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Abstract

Gestational Diabetes Mellitus is a form of diabetes which affects
pregnant women. The hormones produced during pregnancy reduce a
woman’s receptivity to insulin, leading to high blood sugar levels. In
this paper we consider the damages of two vital organs of the gestational
diabetic person. The dysfunctioning of those organs may cause death
to the person. In model1, the organ1 is exposed to cumulative damage
process and the failure distribution of the organ 2 has SCBZ property.
In model2, the damages of the organ1 occur in accordance with modified
Erlang process and the organ2 has SCBZ failure property. Considering
treatment to all the damages of the two organs of a diabetic person,
in this paper we present the expected time to treatment and treatment
time of the organs, with numerical example.

Mathematics Subject Classifications: 62N05

Keywords: Gestational diabetes mellitus, cardio vascular disease, diabetic
nephropathy, dysfunction, scbz

1 INTRODUCTION

Gestational Diabetes Mellitus is a temporary condition that occurs during
pregnancy. Hormones involved in development of placenta, which helps the
baby to develop also blocks, the action of the mother’s insulin in her body.
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This problem is called insulin resistance. During pregnancy a mother may need
up to three times more insulin for glucose to leave the blood and transform
to energy. When the body is not able to use insulin due to insulin resistance,
it develops into Gestational Diabetes Mellitus. Gestational Diabetes Mellitus
involves an increased risk of diabetes for both mother and child. Usually blood
glucose is normalized after the delivery.

Cardio vascular disease is cause of death of persons with diabetes. Diabetic
nephropathy can cause renal failure. Diabetes is the largest cause of kidney
failure and is responsible for huge dialysis costs. For more details on such
deficiency and disease one may refer [1, 2, 5, 6, 7, 12]. Using the mathematical
approach given in [2, 4, 8, 9, 10, 11, 13, 14] we study the case of a diabetic person.

In this paper we consider two organs of a gestational diabetic person which
are exposed to damage process. The two organs are comparable with either
pancreas, heart, kidney or legs. General models with two organs failure of a
Gestational diabetic person discussed here are the following:
Model 1: The organ 1 is exposed to cumulative damage process(cdp) and the
damage process of the organ 2 has an SCBZ property.
Model 2: The damages of the organ 1 occur in accordance with Modified
Erlang process and the organ 2 has SCBZ failure property.
In these above two models we apply a new concept which has been introduced
as Setting the Clock Back to Zero(SCBZ) by Raja Rao [10] and studied by
Murthy.S and Ramanarayanan.R [9] for damage process. The damage rate
changes after an exponential time from one rate to another and becomes the
normal one after baby is born because gestational diabetes mellitus is a tem-
porary condition that occurs during pregnancy and goes away after the baby
is born.

The time to hospitalize the person (T ) is T=min {T1, T2} where T1 and T2
are the times that the damages occur to the organ 1 and organ2 respectively.
Assuming that the treatment time (Â) of a damage is independent of the
damage magnitude we provide results for model 1 in section2 and model 2
in section 3. Joint Laplace Stieltjes transform of time to hospitalization and
treatment time distributions are obtained for the models. Numerical examples
are presented for various cases.

2 Gestational Diabetic Model 1

In this section we consider the case when the organ 1 is exposed to cdp and
the organ2 has SCBZ dysfunctioning property. When the person is hospital-
ized because of the reduced functional capacity of the organs, the treatment
begins immediately.

Assumptions
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1. Gestational Diabetes Mellitus is the glucose intolerance status during
pregnancy, irrespective of the treatment with diet or insulin. Consider
any two vital organs such as heart, kidneys, pancreas, liver, legs etc of
the human body of the gestational diabetic person.

2. Assume that the damages occur to the organ1 in accordance with a
renewal process with inter occurrence time distribution (say) F (x) such

that

∫ ∞
0

xdF (x) <∞.

3. The organ1 is dysfunctioning(i.e.damages occurred ) if it has N, (the
random number) damages. It can function with k damages with prob-
ability Pk = P (N > k) for k = 0, 1, 2, ... and {Pk} is assumed to
be any decreasing sequence of numbers in the unit interval, such that
∞∑
k=0

Pk <∞, P0 = 1.

LetP (N = k)= pk = Pk−1 − Pk, be the probability that the organ 1’s
functional capacity is decreased on kthdamage and the generating func-
tion be Φ(s), 0 ≤s≤ 1. Let T1 be the time at which the N th damage
occurs requiring immediate hospitalization.

4. The organ 2 is exposed to dysfunctioning process with SCBZ property.
At time 0, due to pregnancy, the damage rate of the organ 2 is λ1(higher
rate) and after the delivery of the child or due to medication and other
treatment it becomes λ2(normal rate). The change in rate from λ1 to λ2
occurs in an exponential time with parameter c.
Let T2 be the time at which the functional capacity of the organ 2 be
decreased and the person requires immediate hospitalization.
Let the probability density function of T2 be h(y). Considering the trun-
cation point T0 in which the parameter changes, we note

h(y) =

{
λ1e

−λ1y if y ≤ T0
λ2e

−λ2yeT0(λ2−λ1) if y > T0.

Noting the truncation point T0 itself is a random variable with pdf ce−cT0 ,
we find

h(y) = λ1e
−λ1yecy + λ2e

−λ2y
∫ y

0

eT0(λ2−λ1)ce−cT0dT0 ,

which reduces to

h(y) =
(λ1 − λ2)(c+ λ1)

(c+ λ1 − λ2)
e−y(λ1+c) +

cλ2e
−λ2y

(c+ λ1 − λ2)
with distribution function

H(y) = 1− pe−y(λ1+c) − qe−λ2y (1)

where p = (λ1−λ2)
(c+λ1−λ2) and q = c

(c+λ1−λ2) . Also we note that p+ q = 1.
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5. The person is hospitalized if either of the organs 1 or 2 is in damaged
state. The damaged parts of organs are all curable by taking medicine
and treatment.

6. The treatment time of the ith damage of the organ 1 is Ri and Ri’s are
independent and identically distributed random variables with distribu-
tion function R(y). The treatment time of the organ 2 is assumed to be
R independent of other Ri’s with distribution function R(y) such that∫ ∞

0

ydR(y) <∞.

All the treatments are given one by one.

Analysis

Based on the assumptions above we note that the hospital treatment starts
at time T = min {T1, T2}. The curing time Â is given by Â = R1 +R2 + ...+
Ri where i the number of damages occurred during T . When the person is
hospitalized only due to the dysfunctioning of organ 1, Â = R1 +R2 + ...+RN .
On the other hand if the person is hospitalized due to damages occurred in
the organ 2, we have to give treatment to organ2 also along with the n(< N)

damages occurred to organ1 during the curing time and Â = R1+R2+...+Rn+1.
Using the above facts, we find the joint distribution function of T and R is

P (T < x, Â < y) = P (T1 ≤ x, Â ≤ y) + P (T2 ≤ x, Â ≤ y)

and simplified as

P (T ≤ x, Â ≤ y) =
∞∑
n=1

pnR
∗n(y)

∫ x

0

(1−H(z))dF ∗n(z)

+
∞∑
n=0

PnR
∗(n+1)(y)

×
∫ x

0

h(z)[F ∗n(z)− F ∗(n+1)(z)]dz, (2)

where R∗n(y) and F ∗n(y) are n-fold convolutions of R(y) and F (y) respec-
tively. F ∗0(y) is defined as,

F ∗0(y) =

{
1 for y ≥ 0

0 otherwise.
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Substituting the values of H(.) and h(.) in (2), we get

P (T ≤ x, Â ≤ y) =
∞∑
n=1

pnR
∗n(y)

∫ x

0

(pe−z(λ1+c) + qe−λ2z)dF ∗n(z)

+
∞∑
n=0

PnR
∗(n+1)(y)

×
∫ x

0

[p(c+ λ1)e
−z(λ1+c) + qλ2e

−λ2z]

×[F ∗n(z)− F ∗(n+1)(z)]dz (3)

The term under the first summation of (3) is the joint probability that the
person is hospitalized only due to damage occurs to organ 1 during (0, x) and∑n

i=1Ri ≤ y and the terms in the second summation is the joint probability
that the person is hospitalized only due to damage occurs during (0, x) in the
organ2, the organ1 is functioning even if it has n damages occurred to it and∑n+1

i=1 Ri ≤ y.
From (3) we get the Laplace-Stieltjes transform of the joint distribution of T

and Â is given by

E(e−ξT e−ηÂ) =

∫ ∞
0

∫ ∞
0

e−ξxe−ηy

×
∞∑
n=1

pn(pe−x(λ1+c) + qe−λ2x)dR∗n(y)dF ∗n(x)

+

∫ ∞
0

∫ ∞
0

e−ξxe−ηy

×
∞∑
n=0

Pn
[
p(c+ λ1)e

−x(λ1+c) + qλ2e
−λ2x

]
× [F ∗n(x)− F ∗n+1(x)]dR∗n+1(y)dx

=
∞∑
n=1

pn[R↑(η)]n
{
p[F ↑(λ1 + ξ + c)]n + q[F ↑(λ2 + ξ)]n

}
+
∞∑
n=0

Pn[R↑(η)]n+1

[
p(c+ λ1)

(λ1 + ξ + c)
[1− F ↑(λ1 + ξ + c)][F ↑(λ1 + ξ + c)]n

+
qλ2
λ2 + ξ

[
1− F ↑(λ2 + ξ)

] [
F ↑(λ2 + ξ)

]n]
,

where ↑ denotes Laplace-Stieltjes transform. Using the fact that Pi = 1 −
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∑i
j=1 pj, we find

E(e−ξT e−ηÂ) = pΦ[R↑(η)F ↑(λ1 + ξ + c)] + qΦ[R↑(η)F ↑(λ2 + ξ)]

+

{
p(λ1 + c)R↑(η)[1− F ↑(λ1 + ξ + c)]

(λ1 + ξ + c)[1−R↑(η)F ↑(λ1 + ξ + c)]

}
×
{

1− Φ[R↑(η)F ↑(λ1 + ξ + c)]
}

+

{
qλ2R

↑(η)[1− F ↑(λ2 + ξ)]

(λ2 + ξ)[1−R↑(η)F ↑(λ2 + ξ)]

}
×
{

1− Φ[R↑(η)F ↑(λ2 + ξ)]
}
. (4)

The dependence of ill time on the corresponding time to the person is hospi-
talized can be seen easily.
Equation (4) for η = 0 and ξ = 0 gives respectively

E(e−ξT ) =
pξ

(λ1 + ξ + c)
Φ[F ↑(λ1 + ξ + c)]

+
qξΦ[F ↑(λ2 + ξ)]

(λ2 + ξ)

+
p(λ1 + c)

(λ1 + ξ + c)
+

qλ2
(λ2 + ξ)

(5)

and

E(e−ηÂ) =
p

(1−R↑(η)F ↑(λ1 + c))

×
{

Φ[R↑(η)F ↑(λ1 + c)](1−R↑(η)) +R↑(η)[1− F ↑(λ1 + c)]
}

+
q

(1−R↑(η)F ↑(λ2)){
Φ[R↑(η)F ↑(λ2)](1−R↑(η)) +R↑(η)[1− F ↑(λ2)]

}
. (6)

From (5) and (6) we obtain by differentiation

E(T ) =
p

λ1 + c
(1− Φ[F ↑(λ1 + c)]) +

q

λ2
(1− Φ[F ↑(λ2)]). (7)

E(Â) = pE(R)
(1− Φ[F ↑(λ1 + c)])

(1− [F ↑(λ1 + c)])
+ qE(R)

(1− Φ[F ↑(λ2)])

(1− [F ↑(λ2)])
. (8)

where ′ denotes differentiation.

Numerical Example:
We consider a special case for numerical results with in which the organ 1

has constant failure rate θ.
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Case:(i)

For pk =
1

2k
and F ↑(λ1 + c) =

θ

θ + λ1 + c
, we get

φ(F ↑(λ1 + c)) =
θ

θ + 2λ1 + 2c
.

And if F ↑(λ2) =
θ

θ + λ2
, we get

φ(F ↑(λ2)) =
θ

θ + 2λ2
.

Using these values now we find E(T ) and E(Â).

E(T ) = (
2

c+ λ1 − λ2
)(

λ1 − λ2
θ + 2λ1 + 2c

+
c

θ + 2λ2
) and

E(Â) =
2E(R)

c+ λ1 − λ2

{
(λ1 − λ2)(θ + λ1 + c)

θ + 2λ1 + 2c
+
c(θ + λ2)

θ + 2λ2

}
.

Now we calculate the expected time to damage of the organs and time to cure
by using the graph.

λ1=0.1,λ2=0.1,c=1,E(R)=1

θ E(T ) E(Â)
1 1.6667 1.8333
2 0.9091 1.9091
3 0.6250 1.9375
4 0.4762 1.9524
5 0.3846 1.9615
6 0.3226 1.9677
7 0.2778 1.9722
8 0.2439 1.9756
9 0.2174 1.9783
10 0.1961 1.9804

λ1=0.1,λ2=0.2,c=2,E(R)=4

θ E(T ) E(Â)
1 1.4835 6.6970
2 0.8602 7.4409
3 0.6046 7.6275
4 0.4656 7.7251
5 0.3784 7.7842
6 0.3186 7.8235
7 0.2751 7.8514
8 0.2420 7.8720
9 0.2160 7.8878
10 0.1950 7.9003

Table 1.1 Table 1.2

Figure 1.1 Figure 1.2
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Case:(ii)

For pk =
2

3k
and F ↑(λ1 + c) =

θ

θ + λ1 + c
, we get

φ(F ↑(λ1 + c)) =
2θ

2θ + 3(λ1 + c)
.

And if F ↑(λ2) =
θ

θ + λ2
, we get φ(F ↑(λ2)) =

2θ

2θ + 3λ2
.

Using these values now we find E(T ) and E(Â).

E(T ) = (
3

c+ λ1 − λ2
)(

λ1 − λ2
2θ + 3(λ1 + c)

+
c

2θ + 3λ2
) and

E(Â) =
3E(R)

c+ λ1 − λ2

{
(λ1 − λ2)(θ + λ1 + c)

2θ + 3(λ1 + c)
+
c(θ + λ2)

2θ + 3λ2

}
.

Now we calculate the expected time to damage of the organs and time to cure
by using the graph.

λ1=0.1,λ2=0.1,c=2,E(R)=2

θ E(T ) E(Â)
1 1.3043 2.8696
2 0.6977 2.9302
3 0.4762 2.9524
4 0.3614 2.9636
5 0.2913 2.9709
6 0.2439 2.9756
7 0.2098 2.9790
8 0.1840 2.9816
9 0.1639 2.9836
10 0.1478 2.9852

λ1=0.2, λ2=0.2,c=2,E(R)=4

θ E(T ) E(Â)
1 1.1538 5.5385
2 0.6522 5.7391
3 0.4545 5.8182
4 0.3488 5.8605
5 0.2830 5.8868
6 0.2381 5.9048
7 0.2055 5.9178
8 0.1807 5.9277
9 0.1613 5.9355
10 0.1456 5.9417

Table 1.3 Table 1.4

Figure 1.3 Figure 1.4
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Case:(iii)

For pk =
3

4k
and F ↑(λ1 + c) =

θ

θ + λ1 + c
, we get

φ(F ↑(λ1 + c)) =
3θ

3θ + 4(λ1 + c)
.

And if F ↑(λ2) =
θ

θ + λ2
, we get φ(F ↑(λ2)) =

3θ

3θ + 4λ2
. Using these values now

we find E(T ) and E(Â).

E(T ) = (
4

c+ λ1 − λ2
)(

λ1 − λ2
3θ + 4(λ1 + c)

+
c

3θ + 4λ2
)and

E(Â) =
4E(R)

c+ λ1 − λ2

{
(λ1 − λ2)(θ + λ1 + c)

3θ + 4(λ1 + c)
+
c(θ + λ2)

3θ + 4λ2

}
Now we calculate the expected time to damage of the organs and time to cure
by using the graph.

λ1=0.2,λ2=0.1,c=4,E(R) = 2

θ E(T ) E(Â)
1 1.1527 2.5764
2 0.6140 2.6140
3 0.4189 2.6284
4 0.3181 2.6362
5 0.2565 2.6412
6 0.2149 2.6447
7 0.1849 2.6473
8 0.1623 2.6493
9 0.1447 2.6509
10 0.1305 2.6523

λ1=0.1, λ2=0.2,c=2,E(R)=4

θ E(T ) E(Â)
1 1.0896 5.0896
2 0.6046 5.2092
3 0.4175 5.2526
4 0.3186 5.2745
5 0.2575 5.2875
6 0.2160 5.2959
7 0.1860 5.3019
8 0.1633 5.3063
9 0.1455 5.3096
10 0.1312 5.3122

Table 1.5 Table 1.6

Figure 1.5 Figure 1.6
From the tables (1.1) to (1.6) we observe the behavior of mean time to dam-

ages E(T ) and mean time to curing E(Â) for fixed values of pk, λ1,λ2,c, and

E(R).When the parameter θ increases E(T ) decreases and E(Â) increases in
(1.1) to (1.6).
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3 Model 2

This section treats the case when the organ 1 has functioning time given by
Modified Erlang distribution and the organ 2 has SCBZ dysfunctioning prop-
erty.

Assumptions

1. The organ 1 is given at the most k observation times each with exponen-
tial distribution with parameter λ before hospitalization. On completion
of the first exponential observation time, the person is hospitalized with
probability α or the second observation starts with probability β, where
α+β = 1. The process is repeated up to i observations for 1 ≤ i ≤ k−1.
On completion of kth observation the person is hospitalized with proba-
bility one.
Let T1 be the time to hospitalization due to organ 1 where T1 =

∑i
j=1Xj

with probability αβi−1 for 1 ≤ i ≤ k−1 or T1 =
∑k

j=1Xj with probability

βk−1.

2. Organ 2 is exposed to dysfunctioning process with SCBZ property as
given in model1.

3. The person is hospitalized if either of the organs 1 or 2 requires treatment
and the damages are curable by taking medicine and treatment.

4. When the hospitalization is due to the dysfunctioning of organ 1, the
treatment is given for each observation i for random time Ri, 1 ≤ i ≤ k
for organ 1. When the hospitalization is due to the dysfunctioning of
organ 2, the treatment is given for organ 2 and organ1 is also given
treatments for the number of observations completed. All the treatment
times are independent and identically distributed with distribution func-
tion R(y) such that

∫ y
0
ydR(y) <∞ and the treatments are given one by

one.

Analysis
Identifying the exponential phase time of the modified Erlangian we may find
the pdf of the given time T1 to hospitalization due to organ1 is given by

fT1(x) = αe−λxλ

k−2∑
i=0

(λx)i

i!
βi + βk−1λ

(λx)(k−1)

(k − 1)!
e−λx.

Proceeding as in model 1 we may obtain the pdf of T and Â where T is the time
to send the person to hospital and Â the time to complete treatment where
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T=min {T1, T2} and Â =
∑i

j=1Rj when hospitalization is due to organ1 for

1 ≤ i ≤ k or Â =
∑i

j=0Rj +R when the hospitalization is due to organ2 and

i observations are completed for organ 1. The pdf of T and Â is given below
and considering that the hospitalization is due to organ1 to write the first term
and is due to organ 2 to write second term. We get the pdf of T and Â as

∂2

∂x∂y
P (T ≤ x, Â ≤ y) = H(x)

[
λe−λxαr∗(y)

+
λ(λx)

1!
e−λxαβr∗2(y) +

λ(λx)2

2!
e−λxαβ2r∗3(y)

+
λ(λx)3

3!
e−λxαβ3r∗4(y) + · · ·

+
λ(λx)k−2

(k − 2)!
e−λxαβk−2r∗(k−1)(y)

+
λ(λx)k−1

(k − 1)!
e−λxβk−1r∗k(y)

]
+h(x)

k−1∑
i=0

e−λx
(λx)i

i!
βir∗(i+1)(y). (9)

where H(x) and h(x) are given by (1) and H̄(x) = 1−H(x). Using H(.) and
h(.), we find

∂2

∂x∂y
P (T ≤ x, Â ≤ y) =

[
pe−x(λ1+c) + qe−xλ2

]
×

k−2∑
i=0

αe−λx
λ(λx)i

i!
βir∗(i+1)(y)

+
[
pe−x(λ1+c) + qe−xλ2

]
×e−λxλ(λx)k−1

(k − 1)!
βk−1r∗k(y)

+
[
p(c+ λ1)e

−x(λ1+c) + qλ2e
−xλ2

]
×

k−1∑
i=0

e−λx
(λx)i

i!
βir∗(i+1)(y). (10)
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Eqn.(10) can easily be simplified by taking double Laplace transform.

E(e−ξT e−ηÂ) =

(
pr∗(η)

(λ+ ξ + λ1 + c− λβr∗(η))

)
×

[
(c+ λ1 + αλ− λα

(
λβr∗(η)

λ+ ξ + λ1 + c

)k−1
−(c+ λ1)

(
λβr∗(η)

λ+ ξ + c+ λ1

)k]

+pβk−1
(

λr∗(η)

λ+ ξ + λ1 + c

)k
+

(
qr∗(η)

(λ+ ξ + λ2 − λβr∗(η))

)
×

[
αλ+ λ2 − λα

(
λβr∗(η)

λ+ ξ + λ2

)k−1
−λ2

(
λβr∗(η)

λ+ ξ + λ2

)k]

+qβk−1
(

λr∗(η)

λ+ ξ + λ2

)k
. (11)

Equation (11) for η=0 and ξ=0 gives respectively,

E(e−ξT ) =

pαλ

[
1−

(
λβ

λ+ξ+λ1+c

)k−1]
(ξ + c+ λ1 + λα)

+

qαλ

[
1−

(
λβ

λ+ξ+λ2

)k−1]
(ξ + λ2 + λα)

+pβk−1
(

λ

λ+ ξ + λ1 + c

)k
+ qβk−1

(
λ

λ+ ξ + λ2

)k

+

p(c+ λ1)

[
1−

(
λβ

λ+ξ+λ1+c

)k]
(ξ + c+ λ1 + λα)

+

qλ2

[
1−

(
λβ

λ+ξ+λ2

)k]
(ξ + λ2 + λα)

(12)
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and

E(e−ηÂ) =

(
pr∗(η)

λ+ λ1 + c− λβr∗(η)

)
×

[
c+ λ1 + αλ− αλ

(
λβr∗(η)

λ+ λ1 + c

)k−1
−(c+ λ1)

(
λβr∗(η)

λ+ c+ λ1

)k]
+ pβk−1

(
λr∗(η)

λ1 + λ+ c

)k
+

(
qr∗(η)

λ+ λ2 − λβr∗(η)

)
×

[
λ2 + αλ− αλ

(
λβr∗(η)

λ+ λ2

)k−1
−λ2

(
λβr∗(η)

λ+ λ2

)k]
+ qβk−1

(
λr∗(η)

λ2 + λ

)k
. (13)

From (12) and (13) we obtain by differentiation,

E(T ) =
p

λ1 + c+ λα

[
1−

(
λβ

λ+ λ1 + c

)k]

+
q

λ2 + λα

[
1−

(
λβ

λ+ λ2

)k]
(14)

and

E(Â) = E(R)

{
1 +

pβλ

λ1 + c+ λα

[
1−

(
λβ

λ1 + c+ λ

)k−1]

+
qβλ

λ2 + λα

[
1−

(
λβ

λ2 + λ

)k−1]}
, (15)

where p =
(λ1 − λ2)

(c+ λ1 − λ2)
and q =

c

(c+ λ1 − λ2)
.

Numerical Example:
Now we calculate the expected time to damage of the organs and time to

cure by using the graph.

For giving different values to the parameters in E(T ) and E(Â) we get,
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λ1=0.02,λ2=0.01,c=0.01,
λ=0.1,

β=0.01,k=2,E(R) =2

α E(T) E(Â)
1 75.1498 2.4668
2 75.3496 2.7948
3 75.5494 3.1228
4 75.7492 3.4508
5 75.9490 3.7788
6 76.1488 4.1068
7 76.3486 4.4348
8 76.5484 4.7628
9 76.7482 5.0908
10 76.9480 5.4188

λ1=0.05,λ2=0.01,c=0.01,
λ=0.2,

β=0.04,k=2,E(R) =8

α E(T) E(Â)
1 36.1974 9.7035
2 36.5949 10.7115
3 36.9924 11.7195
4 37.3899 12.7275
5 37.7874 13.7355
6 38.1849 14.7435
7 38.5824 15.7515
8 38.9799 16.7595
9 39.3774 17.7675
10 39.7749 18.7755

Table 2.1 Table 2.2

Figure 2.1 Figure 2.2

λ1=0.04,λ2=0.01,c=0.01,
λ=0.2,

β=0.02,k=2,E(R) =3

α E(T) E(Â)
1 44.0444 3.9500
2 44.4433 4.6039
3 44.8421 5.2580
4 45.2409 5.9119
5 45.6398 6.5660
6 46.0386 7.2199
7 46.4375 7.8740
8 46.8363 8.5280
9 47.2351 9.1820
10 47.6340 9.8360

λ1=0.4,λ2=0.2,c=0.4,
α=0.2, β=0.004,
k=1.02,E(R) =2

λ E(T) E(Â)
1 3.1210 1.9915
2 3.3214 1.9590
3 3.5218 1.9206
4 3.7222 1.8779
5 3.9225 1.8316
6 4.1229 1.7824
7 4.3233 1.7306
8 4.5237 1.6766
9 4.7241 1.6206
10 4.9244 1.5628

Table 2.3 Table 2.4
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Figure 2.3 Figure 2.4

λ1=0.03,λ2=0.2,c=0.4,
α=0.2, β=0.001,
k=0.01,E(R) =2

λ E(T) E(Â)
1 3.7511 1.9959
2 3.9719 1.9801
3 4.1926 1.9617
4 4.4133 1.9412
5 4.6341 1.9190
6 4.8548 1.8954
7 5.0755 1.8707
8 5.2963 1.8448
9 5.5170 1.8181
10 5.7378 1.7905

λ1=0.2,λ2=0.1,c=0.4,
α=0.2,β=0.004,
k=1.02,E(R) =5

λ E(T) E(Â)
1 8.0282 4.9778
2 8.2888 4.8930
3 8.5493 4.7927
4 8.8098 4.6807
5 9.0704 4.5593
6 9.3309 4.4301
7 9.5914 4.2943
8 9.8520 4.1526
9 10.1125 4.0056
10 10.3730 3.8539

Table 2.5 Table 2.6

Figure 2.5 Figure 2.6

From the tables (2.1) to (2.6) we observe the behavior of mean time to

damages E(T ) and mean time to curing E(Â) for fixed values of λ1, λ2, c, β,
k and E(R). When the parameter α increases, the values of both E(T ) and

E(Â) increase in (2.1) to (2.3), and when the parameter λ increases, the values

of E(T ) increases and E(Â) decreases in (2.4) to (2.6).
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