-1 = 0¥n + 5y, 1 + S hA&yniq + S hAy,
2

> (17)
— _163 147z 3023 1971 273 273
Ynd T T g5y Vnt t s T sy Y+l t o5 Ynrr g hAyn% ton hAyn+§
11 29 64 63 64 6 6
Yntz = Tgs¥n-1 T 5¥n T 3 Vnad 3 Vner T 5 Vnad Y g hnee + 5
(17) can also be written as
1-2ha 0 0 0 o -2 lm 2
8 4 8 4
Vsl Yp-3
8 1-ha 0 0 wl o 2 0 im 2
9 3 Yn+1| _ 9 3 Yn-1
3023 273 1971 273 Yns2| 163 1472 ||Vns| 9
———hi -—— 1-—ha 0 " 0 -— 0 =—— | n_EJ
257 514 257 514 Yn+2 257 257 (L In
64 88 6, &0 o M 4 2
13 13 13 65 13 L 65 13 |
From (18) itis given that
AY,, = BY,,_, (19)

If m is the number of block and r is the number of points in the block, then n = mr

Here, r = 2 and n = 2m. It follows that

y2m+% yn+% yz(m—l)—% yn—%
Y. = Yom+1 | | Yn+1 % _|Y2m-1)-1| _ |Vn-1
= = , 1= =
" y2m++% yn+% " yZ(m—l)-% yn—%
Y3m+2 Yn+22 Y2(m-1) Yn

and the coefficient matrices are given as

1-2ha 0 0 0
8
. 1-2ha 0 0
A= 9 3
023 273, 11 23
257 514 257 514
20 B0 2 1 0w
13 13 13 65 13 ]
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o - i 2

4 8 4
0o I 0 tha

B = 9 3

1,3 w72

257 257

O _E 0 @

i 65 13 |

The stability polynomial of the proposed method was computed with the aid of Maple Software and

the result is found to be

det(At —B) =
2001 5 119933 5 1044449 o, 9791 5 5 2449 3
160368\ T 150345 L T 400920 © " S3456 © " T S3456 "
442469 3.0 110731 4 108625 4,2 7269 4,3 237 4.4
201840 © 7 " so1s4 L " 60368 L T 53456 L T 26728 L !
8495 33 3996001 3, 237 43 92249 . 1534 3 4
26728 T T 200760 26728 " T T 1202760 1" T 1s03 £t

119933 5 1534 5 4
R(t,0) = _ _
(0) =1503as © ~ 503 L T 70

t=20,0,1,-0.2629880097

3.3 A- stability of the Proposed Method

N

(20)

(21

In this section, the region for the absolute stability of the proposgd methods is plotted, by considering
the stability polynomials (20). The set of point defined by t = ‘¢, 0 < 8 < 2m describes the boundary
of the stability region. The following stability region was the complex plot of the proposed method

with the aid of Maple Software.
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Im
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stable 1 unstable
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stable

Figure 2: A-stability region of the Proposed Method (RDIBM)

4 IMPLEMENTATION OF THE METHOD

Consider the system of first order initial value problem of ordinary differential equation of the form
y'=f(x, ¥), Y(a)=n, a<x<bh (22)
Y = n 52,3 e o o Yn), (23)
using Newton'’s iteration to implement the methods (10).

Let y; and y(x;) be the approximate and exact solutions of system (22-23) respectively.

Define the absolute error as

(errory)e = |(y)e — (Y (x:))el (24)

and the maximum error as

MAXE = qu (max (errory)) (25)
1<is<t 1<isKX

T and X are the total number of step and equations respectively.

From the method (10)
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1 1
Fl = yn.,.l _ghfn+% —ghfn_1 —81 \
8 1 1
FZ =Yoa—3Y 1 __hfn+1__hfn —&
9”nl 3
3023 1971 273 273 >
=Y s+— =YV 1~ Ve, N s —Nf -4
i 257 Yl 257 514 nd 514 nl
64 63 64 6 6
Fooy ey =2y 2%y Ppf Zhf g
4 yn+2 13 yn+% 13 yn+l 65 yn+% 13 n+2 13 n+l 4 /

The &4, &5, &, and €, are the back values of (10) as

1 5
‘91:_Zyn—l+zyn N
1

&= 5 Yna _oyn
,_ 163 w2 >

257"t 257 7"
o2

e’ 137" )
Let y,(ll:jl), j= % 1, % 2, denote the (i + 1) iterative values of Yn+j and consider

e(i+1) (i+1) @ . 1,1,§,2
2’72

n+j = Yn+j T Vnejp )T

Now, the Newton’s iteration for the proposed method will have the form

Q+1) _ @) _ (Fi(yr(zilj)) .
T (e (0 ))J =

yn+j
-1
i+ _ @ ' ) 0 .1 .3
Ynaj = Vntj (Ff(yn+j)) (Fj (yn+j)>'] =2,17,2

-1
(i+1) @ _ ’ ® ® .1 3
W=y == 08)) (5(:%))i =213

0 == (m () (5 (2)) i =132

It can be written as
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1 (1) (i+1) _ @ .1 3

Equation (33) will also be written in its matrix form as:

oF O
1 n+E
3oy 0 0 0
1
"2 _ o+
8 10F", 0 0 et
9 3 ay(i)l er(1i++11)
oF 0, 8F(i)3 o+ -
3023 273 5 1971 L 23_m . e
257 514 ay:j1 257 514 8yr(]'+)§ el
2 2
% _Q_EaFn(i)l % 1_£haFn(+l)2
13 13 13 ay"), 65 13 oy,
jacobianmarix
-1 0 0 0 1
g 1 0 0 yn% 00 s 0 ‘g
2
3023 1971 Yo |4p 0 0 0 % f, |+
257 257 Y 3 f
o4 @ 64 ORI I
13 13 65 Yvz 0.0 0 0J ¢
19 0 o
8 fn+£ £,
o I 0o of 2],
h 3 n+1 + gl (34)
213 0 213 f €3
514 514 "2 2
0 E 0 E fn+2 82
13 13

4.1 TestProblems

To validate the method developed, (RDIBM), a code in ‘C’ (programming Language) with Equation
(34) would be used to solve the following stiff [VPs.
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5

Table 1: Sample of First Order Initial Value Problem of Stiff ODEs

S/ Problems Initial Interval Exact Solutions Eigen | Sou
n Condition Values | rce
s
y1 =198y; +199y; | y1(0)=1 |0 < x < yi(x) =e7* -1,-20 | [4]
Y2 y2(0) |10 o px 0
= —398y, — 399y, = -1 y2(x) = —e
Yi=Y> y1(0)=0 |0<x< y1(x) = 2cosx + 6sinx [25]
Y3 = =2y, y,(0) =0 | 4x —6x—2
Y3 =Y +2y3 y3(0) =1 Yo (x) = —2sinx + 6cosx
-6
y3(x) = 2sinx — 2cosx
+3
y' =5e5*(y — x)? y(0)=0 |0sx<1 yi(x) =x—e™>* [4]
+1
y1 = —20y; =19y, y1(0)=2 |0 = x < yi(x) =e™™ -1,-20 | [5]
5 = —19y, —20 0)=0 |20 _ 0
y2 Y1 y2 YZ( ) yz(x) = _—e X
RESULT AND DISCUSSIONS

The sample problems presented in this paper are solved using the proposed methods. The result of
the tested problems are tabulated and compared with the existing ones. The graphs highlighting the

performance of these methods are plotted. The acronyms below are used in the tables.

h= step-size;

MHTD =Method

MAX-ERR = Maximum Error;
EXEC-TIME= Executional Time in second;

Ordinary Differential Equations

3ESBBDF = Extended 3-Point Super class of Block Backward Differentiation formula for Solving

Stiff Initial Value Problems.

RDIBM = A Robust Diagonally Implicit Block Method with Two Off-Step Points for Solving First

Order Stiff IVP of ODEs
3NBBDF = A New Fifth Order implicit block method for Solving First Order Stiff Ordinary
Differential Equations

3BDF = Implicit r-point block backward differentiation formula for solving first-order stiff ODEs
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Table 2: Comparison of Errors for Problem 1

Numerical Result for Problem 1
h MTHD NS MAX-ERR EXEC-TIME
102 | 3NBBDF | 333 1.94447e-004 | 1.20394e-002
ABISBDF | 555 5.83217e-003 | 5.68676e-002
RDIBM 100 1.52564e-004 | 3.93719e-003
3BDF 333 1.07308e-02 | 31,867us
102 | 3NBBDF | 3,333 2.07993e-006 | 1.19193e-001
ABISBDF | 5,555 6.05338e-005 | 5.64515e-001
RDIBM 1,000 1.76763e-006 | 1.87573e-002
3BDF 3,333 1.10060e-03 | 258,361us
10~* | 3NBBDF | 33,333 2.09995e-008 | 1.19296e+000
ABISBDF | 55,555 6.26692e-007 | 5.68143e+000
RDIBM 10,000 1.79766e-008 | 1.66571e-001
3BDF 33,333 1.10333e-04 2,582,756us
1075 | 3NBBDF | 333,333 2.10257e-010 | 1.19173e+001
ABISBDF | 555,555 6.32740e-009 | 5.59821e+001
RDIBM 100,000 1.82566e-010 | 1.43458e+000
3BDF 333,333 1.10361e-05 | 26,011,417us
10~® | 3NBBDF | 3,333,333 | 1.41029e-011 | 1.19110e+002
ABISBDF | 5,555555 | 6.33362e-011 | 5.53567e+002
RDIBM 1,000,000 | 1.85567e-012 | 1.28786e+001
3BDF 3,333,333 | 1.10363e-06 | 260,435,329us

3BBDF
ABISBDF
RDOBBDF
3NBBDF

- !
-
- =

0.001

Figure 3: Graph of Log,,(MAXE) against the step size h for Problem 1
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logError

Table 3 Comparison of Errors for Problem 2

Numerical Result for Problem 2

H MTHD NS MAX-ERR EXEC-TIME
1072 | 3ESBBDF | 333 2.5780e-002 | 3.96563e-001
ABISBDF | 555 3.8321e-003 | 5.58677e-002
RDIBM 100 2.2979e-003 | 2.98278e-002
1073 | 3ESBBDF | 3,333 2.2907e-003 | 3.66799e+000
ABISBDF | 5,555 4.0533e-005 | 5.54512e-001
RDIBM 1,000 2.1066e-005 | 1.79012e-001
10~* | 3ESBBDF | 33,333 2.0972e-005 | 3.35906e+000
ABISBDF | 55,555 4.2669e-007 | 5.52149e-001
RDIBM 10,000 1.9765e-007 | 1.49191e+000
10~> | 3ESBBDF | 333,333 2.002e-007 | 3.01024e+001
ABISBDF | 555,555 4.3274e-009 | 5.49867e+000
RDIBM 100,000 1.7932e-009 | 1.20674e+001
10~¢ | 3ESBBDF | 3,333,333 | 1.8702e-009 | 2.96155e+002
ABISBDF | 5,555555 | 4.3335e-009 | 5.35204e+000
RDIBM 1,000,000 | 1.6004e-011 | 1.20678e+001

3ESBBDF
ABISBDF
RDOBBDF

0.001

0.002 0.003

0.004

0.007 0.008 0.009 0.01

Figure 4: Graph of Log,,(MAXE) against the step size h for Problem 2
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Table 4: Comparison of Errors for Problem 3

Numerical Result for Problem 3
H MTHD NS MAX-ERR EXEC-TIME
10~2 | 3ESBBDF 666 4.83217e-003 | 6.23441e-005
3NBBDF 333 3.51456e-003 | 5.52416e-004
RDIBM 555 2.61015e-003 | 3.11121e-005
10~3 | 3ESBBDF 6,666 5.95338e-005 | 6.65467e-004
3NBBDF 3,333 4.90191e-005 | 4.50367e-003
RDIBM 5,555 3.73116e-005 | 2.96482e-004
10~* | 3ESBBDF 66,666 5.95692e-007 | 6.48433e-003
3NBBDF 33,333 5.20417e-007 | 4.36918e-002
RDIBM 55,555 3.73371e-007 | 2.94261e-003
10~> | 3ESBBDF 666,666 5.95974e-009 | 6.58687e-002
3NBBDF 333,333 5.25030e-009 | 4.34808e-001
RDIBM 555,555 3.73652e-009 | 2.92149e-002
10~® | 3ESBBDF 6,666,666 | 6.18636e-011 | 6.23434e-001
3NBBDF 3,333,333 | 5.25648e-011 | 4.35791e+00
RDIBM 5,555,555 | 4.05313e-011 | 2.90945e-001

3NBBDF

RDOBBDF

3ESBBDF

0 0.001

0.002

0.003

0.004

0.007

0.008 0.009

Figure 5: Graph of Log,,(MAXE) against the step size h for Problem 3
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Table 5: Comparison of Errors for Problem 4

Numerical Result for Problem 4
H MTHD NS MAX-ERR EXEC-TIME
1072 | 3ESBBDF | 333 2.23033e-002 | 3.67590e-002
3NBBDF 666 6.98707e-002 | 2.63337e-002
RDIBM 555 4.45713e-003 | 2.41226e-002
103 | 3ESBBDF | 3,333 3.56164e-003 | 8.56636e-002
3NBBDF 6,666 5.40956e-003 | 2.60816e-001
RDIBM 5,555 3.74938e-005 | 2.42705e-001
10~* | 3ESBBDF | 33,333 3.56515e-005 | 8.54385e-001
3NBBDF 66,666 3.08942e-005 | 2.60725e+000
RDIBM 55,555 3.52727e-007 | 2.40503e+000
107> | 3ESBBDF | 333,333 3.60706e007 | 8.53788e+000
3NBBDF 666,666 3.18534e-007 | 2.60597e+001
RDIBM 555,555 3.31505e-009 | 2.40064e+001
10~% | 3ESBBDF | 3,333,333 | 3.61122e-009 | 8.53356e+001
3NBBDF 6,666,666 | 3.19872e-009 | 2.60700e+002
RDIBM 5,555,555 | 3.11313e-011 | 2.40003e+001

logError

3NBBDF
RDOBBDF
3ESBBDF

0 0.001

0.002

0.003

0.004

0.007 0.008 0.009

Figure 6: Graph of Log,,(MAXE) against the step size h for Problem 4

Considering the Table 2, 3,4 and 5 comprising problem 1, 2, 3 and 4, it has been shown that the newly
proposed method, RDIBM outperformed the 3BDF, ABISBDF and 3NBBDF in terms of accuracy in
problems 1, 2, 3 and 4, and computational time in Problem 1, 3 and 4. While, 3NBBDF has good
accuracy and executional time than 3BDF, ABISBDF and 3ESBBDF in problems 1 and 3. However, the
3NBBDF and 3ESBBDF competes closely in terms of accuracy of the scale errors in Problems 4.
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Similarly, the accuracy of the scale errors and executional time of the proposed methods, RDIBM
found to be better than all the methods compared in Problems 2.

To further depicts visibly the performance of the proposed method, RDIBM with respect to the other
methods compared, the graphs of Log10(MAXE) against the step size h for all the problems tested are
plotted (using Matlab) in Figure 3, 4, 5 and 6. From the figures the above statement is validated. The
proposed method can be an alternative solver for first order stiff initial value problem of ordinary
differential equation.

6 CONCLUSION

A robust diagonally implicit block method with two off-step points for solving stiff initial value
problem of ordinary differential equation was derived. The method can generate four solution values
at a time per step. The properties of the proposed method has been checked, the method is found to
be Zero and A-stable, capable of solving stiff initial value problems of ordinary differential equations.
Some selected problem validated the performance of proposed method in terms of accuracy of the
scale error and executional time. Hence, the proposed method can be an alternative solver of first
order system of stiff IVP of ordinary differential equations.
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