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Abstract: A system of linear/nonlinear integral and integro-differential equations that exists in a bounded Banach space is 
described in the paper along with the acceptable control functions involved.  We obtain a dual space of the p-integrable space 
and the solution to its dual from the theory.  The system's kernel produces an admissible control function.  Considering these 
factors and the existence of Laplace transform and its inverse conditions stipulated, we solved some various systems of nonlinear 
Volterra integro-differential equations using the Laplace-Adomian Decomposition Algorithm.  The Laplace-Adomian 
Decomposition Algorithm is used without the need of restrictive assumptions, discretization, transformation or the guess of 
initial term.  When compared to the current/exact solution, numerical results show that the Laplace-Adomian Decomposition 
Algorithm is very promising and effective particularly for polynomial, exponential and differential nonlinearity. The method 
developed by the author with an extension, modification and new approach to initial and boundary value problem named 
Shooting Type Laplace Adomian Decomposition Algorithm (STLADA). The paper describes a system of linear/nonlinear 
integral and integro-differential equations that occur in a bounded Banach space, along with the appropriate control functions 
involved. From the theory, we derive a dual space of the p-integrable space and the solution to its dual. An acceptable control 
function is generated by the system's kernel. We used the Laplace-Adomian Decomposition Algorithm, an analytical approach to 
solve a number of different systems of nonlinear Volterra integro-differential equations in light of these parameters as well as 
the presence of the Laplace transform and its inverse conditions. Restrictive assumptions, discretisation, transformation, and 
initial term guesswork are not required when using the Laplace-Adomian Decomposition Algorithm. Numerical results indicate 
that the Laplace-Adomian Decomposition Algorithm is highly promising and efficient when compared to the current/exact 
solution, especially for polynomial, exponential, and differential nonlinearity. The Shooting Type Laplace Adomian 
Decomposition Algorithm (STLADA) is an extension, modification, and novel technique to the boundary value problems that the 
author created. 
Keywords: System of integral and integro-differential equation, Laplace-Adomian Decomposition Algorithm, Admissible control 
functions, Analytic and numerical solution, p-integrable space, nonlinear equations, Adomian Polynomials.  
 

I. PRELIMINARIES 
The theory and application of integro-differential equations are essential in practical mathematics. In addition to being mathematical 
models for a variety of real-world situations, these equations are utilised to reformulate mathematical problems. These problems 
have analytical answers that are essential because they offer a physical comprehension of the problems that the numerical results 
cannot.  Nonlinear problems can be solved analytically using a variety of methods, such as the Taylor Series Method [2], Adomian's 
Method [1, 6, 16], Taylor Expansion Approach [15], Laplace-Adomian Decomposition Algorithm [14], Variational Iteration 
Method [12, 27, 28], and Homotopy Perturbation Method [13, 18]. The numerical solution of nonlinear integro-differential 
equations has been thoroughly studied by several authors. Many works in recent years have focused on the development of 
increasingly complex and efficient methods for integro-differential equations, such as the Wavelet-Galerkin Method [4], Lagrange's 
Interpolation Method [26], and Tau Method [19, 20, 21, 22, 25]. A particular class of integro-differential equations is solved using 
most of the previously discussed methods. 
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In this paper, we propose the Laplace-Adomian Decomposition Algorithm (LADA) to solve a system of nonlinear Volterra integro-
differential equations, inspired by the work [7, 8, 9, 10, 11, 14, 17, 24, 25, 27, 28, 29, 30, 31, 32, 33, 34]. Biazar [14] developed the 
Adomian Decomposition Method to solve systems of integral differential equations. The variational iteration method was used in 
[27, 28] to solve a system of linear integrate-differential equations. Instead of selecting the exact solution with uncertain constants, 
the variational iteration approach's initial iteration was selected at random. Biazar et al. [13] solved the system of integro-differential 
equations using He's Homotopy Perturbation Method. A New Variational Iteration Method for solving systems of integro-
differential equations was recently developed by J. Sabei Nadjafi and M. Tamamgar [27] used an efficient algorithm. A set of 
integro-differential equations was solved by E. Yusufoglu [35]. 
G. Ebadi [17] developed the operational method to the Tau technique for the numerical solution of the system of nonlinear Volterra 
integro-differential equations with initial or boundary conditions without linearising. The operational approach to the Tau technique 
has lately been applied to the numerical solution of the system of linear integral and integro-differential equations [19, 21, 22, 25]. 
LADA may solve linear, nonlinear, integral, or integro-differential equations in any order. This approach is very straightforward, 
efficient, and assumes nothing about the starting term, and it produces results that are incredibly close to the exact solution. In the 
first section, we explain the admissible control functions which are usually in the space  ܮ௣([0,ܶ]) describes a control system 
involved in system of integral and integro-differential equations.  Following the approach explanation in Section 3, numerical results 
are given in Section 4. 
 

II. CONTROL SYSTEM DESCRIBED BY A NONLINEAR INTEGRAL AND INTEGRO-DIFFERENTIAL 
EQUATIONS 

The solution of nonlinear equations requires a control system with constrained resources.  The behaviour of the control system 
determines the acceptable control functions, which are typically selected from the closed ball centred at the origin with radius ߤ and 
involved in the space ܮ௣([0,ܶ]),݌ > 1.  These control functions are bounded, continuous with respect to ݌ for each fixed ߤ, and 
satisfy the Lipschitz condition with respect to ߤ  for each fixed ݌.  Systems with finite energy supplies that are depleted by 
consumption are modelled by control functions with integral constraints on the controls. Nonlinear integral and integro-differential 
equations describe the behaviour of these systems. The closed ball of the space ܮ௣([0,ܶ])  contains the admissible control functions; 
݌ > 1 with radius ߤ  and centred at the origin are continuous with regard to ݌ in Hausdorff metric.  In [3, 18, 19, 20], the conditions 
of the sets on ݌ and ߤ are examined. 
Consider the linear/nonlinear system of integral/integro-differential equations, 

(ݐ)௜(௞)ݕ                                   = ௜ߙ ቀݕ,ݐ௜൫௞
ᇲ൯(ݐ)ቁ+ ߣ නܭ௜(ݕ,ݔ,ݐ௜(௞)(ݔ),ݑ௝(ݔ))݀ݔ

௧

௧బ

                                       (1) 

with ݅ = 1,2,3, … , ݊,   ݆ = 1,2,3, … ,݉;݇   and ݇′ be the number of times its derivative, ݇′ be restricted such that ݇ ≠ ݇′ and ݇ > ݇ᇱ.  
Also ݕ௜(ݔ) ∈ ℝ௠ is the state vector and ݑ௜(ݔ) ∈ ℝ௠ is the control vector, ݐ ∈ ߣ  ,[ܶ,଴ݐ] ∈ ℝ.  Let ݌ > 1 and ߤ > 0 such that 
.)௜ݑ ) ∈ ܺ = .)௜ݑ||  the inner product space such that ,〈ℝ௠;([ܶ,଴ݐ])௣ܮ〉 )||௣ ≤  is an admissible control functions, where ߤ

.)௜ݑ||                                                                 )||௣ = ቎න  ||
்

௧బ

቏ݐ௣݀||(ݐ)௜ݑ

ଵ
௣

                                                                (2) 

 
Define ݑ௣,ఓ = ൛ݑ௜(. ) ∈ :(௣;ℝ௠ܮ .)௜ݑ|| )||௣ ≤  ൟ is the is the set of all admissible control functions in  ܺ.  All the control functionsߤ
satisfies the properties of the inner product space ܮ௣([0,ܶ]). The functions ߙ௜(ݐ, ௜൫௞ݕ

ᇲ൯(ݐ)), ܭ௜(ݕ,ݔ,ݐ௜(௞)(ݔ),ݑ௝(ݔ)), and the interval 
of integration [ݐ଴,ܶ] satisfies the following conditions. 
 

1. The function ߙ௜(. ): [ܶ,଴ݐ] ×  ℝ௡ → ℝ௡  and ܭ௜(. ): [ܶ,଴ݐ] × [ܶ,଴ݐ] ×  ℝ௡ × ℝ௠ → ℝ௡ are continuous. 
2. There exists ܯ ∈ [0,1), ଷܯ ,ଶܯ ,ଵܯ  ≥ 0,  ଵܰ, ଶܰ, ଷܰ ≥ 0 such that 

(a) ||ߙ௜ ቀݐ, ௟൫௞ݕ
ᇲ൯(ݐ)ቁ − ௜ߙ ቀݐ, ௟ᇲ൫௞ݕ

ᇲ൯(ݐ)ቁ || ௟(௞)ݕ || ଴ܯ  ≥ −  ||௟ᇲ(௞)ݕ

(b) ||ܭ௜൫ݐଵ,ݔ, ଵ൯ݑ, ௟ݕ − ,ݔ,ଶݐ)௜ܭ ||(ଶݑ,௟ᇱݕ + ଵܯ]  ≥  ଵܰ (|| ݑଵ|| + ଵݐ |(||ଶݑ || −   +|ଶݐ 
+ ଶܯ]                 ଶܰ (|| ݑଵ|| + ଵݔ |(||ଶݑ || −  +|ଶݔ 
+ ଷܯ]                ଷܰ (|| ݕ௟|| + ଵݑ |(||௟ᇲݕ || −   |ଶݑ 
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for every ( ݐଵ,ݔ, ௟ݕ  , ,(ଵݑ  ,ݔ,ଶݐ ) ௟ᇲݕ  , (ଶݑ   ∈ [ܶ,଴ݐ ] × [ܶ,଴ݐ]  × ℝ௡ × ℝ௠ 

(c) There exists ݌଴ > 1 and ߤ଴ > 1 such that 0 ≤ ܶ) ଶܯ ]ߣ − (଴ݐ + 2 ଶܰ (ܶ − (଴ݐ
೛బషభ
೛బ ଴ߤ <  ܯ−1

 
If ܭ௜൫ݐଵ,ݔ, ௝൯ݑ, ௜ݕ  = ,ݐ)߶  ,ݔ ( ௜ݕ ,ݐ) ௝, where the functionsݑ( ௜ݕ,ݔ,ݐ)߰+ ,ݔ ( ௜ݕ ,ݐ)߶ →  ,ݔ ( ௜ݕ,ݔ,ݐ)       ௜ ) andݕ ,ݔ,ݐ)߰ →  ௜ ) areݕ
continuous with respect to (ݕ,ݔ,ݐ௜ ) and satisfies Lipchitz conditions.  Also, 
 

(ߤ,݌;ߣ)ܮ                          = ܯ + ܶ)ଶܯ]ߣ − (଴ݐ + 2 ଶܰ(ܶ − (଴ݐ
೛బషభ
೛ഋ                                                            (3)      

        
Condition (ܿ) implies   0 ≤ (଴ߤ,଴݌;ߣ)ܮ  < 1, there exists  ߟ > 0 such that  0 ≤ (ߤ,݌;ߣ)ܮ < 1 for every ݌ ∈ ଴݌] − ,ߟ ଴݌ +      [ߟ
where ݌଴ − ߟ > 1 and ߤ଴ − ߟ > 0. 
 
Define the conjugate operator,  

(ߣ)∗ܮ                          = max {݌:(ߤ,݌;ߣ)ܮ ∈ ଴݌] − ,ߟ ଴݌ + ߤ,[ߟ ∈ ଴ߤ] − ଴ߤ,ߟ +       (4)                                                         {[ߟ
 

Let ݌ and ߤ be fixed and ݑ∗(. ) ∈ ௣ܷ,௤, under these conditions, there is a continuous function ݑ∗(. ): [ܶ,଴ݐ] → ℝ௡ satisfying the 
system. 
 
The above conditions produced the following theorem with the motivation obtained from [22, 23].  Further properties are also 
documented in the same author. 

(ݐ)∗௜ݕ                                   = ,ݐ௜൫ߙ ∗௜ݕ
(௞)൯+ ߣ නܭ௜(݈,ݕ,ݔ௜∗(ݔ), ݔ݀((ݔ)∗௝ݑ

௧

௧బ

                                                 (5) 

for every ݐ ∈ .)∗௝ݑ is the trajectory of the system (1)  generated by the admissible control function [ܶ,଴ݐ] ) ∈ ௣ܷ,௤  yields the control 
function ݑ௝(. ) ∈ ௣ܷ,௤  denoted by ݕ௜(. .)ݑ; )).  
 
Theorem 1: Conditions(ܽ), (ܾ) and (ܿ) holds.  Then every admissible control function ݑ௝(. ) ∈ ௣ܷ,ఓ   generates a unique trajectory 
.)௜ݕ .)ݑ; ))  of the system (1), where ݌ ∈ ଴݌] − ଴݌,ߙ + ,[ߙ ߤ ∈ ଴ߤ] − ,ߟ ଴ߤ + ߤ with [ߤ > 0. 
 
From the above point of view and the conditions of stipulated in Laplace transform ߙ௜ and ܭ௜ in which the Laplace and its inverse 
exists are considered in the upcoming sections with some applications. 
 

III. LAPLACE-ADOMIAN DECOMPOSITION ALGORITHM (LADA) 
Consider the linear/nonlinear integro-differential equations 
 
ଵ(௠భ)ݕ = ,(ݔ)ଶ(ଵ)ݕ,(ݔ)ଶݕ,ݔ)ଵܨ … ,(ݔ)ଷݕ,(ݔ)ଶ(௠మ)ݕ, ,(ݔ)ଷ(ଵ)ݕ … ,(ݔ)ଷ(௠య)ݕ, … ,  ,(ݔ)௡ݕ
,(ݔ)௡(ଵ)ݕ  … , ((ݔ)௡(௠೗)ݕ + ∫ ,ݔ]ଵܭ ௫,ݐ

଴ ,(ݐ)ଵ(ଵ)ݕ,(ݐ)ଵݕ … ,(ݐ)ଶ(ଵ)ݕ,(ݐ)ଶݕ,(ݐ)ଵ(௠భ)ݕ, … ,  ,(ݐ)ଶ(௠మ)ݕ
,(ݐ)ଷ(ଵ)ݕ,(ݐ)ଷݕ  … , (ݐ)ଷ(௠య)ݕ … , ,(ݐ)௡(ଵ)ݕ,(ݐ)௡ݕ … ,  ݐ݀[(ݐ)௡(௠೗)ݕ
 
 
ଶ(௠మ)ݕ = ,ݔ)ଶܨ ,(ݔ)ଵ(ଵ)ݕ,(ݔ)ଵݕ … ,(ݔ)ଵ(௠భ)ݕ, ,(ݔ)ଷݕ ,(ݔ)ଷ(ଵ)ݕ … ,(ݔ)ଷ(௠య)ݕ, … ,  ,(ݔ)௡ݕ
,(ݔ)௡(ଵ)ݕ  … , ((ݔ)௡(௠೗)ݕ + ∫ ,ݔ]ଶܭ ௫,ݐ

଴ ,(ݐ)ଵ(ଵ)ݕ,(ݐ)ଵݕ … , ,(ݐ)ଶ(ଵ)ݕ,(ݐ)ଶݕ,(ݐ)ଵ(௠భ)ݕ …  ,(ݐ)ଶ(௠మ)ݕ,
,(ݐ)ଷ(ଵ)ݕ,(ݐ)ଷݕ  … , (ݐ)ଷ(௠య)ݕ … , ,(ݐ)௡(ଵ)ݕ,(ݐ)௡ݕ … ,  ݐ݀[(ݐ)௡(௠೗)ݕ
 . 
  . 
௡(௠೗)ݕ = ,ݔ)௡ܨ ,(ݔ)ଵݕ ,(ݔ)ଵ(ଵ)ݕ … , ,(ݔ)ଶݕ,(ݔ)ଵ(௠భ)ݕ ,(ݔ)ଶ(ଵ)ݕ … ,(ݔ)ଶ(௠మ)ݕ, …  ,(ݔ)௡ିଵݕ,
,(ݔ)௡ିଵ(ଵ)ݕ  … ((ݔ)௡ିଵ(௠೗ିଵ)ݕ, + ∫ ,ݔ]௡ܭ ௫,ݐ

଴ ,(ݐ)ଵ(ଵ)ݕ,(ݐ)ଵݕ … , ,(ݐ)ଶ(ଵ)ݕ,(ݐ)ଶݕ,(ݐ)ଵ(௠భ)ݕ …  ,(ݐ)ଶ(௠మ)ݕ,
,(ݐ)ଷ(ଵ)ݕ,(ݐ)ଷݕ  … , (ݐ)ଷ(௠య)ݕ … , ,(ݐ)௡(ଵ)ݕ,(ݐ)௡ݕ … ,  (6)                                                           ݐ݀[(ݐ)௡(௠೗)ݕ
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In this system ݉ଵ,݉ଶ, … ,݉௟  are the order of derivatives, ܨ௜ and ܭ௜; ݅ = 1,2,3, … ,݊ are continuous functions of several variables, 
which are given and ݕଵ(ݔ),ݕଶ(ݔ), ,(ݔ)ଷݕ …  are the functions to be determined. From the system, taking the first nonlinear (ݔ)௡ݕ,
integro-differential equation and applying Laplace transform on both sides, we obtain 
ℒ(ݕଵ

(௠భ)) = ℒ(ܨଵ(ݔ, ,(ݔ)ଶݕ ,(ݔ)ଶ(ଵ)ݕ … , ,(ݔ)ଷ(ଵ)ݕ,(ݔ)ଷݕ,(ݔ)ଶ(௠మ)ݕ … ,(ݔ)ଷ(௠య)ݕ, …  ,(ݔ)௡ݕ,
,(ݔ)௡(ଵ)ݕ  … , (((ݔ)௡(௠೗)ݕ + ଵ

௦
ℒ[ܭଵ[ݔ, ,(ݐ)ଵ(ଵ)ݕ,(ݐ)ଵݕ,ݐ … ,(ݐ)ଶ(ଵ)ݕ,(ݐ)ଶݕ,(ݐ)ଵ(௠భ)ݕ, … ,  ,(ݐ)ଶ(௠మ)ݕ

,(ݐ)ଷ(ଵ)ݕ,(ݐ)ଷݕ  … , (ݐ)ଷ(௠య)ݕ … , ,(ݐ)௡(ଵ)ݕ,(ݐ)௡ݕ … ,  (7)                                                             [(ݐ)௡(௠೗)ݕ
 
Take ݕଵ(ݔ) = ∑ ஶ(ݔ)ଵ௠ݕ

௠ୀ଴ (ݔ)ଶݕ , = ∑ ஶ(ݔ)ଶ௠ݕ
௠ୀ଴ (ݔ)௡ݕ ,… , = ∑ ஶ(ݔ)௡௠ݕ

௠ୀ଴ ,  be the solution of the system. The nonlinear terms 
in the system is decomposed into Adomian Polynomials [1].  Substitution of these terms in (2) and using the iterative algorithm in 
LADA, we get a system of equations in terms of the unknown functions and Adomian polynomials.  From the iterative algorithm, 
we get the initial term ݕଵ଴.  Next, we take the second equation from the system and proceeding as above, we get the initial term ݕଶ଴. 
Continuing in this way, we get ݕ௡଴.  Substitution of these initial terms successively in the iterative algorithm, we get the successive 
terms of the approximate solution.  Defining the sum up to ݊  terms of the corresponding series as ܵ௡(ݔ), ௡ܶ(ݔ),ܴ௡(ݔ), … ;݊ =
1,2,3, … , the approximate analytic solution of the system of integro-differential equation is 
 

                                  ܵ௡(ݔ) = (ݔ)ଵ଴ݕ + (ݔ)ଵଵݕ + (ݔ)ଵଶݕ + ⋯+ (ݔ)ଵ௡ݕ
                                  ௡ܶ(ݔ) = (ݔ)ଶ଴ݕ + (ݔ)ଶଵݕ + (ݔ)ଶଶݕ +⋯+ (ݔ)ଶ௡ݕ
                                   ܴ௡(ݔ) = (ݔ)ଷ଴ݕ + (ݔ)ଷଵݕ + (ݔ)ଷଶݕ +⋯+ (ݔ)ଷ௡ݕ

ቑ                                           (8) 

and so on. 
 

IV. SOME APPLICATIONS 
A. Second order - Differential and Polynomial nonlinearity  
Consider the following system of nonlinear integro-differential equation [13, 28, 34] 

(ݔ)"ݑ = 1−
1
3 ݔ

ଷ −
1
′ݒ2

ଶ(ݔ) +
1
2
න[ݑଶ(ݐ) + (ݐ)ଶݒ
௫

଴

 ; ݐ݀[

(ݔ)"ݒ = −1 + ଶݔ − (ݔ)ݑ ݔ +
1
4
න[ݑଶ(ݐ)− (ݐ)ଶݒ
௫

଴

  ݐ݀[

with the initial conditions (0)ݑ = (0)′ݑ ,1 = (0)ݒ ,2 = (0)′ݒ ,1− = 0.   
 
Consider the first nonlinear equation from the system and taking Laplace transform on both sides, we get 

         ℒ൫(ݔ)ݑ൯ = ଵ
௦

+ ଶ
௦మ

+ ଵ
௦య
− ଶ

௦ల
− ଵ

ଶ௦మ
ℒ ቀ൫ݒᇱ(ݔ)൯ଶቁ+ ଵ

ଶ௦మ
ℒ൫ݑଶ(ݔ)൯ + ଵ

ଶ௦మ
ℒ൫ݒଶ(ݔ)൯                             (9) 

Let (ݔ)ݑ = ∑ ஶ(ݔ)௡ݑ
௡ୀ଴  and (ݔ)ݒ = ∑ ஶ(ݔ)௡ݒ

௡ୀ଴  be the solution of the system.  The nonlinear terms in (6) can be decomposed into 
Adomian polynomials as follows.  

(ݔ)ଶݑ = ∑ ஶ(ݔ)௡ܣ
௡ୀ଴ (ݔ)ଶݒ , = ∑ ஶ(ݔ)௡ܤ

௡ୀ଴ (ݔ)ଶ(′ݒ)  , = ∑ ஶ(ݔ)௡ܥ
௡ୀ଴  where 

 
଴ܣ = ଵܣ  ,଴ଶݑ = ଶܣ ,ଵݑ଴ݑ2 = ଵଶݑ + ଷܣ ,ଶݑ଴ݑ2 = ଷݑ଴ݑ2 + ସܣ ,ଶݑଵݑ2 = ସݑ଴ݑ2 + ଷݑଵݑ2 +  ; ଶଶݑ
଴ܤ = ଵܤ  ,଴ଶݒ = ଶܤ ,ଵݒ଴ݒ2 = ଵଶݒ + ଷܤ ,ଶݒ଴ݒ2 = ଷݒ଴ݒ2 + ସܤ ,ଶݒଵݒ2 = ସݒ଴ݒ2 + ଷݒଵݒ2 +  ; ଶଶݒ
଴ܥ = ଴′ݒ

ଶ,  ܥଵ = ଶܥ,ଵ′ݒ଴′ݒ2 = ଵ′ݒ
ଶ + ଷܥ ,ଶ′ݒ଴′ݒ2 = ଷ′ݒ଴′ݒ2 + ସܥ ,ଶ′ݒଵ′ݒ2 = ସ′ݒ଴′ݒ2 + ଷ′ݒଵ′ݒ2 + ଶ′ݒ

ଶ         and so on. Substituting 
these results into (9) and using linearity property of Laplace transforms, the iterative algorithm yields 

ℒ൫ݑ଴(ݔ)൯ = ଵ
௦

+ ଶ
௦మ

+ ଵ
௦య
− ଶ

௦ల
                                                                                                                  (10) 

ℒ൫ݑ௡ାଵ(ݔ)൯ = − ଵ
ଶ௦మ

ℒ(ܥ௡) + ଵ
ଶ௦మ

ℒ(ܣ௡) + ଵ
ଶ௦మ

ℒ(ܤ௡)                                                                             (11) 
Again, consider the second nonlinear integro-differential equation from the system and proceeding as above, we get the following 
iterative algorithm. 

ℒ൫ݒ଴(ݔ)൯ = − ଵ
௦
− ଵ

௦య
+ ଶ

௦ఱ
                                                                                                                        (12) 

ℒ൫ݒ௡ାଵ(ݔ)൯ = − ଵ
௦మ
ℒ൫ݑ ݔ௡(ݔ)൯ + ଵ

ସ௦య
ℒ(ܣ௡)− ଵ

ସ௦య
ℒ(ܤ௡)                                                                       (13) 
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Using inverse Laplace transforms in (10)  and (12), we get the initial terms ݑ଴(ݔ) and ݒ଴(ݔ).  That is, 
(ݔ)଴ݑ                   = 1 + ݔ2 + ଵ

ଶ
ଶݔ − ଵ

଺଴
 ହ                                                                                               (14)ݔ

(ݔ)଴ݒ                   = −1 − ଵ
ଶ
ଶݔ + ଵ

ଵଶ
 ସ                                                              (15)ݔ

Substituting ݑ଴(ݔ) and ݒ଴(ݔ) into (11)  and (13),  with the use of Adomian polynomials stated above and taking inverse Laplace 
transforms, we get the following iterative scheme. 
 

(ݔ)ଵݑ  =
1
6 ݔ

ଷ +
1

24 ݔ
ସ +

1
20 ݔ

ହ +
7

360 ݔ
଺ +

1
1260 ݔ

଻ −
1

960 ݔ
଼ −

1
6720 ݔ

ଽ −
1

86400 ݔ
ଵ଴ +

1
285120 ݔ

ଵଵ +
1

12355200 ݔ
ଵଷ 

 

(ݔ)ଵݒ = −
1
6 ݔ

ଷ −
1
8 ݔ

ସ −
1

120 ݔ
ହ +

1
240 ݔ

଺ +
1

5040 ݔ
଻ +

11
40320 ݔ

଼ +
1

120960 ݔ
ଽ −

1
172800 ݔ

ଵ଴ −
1

570240 ݔ
ଵଵ +

1
ݔ24710400

ଵଷ  

 
(ݔ)ଶݑ = − ଵ

ସ଴
ହݔ − ଵ

଻ଶ
଺ݔ + ଷ

ହ଺଴
଻ݔ + ହ

ଵଵହଶ
଼ݔ + ଵଵ

ଵ଼ଵସସ
ଽݔ + ଵ

ଵଶଽ଺଴଴
ଵ଴ݔ − ହଽ

଺଺ହଶ଼଴଴
ଵଵݔ − ସଵ

ସ଼ଷ଼ସ଴଴
ଵଶݔ − ଻଴ଵ

଺ଶଶ଻଴ଶ଴଼଴
  ଵଷݔ

              − ଵ଻
ଶଵହଶହହ଴ସ଴

ଵସݔ + ଵଶସ଺ଵ
ଷଶ଺ଽଵ଼ହଽଶ଴଴଴

ଵହݔ + ଷଽଵ
଺ଷସ଴ଶଷଽଷ଺଴଴

ଵ଺ݔ − ଽ଻଻
଼ସ଺଼଻ସ଼ଶ଼଼଴଴଴

ଵ଻ݔ + ଵସଽ
ଵ଴଼଼଼ଷଽ଴଺ହ଺଴଴଴

ଵ଼ݔ −                 ଵ
ଽଽସ଺ଵଶ଺଴଼଴଴

ଵଽݔ +
ଵ

ଽଽସ଺ଵଶ଺଴଼଴଴
ଵଽݔ + ଵ

ଶ଴ଶ଼ଶଶଽ଺ଷଶ଴଴଴
ଶ଴ݔ − ଵ

ହଽଵହ଺଺ଽ଻଴଴଴଴଴
 ଶଵݔ

 
(ݔ)ଶݒ = − ଵ

ଵ଼଴
଺ݔ − ଵ

ଶହଶ଴
଻ݔ − ଵଽ

ଶ଺଼଼଴
଼ݔ − ଵଷ଻

଻ଶହ଻଺଴
ଽݔ + ଵଷ

ଷ଴ଶସ଴଴
ଵ଴ݔ + ଵସଷ

଻ଶହ଻଺଴଴
ଵଵݔ + ଵହଵ

ଷଵଽଷଷସସ଴଴
ଵଶݔ − ଽ଼ଷ

ଶ଴଻ହ଺଻ଷ଺଴଴
ଵଷݔ −    

                 ହ଼ଽ
ସଽ଼ଵ଺ଵ଺଺ସ଴

ଵସݔ − ଻ହଵ
ଵ଴଼ଽ଻ଶ଼଺ସ଴଴଴

ଵହݔ + ହଷଶଽ
ଶଷଶସ଻ହସସଷଶ଴଴଴

ଵ଺ݔ + ଵଶଽ଻
ଷଷ଼଻ସଽଽଷଵହଶ଴଴

ଵ଻ݔ + ଼଼ଽ
ଶଵ଻଻଺଻଼ଵଷଵଶ଴଴଴

ଵ଼ݔ − 

               ଵ
ଵଽ଼ଽଶଶହଶଵ଺଴଴

ଵଽݔ − ଵ
ସ଴ହ଺ସହଽଶ଺ସ଴଴଴

ଶ଴ݔ − ଵ
ଵଵ଼ଷଵଷଷଽହଶ଴଴଴଴

                ଶଵݔ
 

(ݔ)ଷݑ = −
1

240 ݔ
଺ −

1
168 ݔ

଻ −
11

3360 ݔ
଼ −

13
60480 ݔ

ଽ +
683

3628800 ݔ
ଵ଴ +

391
7983360 ݔ

ଵଵ +
3293

87091200 ݔ
ଵଶ +

13291
1556755200 ݔ

ଵଷ − 

              ଵଵସସଽ
ଵ଻ସଷହ଺ହ଼ଶସ଴

ଵସݔ   − ଵଶସହସ଴ଵ
ଶ଺ଵହଷସ଼଻ଷ଺଴଴଴

ଵହݔ − ଵସ଼ଶଵ଴ଵ
ଶ଴ଽଶଶ଻଼ଽ଼଼଼଴଴଴

ଵ଺ݔ + ଻ଽ
ସ଴ଷଶ଻ଷ଻ଶ଼଴଴଴

ଵ଻ݔ + ଺ଵ଻଻଼଴ଷ
ଷଶ଴ଵଵ଼଺଼ହଶ଼଺ସ଴଴଴

ଵ଼ݔ +  

                ଼ଵଽଽଽଷଵ
ଶସଷଶଽ଴ଶ଴଴଼ଵ଻଺଺ସ଴଴

ଵଽݔ +  ସ଺଺ଵହଵଷ
ଶ଻଴ଷଶଶସସହଷହଶଽ଺଴଴଴଴

ଶ଴ݔ − ଵ଴ଵ଼ଽ଺଼ସଽ
ଵ଻଴ଷ଴ଷଵସ଴ହ଻ଶଷ଺ସ଼଴଴଴଴

ଶଵݔ − ଵଵ଼଴଴ଽ଻଴଴ଷ
ଵଵଶସ଴଴଴଻ଶ଻଻଻଻଺଴଻଺଼଴଴଴଴

ଶଶݔ +        

                ଷଶଶ଴ଽ଺ଷ
଼ଶ଼ହଽ଴ଶ଼଴଴ଽଶସ଺଻ଶ଴଴଴଴

ଶଷݔ + ଷଷ଻ସଷ଼ଽଷ
ସଽଶସଵଽଷ଺଺ସହସଽହଵଽଷ଺଴଴଴଴

ଶସݔ + ହ଻ଵଶ଼ଶଽ
ହଶ଻ହଽଶଵ଻଼ଷସସହଽଵଷ଺଴଴଴଴଴

ଶହݔ −                 ଼ଶହସ଴ଷ
ଶସ଼ହ଴ଷହ଺ଶଶ଺ଷ଻ହ଺଼଴଴଴଴଴଴

ଶ଺ݔ +
ଽ଼ଶଽ

ସ଻ଽଶହ଺଼଻଴଴଼଴ଵ଴ଶସ଴଴଴଴଴
ଶ଻ݔ − ଵ

ଵଶ଼଼଴଴଺ଽସହହ଴ହଶ଼଴଴଴଴
ଶ଼ݔ + ଵ଼଻ଵ

ହଽଷସ଼ସଽ଻଼ଵଵଶଶ଺଺ଶସ଴଴଴଴଴
 ଶଽݔ

 

(ݔ)ଷݒ =
11

26880 ݔ
଼ +

1
8064 ݔ

ଽ −
17

181440 ݔ
ଵ଴ −

5927
159667200 ݔ

ଵଵ +
643

ݔ383201280
ଵଶ +

9437
4981616640 ݔ

ଵଷ +
119

3228825600 ݔ
ଵସ + 

              ଵଶ଴଼଻଻
ଵ଻ସଷହ଺ହ଼ଶସ଴଴଴

ଵହݔ − ଵ଴ଵସ଻଻
଼ଷ଺ଽଵଵହଽହହଶ଴଴

ଵ଺ݔ   − ଵହ଼଴଼଻
ଶ଻ଷ଺଴ହ଻ଵଷଽଶ଴଴଴

ଵ଻ݔ − ଵଵ଴ଵ଻଻ଽଷ
ଵଶ଼଴ସ଻ସ଻ସଵଵସହ଺଴଴଴

ଵ଼ݔ + ଵଵଽ଴଼଻
ହହଶଽଷଶଶ଻ସହ଼ହ଺଴଴଴

ଵଽݔ +  

               ଷସଽଵଷଽଷ
ଵ଴଼ଵଶ଼ଽ଻଼ଵସଵଵ଼ସ଴଴଴

ଶ଴ݔ +  ଶଽଽଵଷ଻
଻ସଶ଴଺ଵ଺ଵସ଺ଽସସ଴଴଴଴

ଶଵݔ + ଼ଵ଻ଷ଻ଷ
଺ଵଽଶ଼ସଵସ଻ହଷହ଼଻ଶ଴଴଴଴

ଶଶݔ − ଷଷଶ଺ଽଽ
ହ଺ଽଽଶଽ଼ଶଶଶ଼ହ଼ଶସ଴଴଴଴

ଶଷݔ −       

               ଵଵଽହ଻ହଽ
ଵ଴ଷ଺଺଻ଶଷହ଴ସଷଵସ଻଻଻଺଴଴଴

ଶସݔ −   ଵ଼଴଼ଷଶଽଷ
ହଶ଻ହଽଶଵ଻଼ଷସସହଽଵଷ଺଴଴଴଴଴଴

ଶହݔ − ଻ଷ
ଷହ଺଻଴ଷ଺଻଻଼ଽ଴ହ଺଴଴଴଴଴

ଶ଺ݔ +                 ଵସ଼ଶ଻
ଽହ଼ହଵଷ଻ସ଴ଵ଺଴ଶ଴ସ଼଴଴଴଴଴

ଶ଻ݔ −
ଵ

ଷଷସ଼଼ଵ଼଴ହ଼ଷଵଷ଻ଶ଼଴଴଴଴
ଶ଼ݔ + ସଶ଼ଷ

ଷହ଺଴ଽ଴ଽ଼଺଼଺଻ଷହଽ଻ସସ଴଴଴଴଴
 ଶଽݔ

 
 
Hence the approximate solution of the system of nonlinear integro-differential equation is ܵ௡(ݔ)  and ௡ܶ(ݔ) defined in (8)  whose 
convergence is shown in Tables 1   and 2 and is compared with exact solution on interval[−1,1].  Exact solution of the above 
system is (ݔ)ݑ = ݔ + ݁௫ and (ݔ)ݒ = ݔ − ݁௫.  This problem was solved using HPM [13], VIM [34] and Modified Variation of 
Parameters Method (MVPM) [34].  Comparison with the exact solution, present method, MVPM and VIM are shown in Fig. 1 for 
 is same for all the three methods but LADA is very close to the exact solution (ݔ)ݑ From this we see that .(ݔ)ݒ and Fig. 2  for  (ݔ)ݑ
than MVPM and VIM in the case of (ݔ)ݒ.  From Fig. 1, these methods coincide if  |ݔ| < 0.7 and the error increases if |ݔ| > 0.7  for 
MVPM and VIM. 
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 ૟ Exact Errorࡿ ૝ࡿ ૛ࡿ ࢞
0.0 1.00000000 1.000000000 1.000000000 1.00000000 0.00000000 
0.2 1.421403110 1.421402759 1.421402759 1.421402758 7.04 × 10ିଵ଴ 
0.4 1.891853781 1.891824697 1.891824698 1.891824698 0.00000000 
0.6 2.422539334 2.422118691 2.422118801 2.422118800 4.13 × 10ିଵ଴ 
0.8 3.028490234 3.025538081 3.025540921 3.025540928 2.31 × 10ିଽ 
1.0 3.732110306 3.718246637 3.718281497 3.718281828 8.90 × 10ି଼ 

Table 1: Convergence of the sequence ܵ௡(ݔ)  and comparison with exact solution 
 

 ૟ Exact Errorࢀ ૝ࢀ ૛ࢀ ࢞
0.0 -1.000000000 -1.000000000 -1.000000000 -1.00000000 0.00000000 
0.2 -1.021402760 -1.021402759 -1.021402759 -1.021402758 9.79 × 10ିଵ଴ 
0.4 -1.091825007 -1.091824698 -1.091824698 -1.091824698 0.00000000 
0.6 -1.222127173 -1.222118805 -1.222118801 -1.222118800 8.18 × 10ିଵ଴ 
0.8 -1.425627870 -1.425541073 -1.425540915 -1.425540928 9.12 × 10ିଽ 
1.0 -1.718813428 -1.718284079 -1.718281520 -1.718281828 1.79 × 10ି଻ 

Table 2: Convergence of the sequence ௡ܶ(ݔ)  and comparison with exact solution 
 

        
 

B. First order - Differential and Product nonlinearity 
Consider the system of nonlinear integro-differential equations (convolution type) [13, 28] 

(ݔ)′ݑ = 1−
1
2 ଶ((ݔ)′ݒ) +න[(ݔ − (ݐ)ݒ(ݐ + [(ݐ)ݒ(ݐ)ݑ

௫

଴

; ݐ݀ (ݔ)′ݒ = ݔ2 + න[(ݔ − −(ݐ)ݑ(ݐ (ݐ)ଶݒ + (ݐ)ଶݑ
௫

଴

  ݐ݀[

 
with the initial conditions (0)ݑ = (0)ݒ ,0 = 1.  
 
Applying Laplace transform on both sides of the first equation in the system, we get 
          ℒ൫(ݔ)ݑ൯ = ଵ

௦మ
− ଵ

ଶ௦
ℒ ቀ൫ݒᇱ(ݔ)൯ଶቁ+ ଵ

௦మ
ℒ((ݔ)ݒ(ݔ)ݑ)     (16) 

 
Let (ݔ)ݑ = ∑ ஶ(ݔ)௡ݑ

௡ୀ଴  and (ݔ)ݒ = ∑ ஶ(ݔ)௡ݒ
௡ୀ଴  be the solution of the system.  The nonlinear terms be decomposed into Adomian 

polynomials as ((ݔ)′ݒ)ଶ = ∑ ஶ(ݔ)௡ܣ
௡ୀ଴ (ݔ)ݒ(ݔ)ݑ , = ∑ ஶ(ݔ)௡ܤ

௡ୀ଴  where 
଴ܣ = ଴′ݒ

ଶ,  ܣଵ = ଶܣ ,ଵ′ݒ଴′ݒ2 = ଵ′ݒ
ଶ + ଷܣ ,ଶ′ݒ଴′ݒ2 = ଷ′ݒ଴′ݒ2 + ସܣ ,ଶ′ݒଵ′ݒ2 = ସ′ݒ଴′ݒ2 + ଷ′ݒଵ′ݒ2 + ଶ′ݒ

ଶ ; 
଴ܤ = ଵܤ  ,଴ݒ଴ݑ = ଵݑ଴ݒ + ଶܤ ,ଵݒ଴ݑ = ଶݒ଴ݑ + ଶݑ଴ݒ + ଷܤ ,ଵݒଵݑ = ଷݒ଴ݑ + ଷݑ଴ݒ + ଶݒଵݑ + ସܤ ,ଵݒଶݑ = ସݒ଴ݑ + ଶݒଶݑ + ଷݒଵݑ +
ଵݒଷݑ +   .଴ ; and so onݒସݑ
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Substitution of the above  results into (16)   yields the following iterative algorithm. 
ℒ൫ݑ଴(ݔ)൯ = ଵ

௦మ
                                                                                                                  (17) 

ℒ൫ݑ௡ାଵ(ݔ)൯ = − ଵ
ଶ௦
ℒ(ܣ௡) + ଵ

௦మ
ℒ(ܤ௡)                                                                             (18) 

 
The nonlinear terms in the second equation of the system can be decomposed into Adomian polynomials as  ݒଶ(ݔ) = ∑ ௡ܲ(ݔ)ஶ

௡ୀ଴  
and  ݑଶ(ݔ) = ∑ ܳ௡(ݔ)ஶ

௡ୀ଴  where  
 
଴ܲ = ଴ଶ,  ଵܲݒ = ଵ, ଶܲݒ଴ݒ2 = ଵଶݒ + ଶ, ଷܲݒ଴ݒ2 = ଷݒ଴ݒ2 + ଶ, ସܲݒଵݒ2 = ସݒ଴ݒ2 + ଷݒଵݒ2 +  ; ଶଶݒ
ܳ଴ = ଴ଶ,  ܳଵݑ = ଵ, ܳଶݑ଴ݑ2 = ଵଶݑ + ଶ, ܳଷݑ଴ݑ2 = ଷݑ଴ݑ2 + ଶ, ܳସݑଵݑ2 = ସݑ଴ݑ2 + ଷݑଵݑ2 +    .ଶଶ and so onݑ
 
Substituting these equations into the second equation of the system yields the following iterative scheme 

ℒ൫ݒ଴(ݔ)൯ = ଵ
௦

+ ଶ
௦య

                                                                                                                  (19) 

               ℒ൫ݒ௡ାଵ(ݔ)൯ = − ଵ
௦మ
ℒ( ௡ܲ) + ଵ

௦మ
ℒ(ܳ௡)                                                                                    (20) 

 
Applying inverse Laplace transform to (17) and (19), we get the initial term as ݑ଴(ݔ) = (ݔ)଴ݒ ,ݔ = 1 + ଶݔ . 
Using the initial term and Adomian polynomials to (18) and (20), we get the following iterative scheme. 
 

(ݔ)ଵݑ =  
1
3 ݔ

ଷ +
1

15 ݔ
ହ 

 

(ݔ)ଵݒ =  −
1
2 ݔ

ଶ −
1

24 ݔ
ସ −

1
30 ݔ

଺ 

 

(ݔ)ଶݑ =  
2
3 ݔ

ଷ +
1

60 ݔ
ହ +

25
504 ݔ

଻ +
1

2520 ݔ
ଽ 

 
(ݔ)ଶݒ =  ଵ

ଵଶ
ସݔ + ଵ

ଽ଴
଺ݔ + ହଷ

ଵ଴଴଼଴
଼ݔ + ଵ

ଵଷହ଴
  ଵ଴ݔ

 

(ݔ)ଷݑ = − 
1
6 ݔ

ଷ −
2

15 ݔ
ହ −

17
630 ݔ

଻ −
1109

90720 ݔ
ଽ −

1171
453600 ݔ

ଵଵ −
47

7207200 ݔ
ଵଷ 

 

(ݔ)ଷݒ =  
13

360 ݔ
଺ −

1
672 ݔ

଼ −
23

302400 ݔ
ଵ଴ −

359
4989600 ݔ

ଵଶ −
1

70200 ݔ
ଵସ 

 

(ݔ)ସݑ =  
7

120 ݔ
ହ −

5
84 ݔ

଻ +
487

36288 ݔ
ଽ +

292
155925 ݔ

ଵଵ +
1175221

1556755200 ݔ
ଵଷ +

220469
2095632000 ݔ

ଵହ 

 
(ݔ)ସݒ = −  ଵ

଼଴
଺ݔ − ଵଷ

ଵ଴଴଼
଼ݔ − ଷଵ

ଽ଴଻ଶ଴
ଵ଴ݔ − ଶଶଽ

଻ଶହ଻଴଴
ଵଶݔ − ଽହଷଽଽ

ହସସ଼଺ଵଷଶ଴଴
ଵସݔ + ଶ଴ଽ଼ଽ

଼଴଻ଶ଴଺ଵ଴଴଴
+ ଵ଺ݔ ସଵ

ଵ଺ଵଵ଴ଽ଴଴଴
 ଵ଼ݔ

 
  
Summing up all the corresponding terms of the approximation, we get the approximate solution as ܵ௡(ݔ) and ௡ܶ(ݔ)  described in 
(8).  Convergence of the solution is shown in Tables 3 and 4 and is compared with the exact solution on interval [−1,1].  Exact 
solution of the system is u(x) = sinhx  and v(x) = coshx.  This problem was solved using HPM [13] and VIM [28].  Comparison 
with the exact solution, present method and VIM are shown in Fig. 3 for u(x) and Fig. 4 for v(x). From Fig. 3, we see that the 
solution obtained using LADA is very close to the exact.  But the solution obtained from VIM has error increases if |ݔ| > 0.8.  In 
Fig. 4, the solution obtained from LADA and VIM are same as the exact solution. 
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 ૚૙ Exact Errorࢀ ૢࢀ ૡࢀ ૠࢀ ࢞
-1.0 -0.9580891119 -0.9751737328 -0.9786967749 -0.9823942798 -1.0 0.01760572 
-0.8 -0.7899924106 -0.7943177906 -0.7948498590 -0.7953754889 -0.8 5.8 × 10ିଷ 
-0.6 -0.5981933156 -0.5988247526 -0.5988614107 -0.5988894756 -0.6 1.85 × 10ିଷ  
-0.4 -0.3998037323 -0.3998405604 -0.3998412303 -0.3998415751 -0.4 3.96 × 10ିସ  
-0.2 -0.1999944892 -0.1999947583 -0.1999947589 -0.1999947591 -0.2 2.62 × 10ିହ 
0.0 0.0000000000 0.0000000000 0.0000000000 0.0000000000 0.0 0.00000000 
0.2 0.1999945152 0.1999947354 0.1999947349 0.1999947350 0.2 2.63 × 10ିହ  
0.4 0.3998109839 0.3998370203 0.3998366322 0.3998367762 0.4 4.08 × 10ିସ  
0.6 0.5983993502 0.5988278130 0.5988090615 0.5988219954 0.6 1.96 × 10ିଷ 
0.8 0.7921816512 0.7954899356 0.7952201524 0.7955456715 0.8 5.57 × 10ିଷ 
1.0 0.9701612991 0.9886264674 0.9871839227 0.9905801123 1.0 9.42 × 10ିଷ  

Table 3: Convergence of the sequence ௡ܶ(ݔ)  and comparison with exact solution 
 

 ૚૛ Exact Errorࡾ ૚૙ࡾ ૡࡾ ૟ࡾ ૝ࡾ ࢞
-1.0 2.33856253 2.13910426 2.68663324 2.69504918 2.93167225 3.00 0.0227759 
-0.8 1.68287271 1.60718843 1.88257670 1.87743399 1.97308863 1.92 0.0276503 
-0.6 1.01966788 1.01081677 1.08868202 1.08838104 1.10155395 1.08 0.0199571 
-0.4 0.47177535 0.47223828 0.48248584 0.48252789 0.48305224 0.48 6.36 × 10ିଷ 
-0.2 0.11974142 0.11979785 0.12008985 0.12009026 0.12009206 0.12 7.67 × 10ିସ  
0.0 0.00000000 0.00000000 0.00000000 0.00000000 0.00000000 0.00 0.0000000 
0.2 0.12025319 0.12014517 0.11992198 0.11992274 0.11992397 0.12 6.34 × 10ିସ 
0.4 0.48813527 0.48379398 0.47747941 0.47772355 0.47799209 0.48 4.18 × 10ିଷ 
0.6 1.14393756 1.09908926 1.05659276 1.06510553 1.07080077 1.08 8.52 × 10ିଷ  
0.8 2.21086232 1.91468883 1.77948129 1.91680423 1.94129293 1.92 0.0110900 
1.0 4.01297382 2.25822166 2.46244124 4.20627679 3.06121619 3.00 0.0204053 

Table 4: Convergence of the sequence ܴ௡(ݔ)  and comparison with exact solution 
 
The aforementioned numerical examples demonstrate that the results are extremely near to the appropriate exact solution and are 
acquired in a relatively small number of iterations. The corresponding tables evaluate the error's absolute value. Additionally, the 
numerical results show that compared to MVPM [34] and Variational Iteration technique [28], the current technique converges 
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relatively quickly.  Abbasbandy et al. compared these issues with HPM and ADM using VIM, and they concluded that VIM is more 
precise and efficient. Using MVPM [34], Mohyud-Din et al. solved the first and second problems and compared their answer to the 
precise solution. When compared to these techniques, LADA is the most precise and dependable approach.  LADA can be used to 
solve a wide range of Volterra integro-differential equations, both linear and nonlinear. 
 
C. Integral System 
Consider the nonlinear integral system [5] 

(ݐ)ݑ = ݐ2 +
1
3 ݐ

ଷ −
1
2 ݐ

ଶ + න(ݏ)ݒ + [(ݏ)ଶݑ
௧

଴

; ݏ݀ (ݐ)ݒ = −1 + න[(ݏ)ݑ − (ݏ)ݒ
௧

଴

  ݏ݀[

Applying Laplace transform on both sides of the first equation in the system, we get 

ℒ൫(ݐ)ݑ൯ = ଶ௦మି௦ାଶ
௦ర

− ଵ
௦
ℒ(ݑଶ(ݐ)) + ଵ

௦
ℒ((ݐ)ݒ)      (21) 

Laplace transform of the second one is 
ℒ൫(ݐ)ݑ൯ = 1 + ℒ൫(ݐ)ݒ൯(ݏ + 1)        (22) 

Substituting (22) into  (21) yields, 

ℒ൫(ݐ)ݑ൯ = − ଵ
௦మା௦ିଵ

+ (௦ାଵ)൫ଶ௦మି௦ାଶ൯
௦య(௦మା௦ିଵ) − (௦ାଵ)

௦మା௦ିଵ
ℒ(ݑଶ(ݐ))     (23) 

Let (ݔ)ݑ = ∑ ஶ(ݔ)௡ݑ
௡ୀ଴  and (ݔ)ݒ = ∑ ஶ(ݔ)௡ݒ

௡ୀ଴  be the solution of the system.  The nonlinear term         ݑଶ(ݔ) = ∑ ஶ(ݔ)௡ܣ
௡ୀ଴  in 

(23) can be decomposed into Adomian polynomials as  
 

଴ܣ = ଵܣ  ,଴ଶݑ = ଶܣ ,ଵݑ଴ݑ2 = ଵଶݑ + ଷܣ ,ଶݑ଴ݑ2 = ଷݑ଴ݑ2 + ସܣ ,ଶݑଵݑ2 = ସݑ଴ݑ2 + ଷݑଵݑ2 +  .ଶଶ  and so onݑ
Substituting these results into (23)   and using linearity property of Laplace transforms,  the iterative algorithm yields 

  ℒ൫ݑ଴(ݐ)൯ = − ଵ
௦మା௦ିଵ

+ (௦ାଵ)൫ଶ௦మି௦ାଶ൯
௦య(௦మା௦ିଵ)    

  ℒ൫ݑଵ(ݐ)൯ = − (௦ାଵ)
௦మା௦ିଵ

ℒ(ܣ଴)  

  ℒ൫ݑଶ(ݐ)൯ = − (௦ାଵ)
௦మା௦ିଵ

ℒ(ܣଵ) 
In general,  
  ℒ൫ݑ௡ାଵ(ݐ)൯ = − (௦ାଵ)

௦మା௦ିଵ
ℒ(ܣ௡) 

Using inverse Laplace transform, we get the initial term  and some successive terms of the solution are as follows. 

(ݐ)଴ݑ = −6− ݐ3 − ଶݐ +
ଵସ√ହ௘

ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

ହ
+ 6݁

ష೟
మ coshቀ௧√ହ

ଶ
ቁ  

 

(ݐ)ଵݑ = 606 + ସݐ + ଷݐ14 + ଶݐ93 + ݐ348 − ଵଵ଻ଶ√ହ ୱ୧୬୦൫௧√ହ൯
ହହ௘೟

− ହଶସ√ହୡ୭ୱ୦൫௧√ହ൯
ଵଵ௘೟

+
ସସ௧య௘

ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ହହ௘೟
+                  

଻ସ௧మ௘
ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ହ
+

ଵସ଴଼௧௘
ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ଶହ
−

଺ଵସଶ௘
ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ଵଵ
+

ସ√ହ௧య௘
ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

ଷ
+                

ଵ଺଺√ହ௧మ௘
ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

ଶହ
+

଺ଷଶ√ହ௧௘
ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

ଶହ
−

ଷସଷହଶ଺√ହ௘
ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

ଵଷ଻ହ
  

 

(ݐ)ଶݑ = −229476 − ݐ136272 − ଶହଶ଼௧య ୡ୭ୱ୦൫௧√ହ൯
ହହ௘೟

− ଵ଻ଵଵଶ௧మ ୡ୭ୱ୦൫௧√ହ൯
ଵଶଵ௘೟

− ହହଽଶ଺ଵ଺௧ ୡ୭ୱ୦൫௧√ହ൯
଺଺ହହ௘೟

+                  ଻ହସଷଵ଻଻଼ସ଼√ହୱ୧୬୦൫௧√ହ൯
ଵ଼ଷ଴ଵଶହ௘೟

− ହଵଶ
ଶହ௘೟

−

ଵ଺௧మ

ହ௘೟
− ସ଼௧

ଶହ௘೟
+

ଷ଺ଽ଴ସ௘
షయ೟
మ ୡ୭ୱ୦൬య೟√ఱమ ൰

ଽହ
+

ଷସସ௘
షయ೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ହହ
+                

଺ଵଵ଺଻ହଶ଼଼ଶ଴௘
ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ଶ଻଼ଵ଻ଽ
+

ଷଶ௧ల௘
ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ସହ
+

ଶଵ଼଼௧ఱ௘
ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ଷ଻ହ
+

଻ସ௧ర௘
ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ହ
−                    

ଵ଻ଵଷହସ଼௧య௘
ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ସଵଶହ
−

ଷ଻ସଽଽ଴ଶ௧మ௘
ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ଵଷ଻ହ
+

ଵ଺ହ଴ସ√ହ௘
షయ೟
మ ୱ୧୬୦൬య೟√ఱమ ൰

ଽହ
  

              +
ଵହଶ√ହ௘

షయ೟
మ ୱ୧୬୦൬೟√ఱమ ൰

ହହ
+

଼ହସ଻ଷ଴ଽ଺଴ଶଶଷ଴଼√ହ௘
ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

଼଺ଽଷ଴ଽଷ଻ହ
−

଻ସ଼଴ହହଷ଺௘
ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

଺଼଻ହ
 

               +
଼√ହ௧ల௘

ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

ଶହ
+

ଷଶସ√ହ௧ఱ௘
ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

ଵଶହ
+

ଶସ଴଼√ହ௧ర௘
ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

ଷଶହ
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                 −
ଶହ଺ଽସ଼√ହ௧య௘

ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

ଵଷ଻ହ
−

଼ସ଴଺ଽ଺ଶ√ହ௧మ௘
ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

଺଼଻ହ
−

ଷଷସଽ଺଺ଽ଺√ହ௧௘
ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

଺଼଻ହ
  

ଶݐ39060−                    − ସݐ820 − ଷݐ6918 − ଺ݐ2 − ହݐ58 + ଷଷ଻ଷଷ଼ଵଽଽଶୡ୭ୱ୦൫௧√ହ൯
ଷ଺଺଴ଶହ௘೟

  

               − ଷଷଽଶ√ହ௧య ୱ୧୬୦൫௧√ହ൯
ଵ଺ହ௘೟

− ଷ଼ଶ଺ସ√ହ௧మ ୱ୧୬୦൫௧√ହ൯
଺଴ହ௘೟

− ହ଴଴ଶଵ଺√ହ௧ ୱ୧୬୦൫௧√ହ൯
ଵଷଷଵ௘೟

 

(ݐ)ଵݒ = 379 + ݐ221 + ଶݐ62 + ଷݐ10 + ସݐ − ହଶସ√ହୱ୧୬୦൫௧√ହ൯
ହହ௘೟

− ଵଵ଻ଶ௧మ ୡ୭ୱ୦൫௧√ହ൯
ହହ௘೟

− ଼
ହ௘೟

+
ଶ଼௧య ௘

ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ଵହ
ଶ݁ݐ6                  

ష೟
మ coshቀ௧√ହ

ଶ
ቁ −

଻ଵ଺ ௧௘
ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ଶହ
−

ଷଽଶ଼ ௘
ష೟
మ ୡ୭ୱ୦൬೟√ఱమ ൰

ଵଵ
+

ସ√ହ ௧య௘
ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

ହ
+                

଺ଶ√ହ௧మ ௘
ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

ଶହ
+ ݁ݐ5√12

ష೟
మ sinh ቀ௧√ହ

ଶ
ቁ−

ଶଶଵଷହଶ√ହ ௘
ష೟
మ ୱ୧୬୦൬೟√ఱమ ൰

ଵଷ଻ହ
     

              
Summing up all the corresponding terms of the approximation, we get the approximate solution as ܵ௡(ݐ)  and ௡ܶ(ݐ)  described 
in(8).  Convergence of the solution is shown in Tables 5 and 6 and is compared with the exact solution on interval[0,1]. Exact 
solution of the system is (ݐ)ݑ = (ݐ)ݒand ݐ = ݐ − 1. Comparison with the exact solution and present method are shown in Fig. 5, 
Fig. 6 and Fig. 7   for (ݐ)ݑ and Fig. 8 for (ݐ)ݒ. From the graphs and tables, one can see that error increases if ݐ increase. 
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 ૜ Exactࡿ ૛ࡿ ࢚
0.0 0.00000000 0.0000000 0.0 
0.1 0.09999885 0.0997596 0.1 
0.2 0.19995744 0.1999298 0.2 
0.3 0.29967114 0.2999947 0.3 
0.4 0.39859589 0.4000902 0.4 
0.5 0.49564854 0.5003321 0.5 
0.6 0.58896705 0.6017174 0.6 
0.7 0.67562691 0.7048037 0.7 
0.8 0.75128131 0.8133759 0.8 
0.9 0.75128131 0.9330060 0.9 
1.0 0.84234542 1.0727650 1.0 

Table 5: Convergence of the sequence ܵ௡(ݐ)  and comparison with exact solution 
 

 ૛ Exactࢀ ࢚
0.0 -1.0000000 -1.0 
0.1 -0.9000000 -0.9 
0.2 -0.8000010 -0.8 
0.3 -0.7000156 -0.7 
0.4 -0.6000881 -0.6 
0.5 -0.5003346 -0.5 
0.6 -0.4010010 -0.4 
0.7 -0.3025329 -0.3 
0.8 -0.2056798 -0.2 
0.9 -0.1116193 -0.1 
1.0 -0.0221173 0.0 

Table 6: Convergence of the sequence ௡ܶ(ݐ)  and comparison with exact solution 
 

V. CONCLUSION 
This work used the Laplace-Adomian Decomposition Algorithm to explore three systems of nonlinear and one system of linear 
Volterra integro-differential equations.  This approach does not choose the initial term at random; rather, it takes it directly from the 
procedure.  The numerical findings demonstrate how quickly LADA converges when compared to alternative techniques.  It just 
takes a small number of iterations, and the outcome is really near to the precise answer.  This approach is simple to apply and may 
be applied to a wide range of general form problems.  Without undergoing any transformations or making any restrictive 
assumptions, this method is applied directly to the system of equations.  A large class of linear and nonlinear initial and boundary 
value problems have analytic solutions that can be found using LADA, which is a highly powerful tool. Maple is used to perform 
the computations. 
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