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Abstract

In this study, we consider an holographic dark energy and dark matter inter-
acting model in the Bianchi Type-V universe with a stretched exponential scale
factor. We obtain the Hubble, shear, deceleration, and equation of state param-
eters based on the presented model and give the numerical solutions. We show
that the anisotropy in the early universe plays an important role in the time
evolution of the universe. Furthermore, we show that an interacting anisotropic
model with stretched exponential scale factors can explain all epochs of the
universe.
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1. Introduction

Recently, the dark energy (DE) and also holographic dark energy (HDE)
and dark matter (DM) interacting models getting more important topics in
cosmology. Indeed, it is shown in the literature that the interacting models
have potential to solve many problems of the cosmology such as singularity,
cosmic coincidence and cosmological constant problems [1]-[20]. Additionally,
in a more recent study, Aydiner et al also show that the late time transition
can be explained based on DE and DM interactions [2]. Although no one knows
that the physical origin of the dark sector however it plays more important role
on the cosmic evolution of the universe.

On the other hand, except the theoretical studies, in the some observational
results of Planck collaboration indicates that the dark sector makes contribution
to significant part of the total energy of the universe [21]. In addition accord-
ing to analyzing of the observational data, most cosmological models implicitly

Preprint submitted to Elsevier November 8, 2021

derya.deveci
Vurgu

derya.deveci
Vurgu



assume that the dark sector of the universe only interact gravitationally, but
there are also some studies which assume non-gravitationally interaction [6, 22].
The mentioned couplings and the cosmological parameter constraints in some
cosmological models are researched [23, 24, 25]. The energy decaying between
dark sector has also been showed by different observational data [26, 27, 28].
This observational findings indicate that the physical interactions in dark sector
can help us to understanding of the universe dynamics.

We know that the recent observational studies like Cosmic Background Ex-
plorers (COBE) [29], Wilkinson Microwave Anisotropy Probe (WMAP) [30, 31]
and Planck collaboration [21] reveal that the universe spatially flat, homoge-
neous and isotropic at the late times as predicted by Friedmann–Lemâıtre–
Robertson–Walker (FLRW) model. However, WMAP data shows that the early
universe may not be exactly uniform [32, 33]. In this sense, the anisotropy and
interaction of dark sector in the weak anisotropic universe can play important
role on the evolution and formation of the universe. More recently, the HDE
and DE interacting models including anisotropy to examine the accelerated ex-
pansion of late time of the universe are also studied in Refs. [9, 34, 35, 36, 37,
38, 39, 40]. The HDE is a special case of the DE model, which based on the use
of various horizons as the radius of the universe depending on the holographic
principle tied up with the thermodynamics of black holes and string theory.

Based on these motivation, in this study, we consider HDE and DM inter-
actions in a anisotropic universe model with a special scale factor which has
stretched exponential form. Before the presented our model we discuss two
points. Our HDE and DM interacting model based on Bianchi Type-V model.
All Bianchi models have considered various anisotropic universe metrics. All
of them imply that the universe is anisotropic. For example, Bianchi Type-I
cosmological model considering a mixture of a perfect fluid and reduces it to
flat FLRW soon after inflation. Bianchi Type-II, IV, V, VI0, VII0, VIII, and
IX models describe anisotropic space-time and isotropy at late stages of the
universe even for ordinary matter. Type-III is missing because it turns out to
be a special case of Type-VI. Types-I, VII0, V, VIII and IX have received par-
ticular attention as they contain the isotropic FLRW flat, flat, open, open and
closed universes, respectively. Other types can be arbitrarily close to, but not
exactly, isotropic. These models can be used to analyze aspects of the physical
universe which pertain or which may be affected by anisotropy in the rate of
expansion, for example, the cosmic microwave background radiation, nucleosyn-
thesis in the early universe and the question of isotropization of the universe
itself. Most cosmological models assume that the mater in the universe can be
described by dust (a pressureless distribution) or at the early stages of universe
viscous effects do play a role. However, bulk viscous models have prime roles in
getting inflationary phases of the universe. Unlike other types, Bianchi Type-V
universe model not to be in thermal equilibrium in their early stages. Type-
V spatially homogenous with perfect fluid cosmological model which contains
both viscosity and heat flow [41, 42, 43, 44]. Therefore, in this study, we con-
sider a spatially homogenous anisotropy Bianchi Type-V space-time in which
the source of matter distribution is viscous fluid with a cosmological constant.
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Additionally, unlike previous HDE and DM interaction model, we consider a
stretched exponential scale factor which is given by [45, 46];

a = exp

[
H0T0
β

(
t

T0

)β
− 1

]
(1)

where H0 is the current value of Hubble parameter, T0 the current age of the
universe and β is a constant. Clearly, this equation has a stretched exponential
form for β < 1 values and for β = 1 reduces to exponential form. Actually, one
can see that the scale factor in Eq. (1) for all β values describe early time and late
time exponential expansion periods. However, the time evolution of a stretched
form is very different from exponential type. A stretched exponential function
for short time period decays faster than normal exponential function, however it
slowly down more than exponential one for large time. This interesting behavior
can be used to explain the difference of the early and late time inflationary
dynamics of the universe. In general, it is assumed that the universe, after
’big-bang’, suddenly expands in a very short time, which faster than the late
time exponential expansion. Therefore, to explain the early time and late time
exponential expanding difference and the early time expanding problems such as
flatness and horizon can be solved by using stretched scale factor. Furthermore,
the parameter indicates not only spatial disordered but also represents entropic
restriction in the considering system, which is consistent not thermal behaviour
of the Bianchi V. For this reason, we prefer to study the form of scale factor
given in Eq. (1) in the present work. We should note here that the β exponent
characterizes interactions or disorders between components in an inhomogeneous
system. We can say that the irregularity or interactions in the system increase
for β < 1 values, while β = 1, the system is homogeneous and anisotropic.

In summary, in this study, considering HDE and DM interacting in Bianchi
Type-V universe with a scale function in Eq. (1), we discuss the time evaluation
of the cosmological parameters depend on β parameter and we compare our
results with the results of the other theoretical studies in the literature.

The outline of this study is the following: In Section 2, we have consider
HDE and DM interaction model in the anisotropic Bianchi Type-V universe
with a stretched exponential form of the scale factor. In this section, we obtain
some of the cosmological parameters. In Section 3, we give the numerical results
and compare with the theoretical and recent observational results. Finally, we
present our conclusion in Section 4.

2. Holographic Dark Energy Dark Matter Interaction

The holographic principle was firstly suggested by Hooft [47] and Susskind
[48] for the black hole physics that contains the effective local quantum field
theories with degrees of freedom. In this principle, the entropy scales exten-
sively for an effective quantum field theory in a box of size L with UV cut-off
represented by λ and the principle assumes that the entropy of a system scales
with the surface area not volume, not with its volume. When applying the
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principle to the DE problem a new DE model is showed up and it is called the
HDE model. According to this HDE model, the volume space can seem as 2D
line encoded on the lower boundary to the region, so IR cut-off related to DE
can be said the size of the corresponding horizon. The energy density of the
HDE model is defined by

ρDE = 3c2M2
pH

2 (2)

where Mp is the Planck mass, c is the speed velocity and H is the Hubble
parameter with function of time and then depends on L with H = L−1 and can
be find H = ȧ/a. In this study, we have chosen the scale of Mpc = 1 and also
we have chosen an apparent horizon with the radius of L.

L = ar(t) (3)

where a is the average scale factor that indicates the relative size of the universe
with the function of time. In this study, we consider spatially homogeneous and
anisotropic Bianchi Type-V universe that can be described by the line element

ds2 = −dt2 +R2
1dx

2 + e2αx(R2
2dy

2 +R2
3dz

2) (4)

R1, R2, and R3 are the corresponding metric functions of cosmic time t where
α is a constant. The average scale factor of the space-time can be defined as
a=(R1R2R3)1/3 in case of the corresponding metric functions, therefore the
average Hubble’s parameter can be interpreted as

H =
ȧ

a
=

1

3
(
Ṙ1

R1
+
Ṙ2

R2
+
Ṙ2

R2
) (5)

over dot indicates the derivative with respect to the cosmic time t and Hi =
Ṙi/Ri. The Einstein’s field equations in natural units (8πG = 1 and c = 1);

Gij = Rij −
1

2
gij = R = −Tij (6)

where giju
iuj = 1, ui = (1, 0, 0, 0) is the four velocity vector and Rj is the Ricci

tensor, R is the Ricci scalar, Tij is the energy-momentum tensor. From the
energy conservation

T
(DM)j
i − T

(DE)j
i = 0 . (7)

where T
(DE)
ij and T

(DM)
ij are the energy-momentum tensor of DE and DM. These

are given by

T
(DM)j
i = diag[−ρDM , PDM , PDM , PDM ] (8a)

T
(DE)j
i = diag[−ρDE , PDEx , PDEy , PDEz ] (8b)
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with the relation of PDE = wDEρDE the energy momentum tensor of DE is
given by

T
(DE)j
i = diag[−1, wDEx , wDEy , wDEz ]ρDE (9)

where w is the EoS parameter of DE with the components of wDEx , wDEy and
wDEz are function of the time and they are the directional of w along x, y and z
coordinate axes, respectively. By the modifying EoS parameter we assume that
the skewness parameters of γx, γy and γz and retyping (9)

T
(DE)j
i = diag[−1, (wDE + γx), (wDE + γy), (wDE + γz)] (10)

γ denotes the deviation from wDE on x, y and z axes. Using of Eqs. (4), (6),
(7) and (10) the corresponding field equations are derived as

Ṙ1Ṙ2

R1R2
+
Ṙ2Ṙ3

R2R3
+
Ṙ3Ṙ1

R3R1
− 3α2

R12
= (ρDE + ρDM ) (11a)

R̈1

R1
+
R̈2

R2
+
Ṙ1Ṙ2

R1R2
− α2

R2
1

= −(wDE + γz)ρDE (11b)

R̈2

R2
+
R̈3

R3
+
Ṙ2Ṙ3

R2R3
− α2

R2
1

= −(wDE + γx)ρDE (11c)

R̈3

R3
+
R̈1

R1
+
Ṙ3Ṙ1

R3R1
− α2

R2
1

= −(wDE + γy)ρDE (11d)

2Ṙ1

R1
+
Ṙ2

R2
− Ṙ3

R3
= 0 . (11e)

By using Eq. (11e) we can get;

R2
1 = R2R3 . (12)

Assuming R2 = Rς3 and the relation between the scale factor, and ς is a positive
constant and preserves the anisotropic character of the space-time. The metric
functions are assumed a power-law relation with cosmic time in an attempt
to find exact solutions of the set of field equations. The metric functions are
calculated by using Eq. (12)

R1 = a, R2 = a
2ς
ς+1 , R3 = a

2
ς+1 (13)

where the scale factor a is given in Eq. (1). The directional Hubble parameters
can be calculated by Hi = Ṙi/Ri by using Eq. (13);

H1 = H0t
−1+βT0

1−β (14a)
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H2 =
H0ςt

−1+βT0
1−β

1 + ς
(14b)

H3 =
H0t

−1+βT0
1−β

1 + ς
(14c)

the time dependent Hubble parameter is calculated by putting (14a)-(14c) to (5)

H = H0t
−1+βT 1−β

0 (15)

the time dependent deceleration parameter q = −a.ä/ȧ can be found by us-
ing (1)

q = −

(
β − 1

H0T0

(
t

T0

)−β
+ 1

)
. (16)

The time dependent skewness parameters can be calculated by putting (13)
to (11b), (11c) and (11d)

γx = exp

[
−H0(−1 + tβ)

T0
1−β

][
α2T0

2

3H0
2

]

−2
exp

[
(H0(1−t2)

2T0
)(1 + 2ς

1+ς )
]
ςt−2+2βT0

4−2β

9(1 + k)

−2
exp

[
(H0(−1+t2)

2T0
)( 4ς

1+ς )
]
ςt−2+β(−1 + β)T0

3−β

9H0(1 + ς)

−2
exp

[
(H0(−1+tβ)T0

1−β

2T0
)( −41+ς )

]
t−2+β(−1 + β)T0

3−β

9H0(1 + ς)
− wDE (17a)

γy = exp

[
−H0(−1 + tβ)

T0
1−β

] [
α2T0

2

3H0
2 − (−1 + β)

H0T0
−3+β

]

−2
exp

[
(H0(1−t2)

2T0
)(1 + 2ς

1+ς )
]
t−2+2βT0

4−2β

9(1 + ς)

−2
exp

[
(H0(−1+t2)

2T0
)( 4

1+ς )
]
t−2+β(−1 + β)T0

3−β

9H0(1 + ς)
− wDE (17b)

γz = exp

[
−H0(−1 + tβ)

T0
1−β

] [
α2T0

2

3H0
2 − (−1 + β)

H0T0
−3+β

]

−2
exp

[
(H0(1−t2)

2T0
)(1 + 2ς

1+ς )
]
ςt−2+2β

9(1 + ς)T0
−4+2β

−2
exp

[
(H0(−1+t2)

2T0
)( 4ς

1+ς )
]
ςt−2+β(−1 + β)

9H0(1 + ς)T0
−3+β − wDE . (17c)
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The physical quantities named as cosmological parameters that are important
in cosmology. Here θ is the expansion scalar and it formulates as;

θ = 3H = 3H0t
−1+β−1T 1−β

0 . (18)

The scalar expansion θ > 0 indicates that the model yields expanding in nature.
The shear scalar which is a measure of how the expansion rate differs in the
different directions is represented as σ2

σ2 =
1

2
(

n∑
i=1

H2
i −

1

3
θ2) (19)

can be calculated by using (15) and (18)

σ2 =
H2

0 (−1 + k)2t−2+2βT 2−2β
0

(1 + k)2
. (20)

As can be seen the rate of σ2/θ2 does not depending on the cosmic time that
it implies that the model does not pass isotropy. The corresponding average
anisotropy parameter is the measure of the magnitude of anisotropy in the
expansion rate is given by

∆ =
1

3

3∑
i=1

(
Hi −H

H
)2 (21)

using Eqs. (14a)-(14c),(15) and (21)

∆ =
2(−1 + ς)2

3(1 + ς)2
. (22)

In order to obtain the coupling interaction equation we follow theoretical pro-
cedure. Based on the FLRW metric the interaction between DE and DM is
represented by the continuity equation which is the energy balance equations of
DE and DM [1, 16, 50, 49]. We assume that the universe in which the DE and
DM are interacting with each other and the total energy density satisfies the
continuity equation, therefore we can rewrite Eq. (7) by using Eq. (11a)-Eq. (11e)
and Eq. (12) to find the continuity equation as

ρ̇DE + ρ̇DM +

(
Ṙ1

R1
+
Ṙ2

R2
+
Ṙ3

R3

)
(ρDE(1 + wDE) + ρDM )

+

(
γx
Ṙ1

R1
+ γy

Ṙ2

R2
+ γz

Ṙ3

R3

)
ρDE = 0 (23)

we can rewrite by separating the equation of (23) for the non-interaction case

ρ̇DE + 3H(1 + wDE)ρDE + (γxHx + γyHy + γzHz)ρDE = 0 (24a)
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ρ̇DM + 3HρDM = 0 (24b)

for the interaction case

ρ̇DE + 3H(1 + wDE)ρDE + (γxHx + γyHy + γzHz)ρDE = −Q (25a)

ρ̇DM + 3HρDM = Q (25b)

where Q represents the overall conservation of the energy-momentum tensor
which indicates a transfer from DE component to DM component and vice
versa. There are different Q definition in the literature [16, 17, 20, 51]. If we
choose to take the coupling term depending on the density of DE;

Q = 3b2HρDE (26)

where b is the coupling constant. Then we have used Eqs. (2), (25a) and (26) to
get the corresponding EoS parameter of DE;

wDE = −1 − b2 − 2Ḣ

3H2
− (γxHx + γyHy + γzHz)

3H
(27)

and by using Eqs. (14b), (14c), (17a), (17b) and (17c) the directional EoS Pa-
rameters can be obtained as

wDE = −1 − b2 +
−2tβ(1 + β)T0

−1+β

3H0
− 1

3t2
e−4ηT0

−2β − 3e−4ηt2wT0
2β

+e2ηT0
β(−2H0t

β(−1 + β)T0 + 9t2α2T0
β) − 4e3η(3−

2ς
1+ς )ςt2β

(1 + ς)
2
H0
−2T0

−2 −

2e3η(
1+3ς
1+ς )(1 + 3ς)t

2β

(1 + ς)
2
H0
−2T0

−2 − 2e
4ης
1+ς (−1 + β)tβ

(1 + ς)2H0
−1T0

−β−1 ((1 + 3ς)2(1 + ς2)) (28)

where η = H0(−1 + tβ)T0
−1+ββ−1.

It can be seen from Eq. (28) that the directional EoS parameter depends on
the cosmological time and the coupling constant.

3. Numerical Results and Discussion

In the previous section, we consider a HDE and DM interacting model in
Bianchi Type-V universe with a stretched exponential scale function in Eq. (1).
We obtain some cosmological parameters depend on β such as Hubble, decelera-
tion, skewness, shear and EoS parameters. Here, we give the obtained numerical
solutions and compare our results with the observational and theoretical results
of the isotropic universe models.

Firstly, we give the time evolution of the scale factor a and Hubble param-
eter H for various β values in Fig. 1. We set H0 = 0.07 Gyr−1 and T0 = 13.77
Gyr in both figures. We mentioned in introduction that the scale factor a in
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(b)

β=0.50
β=0.54
β=0.58
β=0.62

H

0,1

0,2

0,3

0,4

0,5

t	(Gyr)
0 2,5 5 7,5 10 12,5 15

(a)

β=0.50
β=0.54
β=0.58
β=0.62

a

0,2

0,4

0,8

1

t	(Gyr)
0 2,5 5 7,5 10 12,5 15

Figure 1: Time evolution of the scale factor in (a) and Hubble parameter in (b) for various β
values. We set H0 = 0.07 Gyr−1 and T0 = 13.77 Gyr in both figures. The vertical dot line
indicates the present time.

Eq. (1) for all β < 1 values describe early time and late time exponential ex-
pansion periods. Indeed, as seen from Fig. 1(a) that in early stage i.e. shortly
after ’big-bang’, the scale factor behaves faster than exponential which indicates
the universe suddenly expands in a very short time. This inflationary dynam-
ics rapid expansion cause to flat universe metric. This initial phase can called
early time inflationary expansion. If we assume that β represents the Bianchi
anisotropy, one can see anisotropy effects plays an dominant role at the initial
phase up to intermediate time in the cosmic evolution of the universe. Inter-
estingly, in the intermediate time evolution is relatively power law expansion as
seen from Fig. 1(a) and the β effects on the dynamics disappears around almost
t > 7.5 Gyr up to almost 10 Gyr. However, for > 10 Gyr scale factor goes to
a new regime which faster than subsequent previous regime but it slow than
early initial times expansion dynamics. This last period may represents the late
time acceleration phase of the universe. This also indicates that the stretched
exponential scale factor may represent the anisotropic Bianchi Type V model
which contain initial thermal non-equilibrium and eat low at the early time of
the universe. Obtained results are also good agreement for late time transition
with the theoretical results in Ref. [2] in which they show that DM and DE
interaction can explain the catastrophic transition from power law expanding
to the inflationary expansion at the late time. Similarly, for the same param-
eter we plot Hubble parameter H versus cosmic time in Fig. 1(b) for various
β values. It can be seen Hubble parameter is getting the same value but not
the constant value at the present time. If we remember the Hubble parameter
is depended the scale factor by ȧ/a, the expansion of the universe causes in-
creasing behavior of the scale factor, therefore it causes ȧ > 0. Because of the
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accelerated expansion of the Universe the value of ȧ increases. It means that the
Hubble parameter is decreasing with time. Therefore, it can be said that in an
anisotropic universe model where the interactions of DE and DM are taken into
consideration, the Universe will continue to expand in the late times. Overlap-
ping of these curves is occuring approximately at the 6.650 Gyr. It can be said
that accelerated expansion is independent from the Hubble parameter and the
present age of the Universe. As seen from this figure that the anisotropy effects
play important role at the early times, however, the anisotropy effects nearly
disappear after for > 10 Gyr and Hubble parameter converge to H0 = 0.07
Gyr−1 as expected. This is also good agreement with theoretical calculations
from observational data [52, 53]. The dynamics of the average anisotropy pa-
rameter is calculated in Eq. (22). It depends on the value of ς which is a positive
constant and preserves the anisotropic character of the space-time. Therefore
the anisotropy does not decay at the late times of the Universe, so it is possible
to say that this model is arbitrarily close to, but not exactly, isotropic.

β=0.50
β=0.54
β=0.58
β=0.62

(b)

q

−0,6

−0,4

−0,2

0

0,2

0,4

t	(Gyr)
0 5 10 15 20

(a)

β=0.50
β=0.54
β=0.58
β=0.62

σ2

0

10−10

2×10−10

4×10−10

5×10−10

t	(Gyr)
0 2,5 5 7,5 10 12,5 15

Figure 2: Time evolution of the shear scalar in (a) and deceleration parameter in (b) for
various β values. We set H0 = 0.07 Gyr−1 and T0 = 13.77 Gyr in both figures. The vertical
dot line indicates the present time.

In Fig. 2, we present the time evolution of the shear scale factor σ and de-
celeration parameter q for various β values. We set H0 = 0.07 Gyr−1 and
T0 = 13.77 Gyr in both figures. The shear scalar σ indicates the deviation from
the average expansion rate of the universe [54]. In our model, as seen from
Fig. 2(a), the anisotropy and thermal flow in the early times play an important
role on the expansion dynamics as well the Hubble parameter. However, when
anisotropy effects nearly disappear and the universe up to thermal equilibrium,
shear parameter also reach to a saturated values like the Hubble constant. Gen-
erally, it is assumed that this parameter approaches to a constant non-zero value
in the limt→∞ σ2/θ = 0+. This refers to an isotropic and flat universe. The
obtained result is consistent with the other theoretical studies [55, 56]. Inter-
estingly, the results in Fig. 2(b) the early time anisotropy effects determine the
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future time evolution of the universe. The dimensionless deceleration parameter
measures velocity rate of the cosmic expansion. As seen form Fig. 2(b), values
of the deceleration parameter q decreases and reach to negative value with time
as expected.

β=0.50
β=0.54
β=0.58
β=0.62

w
D
E

−2

−1

0

1

2

3

4

t	(Gyr)
0 5 10 15 20

Figure 3: Time evolution of the EoS parameter of DE for various β values. We set w = −1,
H0 = 0.07 Gyr−1 and T0 = 13.77 Gyr. The vertical dot line indicates the present time.

Finally, we plot the time evolution of the EoS parameter of DE wDE for
various β values in Fig. 3. Here, we set w = −1, H0 = 0.07 Gyr−1 and T0 =
13.77 Gyr. One can see more interesting physical behavior in Fig. 3. The time
crossover around tc = 3.21 Gyr time can be seen more apparently. Indeed,
this point can be regarded as phase transition point in time from early time
inflationary expansion to the intermediate regime of the cosmic time evolution
of the universe. We can state that the anisotropy effects dominates the time
evolution below tc. However, these effects weaken and nearly disappears above
tc. The time evolution of the EoS parameter of DE wDE , in general, obey
to expected behavior in FLRW cosmology. It decrease slowly and reach up the
present value i.e -1. However, we see that the initial anisotropy effects determine
the EoS value. Figure says that EoS parameter can converge to -1 value only if
the universe has strong anisotropy effects. In fact, as seen from figure wDE can
take -1 value for β = 0.5 values. This clearly indicates the anisotropy affects and
non-thermal dynamics should be strong in the beginning of the universe. On
the other hand, it is very difficult to predict the late time transition evidences
form this figure. To obtain more detail and precise results we need more detail
studies on the model and its results.

4. Conclusion

In this study, we consider a HDE and DM interacting model in Bianchi Type
V universe with a stretched exponential scale function in Eq. (1). We obtain
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some cosmological parameters depend on β such as Hubble, shear, deceleration
and EoS parameters. We present the obtained numerical solutions and compare
our results with the theoretical results of the isotropic universe models to discuss
or explain, particularly, early and late time expansion of the universe.

We suggest and conclude that the stretched exponential scale factor can
represent the different epochs of the universe time evolution. Indeed, we see that
this type of the scale function is more suitable than a single type scale factor
which has exponential or trigonometric form. On the other hand, we study HDE
and DM interacting model in isotropic Bianchi Type V model considering the
stretched exponential form of the scale factor. We also suggest that the exponent
β denotes anisotropy effects in the early time universe. Hence, combining this
scale factor and Bianchi Type V model, we obtain the time evolution behavior
of the Hubble, shear, deceleration and EoS parameters in the presence of the
HDE and DM interactions.

We show that the anisotropy can play an important role on the time evolu-
tion of the universe. Our numerical results are strongly provide this simple idea.
We also reveal that the presence of the anisotropy determine the future of the
universe. Particularly, we find that anisotropy effects leads to a rapid expan-
sion in the early universe after ’big-bang’, which solve the flatness and horizon
problems. This epoch continues to approximately 3.21 Gyr in the cosmic time
under strong anisotropy effects. Interestingly, our results also emphasize that
our universe goes into a different accelerating phase around > 10 Gry in the
cosmic time as can be seen both figures. This form of the scale factor in the
model could describe all of the cosmic history including inflationary stage as
well as the epoch of the late time cosmic expansion.

In summarize, the results of the presented model, surprisingly, proposes some
solutions to important problems of cosmology. Therefore, we, finally, conclude
has potential which can lead to new discussions and studies in this area.
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