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Abstract: In this paper, we introduce a new solution of the SIR model under vaccination strategies by using the partitioning
differential transformation method. The corresponding mathematical model is described by nonlinear first order
ordinary differential equations. First, we recall some properties of the differential transformation method and show
the limitation of this method as it is the case for adomian decomposition method and the homotopy perturbation
method. To overcome these limitations, we introduce the partitioning differential transformation method. In order
to measure its efficiency, we compare the results obtained by the differential transformation method to the homotopy
perturbation and adomian decompostion methods. Several numerical tests are performed and compared between
these different methods for different cases of the SIR model under vaccination strategies.
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1. Introduction

Mathematical models are an essential tool for understanding, analyzing and describing results from natural phe-
nomena modeling. One of the important topics studied in the field of mathematical modeling is epidemiology. Be-
cause it can provide very useful results and help public health agencies better manage epidemics.

Kermack [14], a pioneer in epidemiological modeling, proposed a first SIR model describing the spread of an infec-
tious disease following a division of population into three distinct categories: susceptible S, infected I , and recovered
R. This propagation is governed by a system of differential equations which is fed with parameters representing the
intrinsic characteristics of the population/epidemic, such as the rate of infection. More recent studies have developed
mathematical models that take into account specific aspects of distinct epidemics, such as seasonal influences, cross-
immunity, and disease containment measures [24], [22]. For several years, the most common infectious diseases have
been childhood diseases in children under five years of age (such as measles, mumps, influenza, smallpox, rubella,
polio, etc...). Since vaccination is considered to be the most effective strategy against childhood diseases, the devel-
opment of a framework that would predict the optimal vaccine coverage level needed to prevent the spread of these
diseases is crucial. Several mathematical models allow the vaccination study in a certain population. Vaccination
strategies are considered a measure that presents one of the best outcomes in preventing infectious diseases [25]. In
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the case of constant vaccination strategies, there is some recent work on the subject discussed here that we can use as
comparisons in our numerical tests [3] [17].

Mathematical models derived from the modeling of some epidemiological models using differential equations re-
quire efficient methods of solving problems. These methods must take into account the sensitivity of these equations
with respect to the parameters to represent and describe the diseases mathematically. There are a variety of methods,
exact, approximate, and purely numerical are available for such a system. But most of theme are computationally
intensive, trial-and-error or need complicated symbolic computations [1]-[2]. In [11], the classic method as Euler
method, Taylor method and Runge-Kutta methods are used as an introduction to numerical method for solving sys-
tems of differential equations.

In this paper, we apply the partitioning differential transformation method (PDTM) to systems of differential equa-
tions resulting from the modeling of the epidemic. The differential transformation method (DTM) is an alternative
procedure for obtaining an analytic Taylor series solution of differential equations. The main advantage of this method
is that it can be applied directly to nonlinear differential equations without requiring linearization and discretization,
and therefore, it is not affected by errors associated with discretization. The concept of DTM was first introduced by
[21] and by [26], who solved linear and nonlinear problems in electrical circuits. The DTM method can be used to
evaluate the approximating solution by the finite Taylor series and by an iteration procedure described by the trans-
formed equations obtained from the original equation using the operations of differential transformation. The ho-
motopy analysis method (HAM), homotopy perturbation method (HPM), adomian decomposition method (ADM),
variational iterative method (VIM), etc., are some common and classical analytical methods have been presented in
the literature for solving nonlinear problems ( [1], [17], [10]).

As the DTM is based on the Taylor series, then, it is difficult to obtain accurate results in the case of a large domain.
To overcome this difficulty, the partitioning differential transformation method has been introduced and has provided
reliable approximate solutions for many problems. The method is proposed to accelerate the convergence of the
truncated approximation in a large domain as well as to improve the accuracy of the standard DTM.

In this work, we present a model containing two vaccination strategies: a vaccination at birth for a number of the
population that represents a constant vaccination and vaccination pulses in which a certain part of the population is
vaccinated periodically. In the case of constant vaccination, we give a comparison of the PDTM with ADM method,
HPM method and the DTM method, and show the convergence of the method when the others have difficulty ap-
proaching the solution or fail when the interval is large.

The present paper has been organized as following: In Section 2, the governing equations for the SIR model is
presented. In section 3, basic definitions of the differential transformation method are introduced and applied to
SIR model. The partitioning differential transformation are presented. In Section 3. Numerical examples have been
presented and compared to ADM, HPM and HAM in order to illustrate the effectiveness of the proposed method.

2. The governing equations for the SIR model

The SIR model is a standard compartmental model that has been used to describe many epidemiological diseases
[13][15][20]. The way several childhood diseases spread through a population fits into this framework. The model
has a susceptible group designated by S, an infected group I , and a removed group R, denoting vaccinated as well as
recovered people with permanent immunity.

As in [17], this model assumes that the efficacy of the vaccine is 100% and the natural death rates µ in the classes
remain unequal to births, so that the population size N is realistically not constant. Citizens are born into the popu-
lation at a constant birth rate ρ with extremely very low childhood disease mortality rate.

In this section, we presented and analyzed a model that contains two vaccination strategies: a constant vaccination,
wherein a certain parcel of the population that is born is immediately vaccinated; and vaccination in pulses, wherein
a certain parcel of the population is vaccinated periodically. It is proposed the utilization of a function that illustrates
the vaccination in pulses behavior.

In order to use such model, it is necessary to describe some parameters that represent characteristics inherent of
each disease. Thus, ρ, β, µ and γ represents birth rate, average contact rate and natural death rate respectively with
an infected individual recovers at a rate γ.

Considering S(t ) the class of susceptible individuals, I (t ) the class of infected individuals and R(t ) the class of
recovered individuals, the equations that describe the SIR model in this specific vaccination situation are [22]:

dS
d t = (1−V )ρN −β SI

N −µS,
d I
d t =β SI

N − (
γ+µ)

I
dR
d t =V ρN +γI −µR.

(1)

In these cases, groups considered at risk are repeatedly vaccinated until the level of transmission and infection is
reduced or stopped. So, defining ω as the period of the pulses and φ as their phase, the pulse modeling of this kind of
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Fig. 1. Flow chart diagram for the SIR model

vaccination is proposed by the insertion of a function V given by:

V =
{

0 if cos(ωt +φ) ≤ 0
αcos(ωt +φ) if cos(ωt +φ) > 0

(2)

We also have the relationship N = S + I +R and assume α, ρ, β, γ and µ are all positive constant parameters.
Adding the equations in (1), we obtain

d N

d t
= (

ρ−µ)
N , (3)

so that we are now dealing with a varying total population [19]. A summary of the process is drawn in a flow chart
in Fig. 1. The groups can be scaled by population N using the new variables, s = S/N , i = I /N , and r = R/N . The
population is now normalised, meaning s + i + r = 1, and we have the new system,

d s
d t = (1−V )ρ−βsi −µs
di
d t =βsi − (

γ+µ)
i

dr
d t =V ρ+γi −µr

(4)

When the vaccination is constant, more details on qualitative and quantitative analysis can be found in [17] and
[3].

3. The differential transformation Approach

The definitions of the basic one dimensional differential transformation approach are introduced as follows [26],
[2], [12].

3.1. Definition

With reference to the articles, we introduce in this section the basic definition of the differential transformation:
Assume that u(t ) is analytic in the time domain [0,T ], then it will be differentiated continuously with respect to

time t ,

d k u(t )

d t k
=φ(t ,k), for all t ∈ [0,T ] , (5)

where k belongs to the set of non-negative integers, denoted as the K -domain.
For t = ti , φ(t ,k) =φ(ti ,k), therefore, Eq. (5) can be rewritten as

U (k) =φ(t ,k) =
[

d k u(t )

d t k

]
t=ti

, (6)

where U (k) is called the spectrum or the transformer of u(t ) at t = ti in K -domain.
If u(t ) can be expressed by Taylor’s series, then u(t ) can be represented as

u(t ) =
∞∑

k=0

(t − ti )k

k !
U (k). (7)

Eq. (7) is known as the inverse transformation of U (k). Using the symbol “D” denoting the differential transforma-
tion process and combining the previous equations, it is obtained that

u(t ) =
∞∑

k=0

(t − ti )k

k !
U (k) ≡ D−1U (k).
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Using the differential transformation, a differential equation in the domain of interest can be transformed to an al-
gebraic equation in the K -domain and the u(t ) can be obtained by a finite-term of Taylor’s series plus a remainder.
Thus

u(t ) =
n∑

k=0

(t − ti )k

k !
U (k)+Resn+1.

Properties of differential transformation method: If u(t ) and v(t ) are two uncorrelated functions with time t
where U (k) and V (k) are the transformed functions corresponding to u(t ) and v(t ), then we can easily proof the
fundamental mathematics operations performed by differential transformation and are listed as follows :

Origin Function Transformed Function
u(t ) =αv(t )±βw(t ) U (k) =αV (k)±βW (k)

u(t ) = d m v(t )
d t m U (k) = (k+m)!V (k+m)

k !

u(t ) = v(t )w(t ) U (k) =
k∑

l=0
V (l )W (k − l )

u(t ) = t m U (k) = δ(k−m) =
{

1, if k = m,
0, if k 6= m.

u(t ) = exp(t ) U (k) = 1
k !

u(t ) = sin(ωt +ϕ) U (k) = ωk

k ! sin( kπ
2 +ϕ)

u(t ) = cos(ωt +ϕ) U (k) = ωk

k ! cos( kπ
2 +ϕ)

In order to construct an approximate solution of the system described by Eqs.(4), the differential transformation
method is employed. The advantage of this method is that it provides a direct scheme for solving the problem, i.e.,
without the need for linearization, perturbation or any transformation. The new system is as follows:

S(k +1) = 1
k+1

[
ρδ(k−0) −ρV (k)−β

k∑
l=0

S(l )I (k − l )−µS(k)

]
,

I (k +1) = 1
k+1

[
β

k∑
l=0

S(l )I (k − l )− (
γ+µ)

I (k)

]
,

R(k +1) = 1
k+1

[
ρV (k)+γI (k)−µR(k)

]
.

(8)

with

V (k) =
{

0 ifcos( kπ
2 +ϕ) ≤ 0

αωk

k ! cos( kπ
2 +ϕ) if cos( kπ

2 +ϕ) > 0

and where S(0) = S0, I (0) = I0 and R(0) = R0 are given by s0, i0 and r0 respectively.
Then, for k = 0, we have

S1 =
(
1−V (0)

)
ρ−βS0I0 −µS0

I1 =βS0I0 −
(
γ+µ)

I0

R1 =V (0)ρ+γI0 −µR0

(9)

and for k = 1, we have
S2 = (V (0)ρ−βS0I1 −βS1I0 −µS1)/2
I2 = (

βS0I1 +βS1I0 −
(
γ+µ)

I1
)

/2

R2 =
(
V (0)ρ+γI1 −µR1

)
/2

(10)

We can repeat this soon as for all k.
The solution approximation of the system is then given by : for all t ∈ [0,T ],

s(t ) =
n∑

k=0
Sk t k

i (t ) =
n∑

k=0
Ik t k

r (t ) =
n∑

k=0
Rk t k
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3.2. The partitioning differential transformation method

In the previous section, we apply the DTM method to approximate the solution of the system described by Eqs.(4).
Although this method has some disadvantages: the solutions converge in a very small region and a slow convergence
rate (see [18]). To overcome this, we present a partitioning differential transformation method (PDTM) as follow :

Let [0,T ] be the time interval of interest. We want to find the solutions of the initial value problem over the interval.
In the classical DTM, the approximate solution can be obtained by the finite series

y(t ) =
∞∑

k=0
U (k)t k for t ∈ [0,T ] (11)

In the partitioning DTM, the time interval [0,T ] is subdivised into M sub-interval [tm−1, tm], m = 1,2, ..., M . First, the
classical DTM method is applied to nonlinear equations over the interval [0, t1] and hence we obtain

y1(t ) =
∞∑

k=0
Y1(k)t k for t ∈ [0, t1] (12)

The value at t = t1 is used as initial condition for the next time step. The initial condition for the next time step is
written as

ym(tm−1) = ym−1(tm−1) (13)

In general, the value at the last time in the interval is used as initial conditions for the next time step and the solution
is approximated as

ym(t ) =
n∑

k=0
Ym(k)(t − tm−1)k for t ∈ [tm−1, tm] (14)

According to the partitioning DTM method, the approximation of the SIR model Eqs. (4) solution is given by :

X (t ) =



n∑
k=0

X1(k)t k t ∈ [0, t1]

n∑
k=0

X2(k)(t − t1)k t ∈ [t1, t2]

...
...

n∑
k=0

XM (k)(t − tM−1)k t ∈ [tM−1, tM ]

(15)

where X denote S, I or R and S j , I j and R j for j = 1, ..., M , satisfy the following recurrence relations :
S j (k +1) = 1

k+1

[
ρδ(k−0) −ρV −β

k∑
l=0

S j (l )I j (k − l )−µS j (k)

]
,

I j (k +1) = 1
k+1

[
β

k∑
l=0

S j (l )I j (k − l )− (
γ+µ)

I j (k)

]
,

R j (k +1) = 1
k+1

[
V ρ+γI j (k)−µR j (k)

]
.

(16)

With the initial conditions S j (0) = S j−1(0), I j (0) = I j−1(0) and R j (0) = R j−1(0).
Finally, we start with initial conditions S(0) = S0, I (0) = I0 and R(0) = R0, and use the recurrence relation given in

the above system, we can obtained the partitioning differential transformation solution given in (15) by X . Therefore,
to obtain the approximated values of the s(t ), i (t ) and r (t ) at any grid point, we define

χ[ti ,ti+1](t ) =
{

1 if t ∈ [ti , ti+1]
0 otherwise

∀i ∈ {0, ..., M −1} and [0,T ] =
M−1⋃
i=0

[ti , ti+1]

and for all t ∈ [0,T ], we have
s(t ) =∑M−1

j=0 s j (t )χ[t j ,t j+1](t )

i (t ) =∑M−1
j=0 i j (t )χ[t j ,t j+1](t )

r (t ) =∑M−1
j=0 r j (t )χ[t j ,t j+1](t )
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Table 1. Source [17] with time interval [0,10].

Case s0 i0 r0 β γ ρ V Rv Eu

1 1 0 0 0.8 0.03 0.4 0.9 0.18604 E0 stable

2 0.8 0.2 0 0.8 0.03 0.4 0.9 0.18604 E0 stable

3 0.8 0.2 0 0.8 0.03 0.4 0.3 1.30232 Eu stable

4 0.8 0.2 0 0.8 0.03 0.4 0.0 1.86046 Eu stable

4. Numerical results, comparisons and discussion

In this section, in order to monitor the effect of vaccination on the dynamics of a childhood disease described by
the SIR model Eqs.(4) using differential transformation approach, we use the numerical results presented in [17], [3]
for the ADM and HPM methods in the case of a constant vaccination. More specifically, we consider only the most
significant case for our comparison and discuss why the partitioning differential transformation method gives good
results when the others fails.

Now, we consider the effect of vaccination on the dynamics of a childhood disease described by the SIR model
using ADM [17] and HPM [3]. All calculations were performed on a PC equipped with Intel Atom, Quad Core at 1.44
GHz and 2G of RAM using Matlab 2012. For illustration purposes the parameter values in Table 1 are used.

4.1. Numerical comparison case study (case 2)

Since Rv < 1, E0 is stable, Eu is unstable and have disease eradication. The numerical results for DTM, ADM [17]
and HPM [3] are given by the following approximate solutions
for DTM :
s(t ) = 0.8−0.408t +0.0884544t 2 −14.512832×10−3t 3 +0.2261847×10−2t 4

−3.92×10−4t 5 +7.64×10−5t 6 −1.57×10−5t 7 +3.25×10−6t 8

−6.65×10−7t 9 +1.35×10−7t 10.

i (t ) = 0.2+0.42×10−1t −0.158844×10−1t 2 +0.4995676×10−2t 3

−0.1347599×10−2t 4 +0.326651×10−3t 5 −7.37×10−5t 6

+1.59×10−5t 7 −3.31×10−6t 8 +6,79×10−7t 9 −1.38×10−7t 10.

r (t ) = 0+0.366t −0.7257×10−1t 2 +0.9517156×10−2t 3 −0.914248×10−3t 4

+6.51×10−5t 5 −2.70×10−6t 6 −1.61×10−7t 7 +6.76×10−8t 8

−1.41×10−8t 9 +2.60×10−9t 10.
For ADM:
s(t ) = 0.8−0.408t +0.1008t 2 −8.224×10−3t 3 −0.1811776×10−2t 4

+0.2838500158×10−3t 5 −0.4866281149×10−4t 6 −0.1973168518×10−5t 7

+0.1567280763×10−7t 8 +0.4557699387×10−9t 9 −0.1747626667×10−11t 10.

i (t ) = 0.2+0.42×10−1t −0.2823×10−1t 2 −0.11697×10−2t 3 +0.2759918751×10−2t 4

−0.3762609484×10−3t 5 +0.4741940899×10−4t 6 +0.199013997×10−5t 7

−0.1540349563×10−7t 8 −0.4575903832×10−9t 9 +0.1747626667×10−11t 10.

r (t ) = 0+0.366t −0.7257×10−1t 2 +0.93937×10−2t 3 −0.94814275×10−3t 4

+0.9241093251×10−4t 5 +0.4445486401×10−5t 6 −0.1697145904×10−7t 7

−0.269312×10−9t 8 +0.182044444×10−11t 9.
For HPM:
s(t ) = 0.8−0.408t +0.1008t 2 −8.224×10−3t 3 −0.1812×10−2t 4 +0.2839×10−3t 5

−0.487×10−4t 6 −0.197×10−5t 7 +0.1567×10−7t 8 +0.456×10−9t 9

−0.175×10−11t 10.

i (t ) = 0.2+0.042t −0.02823t 2 −0.117×10−2t 3 +0.276×10−2t 4 −0.376×10−3t 5

+0.474×10−4t 6 +0.199×10−5t 7 −0.154×10−7t 8 −0.457×10−9t 9

+0.175×10−11t 10.

r (t ) = 0+0.366t −0.07257t 2 +0.9394×10−2t 3 −0.948×10−3t 4 +0.924×10−4t 5

+0.445×10−5t 6 −0.1697×10−7t 7 −0.269×10−9t 8 +0.182×10−11t 9.

Remark 4.1.
All of these method are local convergent, and when the time interval is large these methods do not give the good



Atika RADID, Subhash Kendre / Int. J. Adv. Appl. Math. and Mech. 7(1) (2019) 9 – 19 15

results. Using the previous approximation solutions for DTM, ADM and HPM in the time interval [0,10], we remark
that is difficult to obtain accurate results in the case of a large domain and fails when there are implemented in Matlab.

To overcome this difficulty, we introduce the partitioning differential transformation method and provide reliable
approximate solutions for many cases. The method is proposed to accelerate the convergence of the truncated ap-
proximation in a large domain as well as to improve the accuracy of the standard DTM. We investigate the approxima-
tion solution in the interval [0,10] that is divided into 5 subintervals : [0,10] = [0,2]

⋃
[2,4]

⋃
[4,6]

⋃
[6,8]

⋃
[8,10], and

the graphical approximations are illustrated in the Figs. 2 - 5.

4.2. Case 1:

Since Rv < 1, E0 is stable, Eu is unstable and have disease eradication. The approximation solution can be derived
from Table 2 and Table 3:

Table 2. A sequence of S j , j = 1, ··,4 and k = 1,2, · · · for case 1.

k S0 S1 S2 S3 S4 · · ·
1 -0,36 -0,161757052 -0,072681511 -0,032657631 -0,014673895 · · ·
2 0,072 0,03235141 0,014536302 0,006531526 0,002934779 · · ·
3 -0,0096 -0,004313521 -0,001938174 -0,00087087 -0,000391304 · · ·
4 0,00096 0,000431352 0,000193817 8,71E-05 3,91E-05 · · ·
5 -7,68E-05 -3,45E-05 -1,55E-05 -6,97E-06 -3,13E-06 · · ·
6 5,12E-06 2,30E-06 1,03E-06 4,64E-07 2,09E-07 · · ·
7 -2,93E-07 -1,31E-07 -5,91E-08 -2,65E-08 -1,19E-08 · · ·
...

...
...

...
...

...
...

∀t ∈ [0,10], ∀ j = 0,1,2,3,4, we have i (t ) = 0.

Table 3. A sequence of R j , j = 1, ··,4 and k = 1,2, ... for case 1.

k R0 R1 R2 R3 R4 · · ·
1 0,36 0,161757052 0,072681511 0,032657631 0,014673895 · · ·
2 -0,072 -0,03235141 -0,014536302 -0,006531526 -0,002934779 · · ·
3 0,0096 0,004313521 0,001938174 0,00087087 0,000391304 · · ·
4 -0,00096 -0,000431352 -0,000193817 -8,71E-05 -3,91E-05 · · ·
5 7,68E-05 3,45E-05 1,55E-05 6,97E-06 3,13E-06 · · ·
6 -5,12E-06 -2,30E-06 -1,03E-06 -4,64E-07 -2,09E-07 · · ·
7 2,93E-07 1,31E-07 5,91E-08 2,65E-08 1,19E-08
...

...
...

...
...

...
...

and the corresponding Fig. 2 shows the impact of high vaccination coverage on the disease free initial population
groups :
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Fig. 2. Population fraction versus time for Case 1

4.3. Case 2:

Since Rv < 1, E0 is stable, Eu is unstable and have disease eradication.
The approximation solution can be derived from Tables 4-6 :

Table 4. A sequence of S j , j = 1, ...,4 and k = 1,2, ... for case 2.

k S0 S1 S2 S3 S4 · · ·
1 -0,408 -0,108281343 -0,011145863 0,002607376 0,003873484 · · ·
2 0,0884544 0,019184391 0,001953864 -0,000486269 -0,000748381 · · ·
3 -0,014512832 -0,001840277 -0,000188062 5,54E-05 9,26E-05 · · ·
4 0,002261847 4,52E-05 6,70E-06 -3,93E-06 -8,01E-06 · · ·
5 -3,92E-04 1,75E-05 9,76E-07 1,04E-07 4,71E-07 · · ·
6 7,64E-05 -3,81E-06 -2,11E-07 1,51E-08 -1,24E-08 · · ·
7 -1,57E-05 4,86E-07 2,23E-08 -2,74E-09 -1,06E-09 · · ·
...

...
...

...
...

...
...

Table 5. A sequence of I j , j = 1, ·,4 and k = 1,2, · · · for case 2.

k I0 I1 I2 I3 I4 · · ·
1 0,042 -0,057070706 -0,061751202 -0,033756802 -0,016984902 · · ·
2 -0,0158844 0,014742079 0,013551817 0,007222506 0,003625438 · · ·
3 0,004995676 -0,002830674 -0,00201488 -1,03E-03 -5,13E-04 · · ·
4 -0,001347599 4,43E-04 2,29E-04 1,09E-04 5,38E-05 · · ·
5 3,27E-04 -5,92E-05 -2,12E-05 -9,13E-06 -4,46E-06 · · ·
6 -7,37E-05 6,88E-06 1,66E-06 6,33E-07 3,01E-07 · · ·
7 1,59E-05 -6,91E-07 -1,13E-07 -3,70E-08 -1,67E-08 · · ·
...

...
...

...
...

...
...
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Table 6. A sequence of R j , j = 1, ··,4 and k = 1,2, · · · for case 2.

k R0 R1 R2 R3 R4 · · ·
1 0,366 0,165352049 0,072897064 0,031149426 0,013111418 · · ·
2 -0,07257 -0,03392647 -0,015505681 -0,006736237 -0,002877057 · · ·
3 0,009517156 0,00467095 0,002202942 9,70E-04 4,20E-04 · · ·
4 -0,000914248 -4,88E-04 -2,35E-04 -1,05E-04 -4,58E-05 · · ·
5 6,51E-05 4,17E-05 2,02E-05 9,03E-06 3,99E-06 · · ·
6 -2,70E-06 -3,08E-06 -1,45E-06 -6,48E-07 -2,88E-07 · · ·
7 -1,61E-07 2,05E-07 9,02E-08 3,97E-08 1,78E-08 · · ·
...

...
...

...
...

...
...

And the corresponding Fig. 3 illustrates the impact of high vaccination coverage on the initial population groups
with low level of infective group :
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Fig. 3. Population fraction versus time for Case 2

4.4. Case 3:

Since Rv > 1, , E0 is stable, Eu is stable and we don’t have disease eradication. Case 3 is represented in Fig. 4 and
illustrates the effect of low vaccination coverage on the initial population groups with low levels of infective group :
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Fig. 4. Population fraction versus time for Case 3
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4.5. Case 4:

Since Rv > 1, E0 is stable, Eu is stable and we don’t have disease eradication. Case 4 is shown in Fig. 5 and illustrates
the impact of initial low levels of infective group on the vaccination free population :
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Fig. 5. Population fraction versus time for Case 4

5. Conclusion

In this paper, a three-compartmental deterministic mathematical model for the transmission dynamics of a child-
hood disease under vaccination strategies, was qualitatively and quantitatively studied. The analytical approxima-
tions to the solutions are reliable, and confirm the power and ability of the partitioning DTM methods as an easy
device for computing the solution of a non-linear system of differential equations. The merit of this method is that it
is more efficient than the basic differential transformation, adomian decomposition or homotopy methods when sys-
tem of differential equations are solved in large interval. The advantage of using these method is clearly demonstrated
by the different numerical cases. The obtained results show that the convergence to the accurate approximation is as-
sured by the partitioning differential transformation method for the SIR epidemic problems.
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