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Abstract- This paper focuses on the formulation of 3-step hybrid Adams type method for the solution of first 
order differential equation (ODE). The methods which was derived on both grid and off grid points using 
multistep collocation schemes and also evaluated at some points to produced Block Adams type method and 
Adams moulton method respectively. The method with the highest order was selected to serve as the corrector. 
The convergence was valid and efficient. The numerical experiments were carried out and reveal that hybrid 
Adams type methods performed better than the conventional Adams moulton method.                
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I. INTRODUCTION  
 
The methods of Euler, Heun, Taylor and Runge-Kutta 
are called single-step methods because they use only 
the information from one previous point to compute 
the successive point, that is, only the initial 
point    is used to compute    and 
in general    is needed to compute . The idea 
of extending this method was developed by Bashforth 
and Adams in (1883) that is, approximating the 
solution at a point to depend on the solution values at 
several previous step values,while this was later 
developed by Moulton in 1926. There are two types 
of Adams methods, the explicit and the implicit types. 
The explicit type is called the Adams-
Bashforthmethods and the implicit type is called the 
Adams-Moulton methods. The Adams Moulton 
method which is of the form: 

 
The methods are all zero stable since all the spurious 
roots of (ߝ )ߩ are located at the origin. These methods 
were widely used in the past for approximating the 
solutions of non–stiff ordinarily differential equations 
.Also many Researchers have worked extensively in 
this area such as Awoyemi [1],  Yahayaand Sagir, 
Yahaya,  Sokoto, and Shaba, Oluwale, Badmus and 
Mshelia[2],[3], Badmus and Adegboye [4],Badmus et 
al [5], Odekunle et al ([7],[8], Yahaya and Adegboye 
[10], to mention but a few.  
This paper intends to derive and compare the Block 
Adams Method and a Block Adams Type Method   
all at k =3 from their continuous schemes 
respectively at both grid and off-grid points to obtain 
the new discrete schemes, it develop a high order, 
zero stable and consistent block method and use it to  
 

 
solve some existing known problems to ascertain the 
level of convergence. 
 
Definition 1.0: One-Step Method  
The construct an approximate solutionݔ௞ାଵ =
 .௞ݔ ௞,using only one previous approximation(ݐ)ݔ 
The approach in this method enjoys the virtue that the 
step size (h) can be changed at every iteration, if 
desired, thus providing a mechanism for error control.  
A general expression of one-step method is:   

 
 
Definition 1.2: Linear Multistep Method (LMM)  
If a computational method for determining a 
sequence between [ݕ௡]takes the form of a linear 
relationship betweenݕ௡ା௝ , ௡݂ା௝, ݆ = 0,1,2, …,k, then 
we call it a LMM of step number K or a linear k-step 
method.  
A linear k-step method is mathematically defined as: 

 
Which can be written in compartment form as: 

Where |ߙ௞|and |ߚ௞| ≠ 0 and ߚ௞ = 1whenߚ௞ ≠ 0, the 
scheme becomes an implicit scheme, otherwise 
explicit scheme. Subair [9]  
 
Definition 1.3: Convergence  
The block corrector is convergent by the consequence 
of Dahlquist theorem given below. 
 
Theorem: 
The necessary and sufficient conditions that a 
continuous LMM be convergent are that it be 
consistent and zero-stable. 
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Definition 1.3: Zero Stability  
The linear multistep method (1.2) is said to satisfy the 
root conditions if all the roots of the first 
characteristics polynomial have modulus less than or 
equal to unity and those of modulus unity are simple. 
The method (1.2) is said to be zero stable if it satisfies 
the root condition Lambert [6]. 
 
Definition 1.4: Consistent Lambert [8] 
The linear multistep method (1.2) is said to be 
consistent if it has order p ≥ 1, that is, if 

 
And; 

 
Introducing the first and second characteristics 
polynomials (1.2), we have from (1.3) LMM type 
(1.2) is consistent if (1)ߩ = 0, (1)′ߩ =  (1)ߜ
 
II. METHODOLOGY  
 
Given a power series of the form: 

p(x) = ∑ ∞௝ݔ௝ߙ
௝ୀ଴  

Which is used as our basis to produce an approximate 
solution to (1.0) as: 

y(x) = ∑ ௝଼ା௧ିଵݔ௝ߙ
௝ୀ଴    

    (2.1)  
and; 
ݕ  ′(x) = ∑ ௝ݔ௝ߙ݆ = ,ݔ)݂ ା௧ିଵ଼ (ݕ

௝ୀ଴   
   (2.2)  
Where ߙ௝  are the parameters to be determined, andݏ′
are the points of collocation and interpolation 
respectively. This process leads to (s + t – 1) non-
linear system of equations with (s + t – 1) unknown 
coefficients, which are to be determined by the use of 
maple 17 mathematical software.  
 
2.1 Three-Step Adams -Moulton Hybrid Type 

Methodwith Two Off-Grids 
Using equations (2.1) and (2.2), s = 6, t = 1. Our 
choice of degree of polynomial is (s+t–1). Equations 
(2.1) and (2.2) are interpolated and collocated 
respectively at the 

pointsݔ = ൬ݔ௡,ݔ௡ାయమ
, ௡ାఱమݔ,௡ାଶݔ 

,  ௡ାଷ൰which givesݔ 

the following non-linear system of equations of the 
form: 

෍ ௝ݔ௝ߙ = ௡ା௜ݕ

଼ା௧ିଵ

௝ୀ଴

 

     
    
∑ ௝ିଵݔ௝ߙ݆ = ௡݂ା௜
଼ା௧ିଵ
௝ୀଵ  where i = ( 

0,3/2,2,5/2,3)    
With the mathematical software, we obtain the 
continuous formulation of equations (2.3) and (2.4) as 
follows: 
 

 
 
When equation (2.5) evaluated at ݔ = ௡ା௝where݆ݔ =
0, ଷ

ଶ
, 2, ହ

ଶ
, 3 and its first derivative gives the following 

set of discrete schemes to form the first hybrid block 
method atk = 3. 

 
 
Equations (2.6) are of uniform order 7, with error 
constant as follows: 
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The Second Adam Block Scheme at k =3 derived as 
follows: 
Equation (2.1) is interpolated at x = xn+j , j =1 and 
equations  ( 2.2) is collocate  at  x= xn+j for j=0,2,3  
which gives the system of non-linear equations of the 
form 8 

 
 
With the use of maple 17 mathematical software, we 
obtain the continuous formula for the method as: 
 

 
 
When equation (2.5) evaluated at ࢞ =  ା࢐where࢔࢞
࢐ = ૙,૛,૜ and its first derivative gives the following 
set of discrete schemes to form the hybrid block 
method at k = 3. 

 
 
The proposed schemes in (3.5) are  of order  [4 ,4 , 
4]T and error constant[ ଵଽ

଻ଶ଴
, ଵଵ
଻ଶ଴

, - ଵ
ଽ଴

]. 
 
III. BLOCK ANALYSIS OF THE METHODS  
 

 
 
We shall normalize the block method (3.1) by 
multiplying matrices,ܣ(଴),ܣ(ଵ),ܤ(଴),ܤ(ଵ),, with 
inverse of ܣ(଴)to obtain  anܣ′(଴),ܣ′(ଵ),ܤ′(଴) ܽ݊݀ ܤ′(ଵ), 
Then,P(R)=det [ܣ′(଴)  [(ଵ)′ܣ−

 
 
Which implies that R1 = R2 = R3 = R4 = 0 and R5 
=1. Hence from the definition (1.3) equation, the 
method (3.1) is zero stable and also consistent as its 
order is5>1 ,thus convergent.  
The same analysis holds for block methods (2.10) and 
(2.12), thus they are zero stable and convergent. 
 
IV. NUMERICAL EXPERIMENTS  
 
The two block methods derived atk=3, are 
demonstrated with the following problems: 
Problem 1: ݕଵ = 0.5(1− (0)ݕ,(ݕ = 0.5,ℎ = 0.1 
 
Exact solution:(ݔ)ݕ = 1 − ଵ

ଶ
݁ି

భ
మ 

 
Problem 2  :ݕଵ(ݔ) = 80 − ସ଴.௬(௫)

(ଶ଴଴଴ିହ௫) (0)ݕ, = 100 



Formulation Of Corrector Methods From 3- Step Hybrid Adams Type Methods For The Solution Of First Order Ordinary Differential Equation 

Proceedings of 32nd The IIER International Conference, Dubai, UAE, 8th August 2015, ISBN: 978-93-85465-69-7 

105 

Exact solution: 
(ݔ)ݕ = 2(000− (ݔ5 − ଷଽ଴଴

(ଶ଴଴଴)వ
  (−2000 +  (ݐ5

 

Problem 3: ݕଵ(ݔ) = 8൫ݔ − ൯(ݔ)ݕ + 1, (0)ݕ = 2,ℎ =
0.01  
Exact solution:(ݔ)ݕ = ݔ + 2݁ି଼௫ 
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 DISCUSSION OF RESULT 
 
In problem 1 table 1 the result using continues linear 
multi-step method (J. Sunday and Odekunle [8] ) 
method and the two present method  were compared 
and found out that the Adams type method  exhibited 
a higher degree of accuracy, whereas in problem 2 
table 2. Comparison was made only between the two 
present methods and Adam Type Method has a slight 
difference in degree of accuracy unlike in problem 3 
table where the Adams Type Method performed best 
than the convectional method. This shows that Adams 
Type Method is better than conventional method.  
 
CONCLUSION                                          
 
We conclude that the Adams Type Method is of 
uniform order 7 and the other Adams Conventional 
Method is of uniform order 4 all at k = 3 are suitable 
for the solution of first order differential equation all 
are zero stable. For further suggestions, Adams Type 
Method can equally be compared with Adams-
Bashforth Method, Backward Difference Method 
(BDF) and RungeKulta Type Method. 
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