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Network selection in the Internet of Vehicles has become a popular topic of research. Unlike existing algorithms for hetero-
geneous network environments that rarely consider user satisfaction, in this paper, we propose a network selection strategy that
takes into account both user satisfaction and transmission efficiency. We employ the effective capacity concept, which describes
the maximum throughput a system can achieve under a specific statistical Quality-of-Service (QoS) delay violation probability
constraint. +is strategy first analyzes the influence of different utility function weight coefficients, transmission power, and time
delay on each network utility satisfaction function. It is evident that the weight coefficient is proportional to the value of the utility
function. Within a constrained transmission power range, the rate of increase of the function gradually slows down until it
approaches a fixed value. When the delay factor value is larger, the function value is smaller, which indicates that the pursuit of
lower delay will sacrifice other network performance aspects. In order to determine the maximum value of each network utility
satisfaction function, a convex optimization theory is introduced for the joint optimization of user satisfaction and transmission
efficiency. Finally, simulation experiments carried out under three representative network environments show that the proposed
strategy is efficient and reliable.

1. Introduction

In recent years, Internet of Vehicle (IoV) users have de-
veloped an increasingly strong demand for high-quality
access to ubiquitous broadband wireless network services
[1]. +is demand has created a drive for the rapid devel-
opment of wireless communication technology in the IoV
applications. Emerging connected vehicle and autonomous
vehicle technologies can improve operational efficiency [2],
mobility, and traffic safety in the entire network through
Vehicle to Vehicle and Vehicle to Infrastructure Commu-
nications based on dedicated short range communications
(DSRCs) [3, 4].

+eMobile communication networks have evolved from
the global system for mobile communications to the uni-
versal mobile telecommunications system, followed by long-
term evolution and wireless local area network (WLAN) up

to the fifth generation wireless systems (5G) today [5]. At the
same time, multisource heterogeneous wireless networks
(MHWNs) have emerged in order to meet the needs of
various services. A schematic diagram of a typical MHWN is
shown in Figure 1.

In MHWNs, a variety of networks such as WLAN,
cellular networks, and other types can be simultaneously
selected by the user terminal. It is very critical for the users to
choose an access network among these networks [6]. In
MHWNs, due to the difference in the transmission quality of
wireless network links, the overlap of wireless network
signals, and the diversity of mobile terminal equipment, a
reasonable and efficient network selection algorithm is re-
quired to formulate the IoV users’ access network selection.
So far, researchers in this field have conducted significant
research on access selection algorithms and proposed many
algorithms. In general, they can be roughly divided into
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network selection algorithms based on load balancing, re-
ceived signal strength, and quality-of-service (QoS) [7].
Depending on the mathematical methods adopted, these
algorithms can be further divided into those based on utility
functions, neural networks, game theory, multiattribute
decision making, etc. [8, 9].

Yang et al. proposed a wireless network selection
scheme based on parallel transmission capability [10]. A
network selection algorithm using mainly fuzzy logic and
multiattribute decision-making was proposed in [11].
Singha and Singh proposed a distributed reinforcement
learning strategy for selecting WLAN and WiMAX net-
works [12]. In [13], Pridar and Hududillah used a variety
of criteria to formulate a network selection algorithm,
namely, the simple weighted algorithm and the random
access selection algorithm. +ey showed that these two
algorithms provided a better network selection capability
than other approaches. A network selection scheme that
could select an optimal network from multisource fusion
networks based on Dempster/Shafer evidence theory was
proposed in [14]. Chinnappan and Balasubramanian used
an analytic hierarchy process and a fuzzy logic controller
for vertical switching. +ey proposed a network selection
algorithm that considered the terminal moving speed,
network cost, and load [15]. In previous studies, re-
searchers studied resource allocation and network se-
lection in multisource heterogeneous networks and
proposed a joint resource allocation strategy using a delay
factor and a prediction mechanism [16].

However, the existing methods rarely consider user
satisfaction, which is an important indicator to measure
service performance. It can reflect network performance
and reduce the wastage of resources such as bandwidth
and power. +erefore, when selecting a network, the
aforementioned methods are likely to result in low QoS
for the IoV users and wastage of communication
resources.

In view of the above shortcomings, we propose a net-
work selection strategy in this paper that takes into account
user satisfaction and transmission efficiency. According to
our simulation results, the proposed strategy can reduce the
wastage of communication resources and make the network
selection more efficient while guaranteeing user QoS. +e
main contributions of this paper are as follows:

(1) Unlike existing work, we introduce the concept of
effective capacity and consider communication de-
lay. In the effective capacity, the delay factor θ is
introduced that can reflect the delay requirement of
the system. To be specific, a larger θ corresponds to a
faster decay rate, which implies that the system can
provide a more stringent QoS requirement. On the
contrary, a smaller value of θ indicates that the
system has a flexible requirement for delay.

(2) To reduce the wastage of communication resources,
we introduce the concept of utility function. +is
function can accurately reflect the relationship be-
tween the user demand and access resources, and the
overall form of its expression is S-shaped.

(3) We comprehensively consider user satisfaction and
transmission efficiency, as well as the delay problem
by using the concept of effective capacity (EC).
Experimental simulations show that the proposed
network selection strategy can effectively meet the
needs of different users under various network
environments.

+e rest of this paper is organized as follows. In Section
2, we introduce the systemmodel and the concept of EC.We
further mathematically formulate the satisfaction utility
function to prove the feasibility of this feature. +e for-
mulation of the EC maximization problem under statistical
delay-QoS constraint is provided in Section 3. In Section 4,
we present simulations in different network environments to
verify the validity and superiority of the proposed method.
We summarize our findings and present future prospects in
Section 5.

2. System Model

Various indicators should be considered depending on the
different business needs for sustainable development of
communication technology and the increasing diversity of
user needs. First, we need to consider not only the trans-
mission rate but also the performance of the service it
provides. As an important index for measuring service
performance, user satisfaction can not only reflect the
current network performance but also avoid the wastage of
resources. In this paper, we propose a utility function for
effectively evaluating the decision factors of network se-
lection. As mentioned in [17], different decision factors are
mapped to the corresponding utility indicators. Different
IoV users require different amounts of access resources.
During the early stages, users require a large amount of
access resources to meet their needs. However, as the access
resources increase, the user demand decreases until there is a
surplus of access resources.

Second, the problem of transmission delay is very im-
portant in the IoV, as the IoV communication must first and
foremost meet the delay requirements. +e delay is a
threshold; if the delay provided by the network is too large
and exceeds the maximum delay tolerated by the user’s
business, it will be unacceptable even if it can provide high
transmission efficiency.

Different businesses have different delay requirements.
Non-real-time services such as data transfer do not have low
latency requirements but require high throughput to ensure
the data transfer rate. Real-time services such as video and
voice communications require low latency to ensure smooth
communication. In vehicular networks, vehicle control in-
formation needs to be transmitted through the network with
extremely low delay and high reliability [18]. In addition,
there are certain services such as web browsing, which lie
between real-time and non-real-time services and require
more considerations to be given to the QoS. For some
networks, the extreme minimization of delay occurs at the
expense of other performance aspects. According to the
business characteristics, users generally choose the network
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that provides the highest efficiency and satisfaction as long as
certain delay requirements are met.

+e reason for choosing between multiple networks is
the different performance of the services provided by each
network. +e service providers usually use QoS parameters
to measure the service performance. In contrast, users’
perception of service performance tends to be more sub-
jective and non-technical. +ey expect to be served within a
reasonable response time, regardless of the actual values of
the technical network parameters. +erefore, in this paper,
we consider user satisfaction and transmission efficiency
comprehensively. We further introduce the concept of user
experience satisfaction function of IoV, which is used to
characterize the demand relationship between the users and
access resources, such as bandwidth and power. When the
users access the network, the user experiencesatisfaction
function can be expressed as follows:

y(x) �
ln(1 + βx)

ln(1 + β)
, β≥ 0, x≥ 0, (1)

where β represents the weight of the utility function in
logarithmic form. Different weights are applied to change
the shape of the utility function according to user needs and
network selection parameters. +e current value of the
access resource is represented by x. +e satisfaction function
can appropriately reflect the relationship between the access
resources and the user experience function of the IoV.

+e relationship between the user experience function
and access resources is not linear. Initially, the access re-
sources will be scarce, and the IoV terminals will urgently
need resources to meet the current business needs. +e
function value is small due to the lack of access resources.
With the increase of access resources, the experience sat-
isfaction function value increases sharply. With a further
increase, the function’s rate of increase will be reduced. At
this point, the value of the function is close to its maximum
value, indicating that the access resources can meet the
current business needs of the IoV terminal. A further in-
crease in access resources will only cause minimal changes to
the experience function, indicating that the terminal de-
mand can be met at this time and the access resources are in
surplus.

To sum up, as far as the terminals are concerned, the
access resources do not follow a “more is better” rationale.
Instead, they should be constrained to a reasonable amount,
which can not only meet the needs of the IoV terminals but
also avoid resource surplus and wastage. According to the
utility theory, the utility function must simultaneously
satisfy three conditions in order to achieve the maximum
benefit. +ese conditions are quadratic differentiability,
monotony, and concavity.

Theorem 1. "e experience function shown in equation (1) is
monotone, quadratically differentiable, and convex and can
be used as a utility function model in this paper.

Proof. See Appendix A.

+us, according to the above discussion, we define the
user experience satisfaction function of IoV as follows:

u(p) �
ln(1 + βp)

ln(1 + β)
, β≥ 0, p≥ 0, (2)

where p is the transmission power of the network.
Transmission delay is a key factor in IoV transmission. If

the delay provided by the access network is larger than the
maximum delay tolerated by the user, the user will consider
that it is not possible to access the network. On the other
hand, if the delay provided by the access network is less than
or equal to themaximum delay tolerated by the user, the user
may choose this network access and seek the optimal net-
work among the accessible networks.

In this paper, the concept of EC is introduced in order to
represent the transmission delay. Based on the large devi-
ation principle, in [19], it is showed that, under sufficient
conditions, the queue length process Q(t) converged in
distribution to a random variable Q(∞) such that

− lim
Qth⟶∞

log Pr Q(∞)>Qth ( 

Qth
� θ, (3)

where Qth is the queue length bound and the parameter θ > 0
is a real number. +e parameter θ, which is called the QoS
exponent, indicates the exponential decay rate of the delay-
bound QoS violation probabilities. A larger θ corresponds to
a faster decay rate, which implies that the system can provide
a more stringent QoS requirement. A smaller θ leads to a
slower decay rate, which implies a relaxed QoS requirement.

+e development of wireless networks makes it possible
meet the diversified business needs of the IoV users through
multinetwork fusion technology. Suppose an IoV user with
certain business needs is in an area simultaneously covered
by 5G, WLAN, and DSRC networks. At this time, the IoV
user will consider the performance of each network com-
prehensively, including factors such as time delay and sat-
isfaction, and choose the most appropriate access network.
We define the instantaneous transmission rate as

r � TB log2 1 +
pg

N0B
 , (4)

where B is the system bandwidth and p and g are the
transmission power and channel power gain of the user,
respectively, while N0 is the single-sided noise power
spectral density (PSD) [20].

+en, the EC of the network can be expressed as follows:

Ce(p) � −
1
θ
lnE e

− θTB log2(1+c)
 

� −
1
θ
ln I,

(5)

where c is the signal-to-noise ratio (SNR) of the user, while
the expectation Ι will be developed later for NLOS Rayleigh
fading channels, yielding equation (8).

In summary, we consider the network’s transmission
efficiency and user satisfaction, and after normalization, we

Mathematical Problems in Engineering 3



obtain the utility satisfaction function over the Rayleigh
fading channel (RFC) as

Ue,RFC(p) � α
u(p) − umin(p)

umax(p) − umin(p)
+(1 − α)

Ce(p)

C
max
e (p)

, (6)

where Ce(p)/Cmax
e (p) is the transmission efficiency and α is

the weight coefficient of the utility function, whose value
ranges between 0∼1. +e value is selected by users according
to their own business needs. If the users have a high demand
for transmission efficiency, a smaller α will be selected,
which means a higher 1 − α. Consequently, the proportion
of transmission efficiency will increase in the utility function.
If the user’s demand for transmission power is relatively
high, a larger α will be selected and the corresponding lower
1 − α will increase the proportion of transmitting power in
the utility function.

In the network selection algorithm proposed in this
paper, under the premise of meeting certain delay re-
quirements, the maximum value of the corresponding utility
function of the three networks, i.e., 5G, WLAN, and DSRC,
is obtained within a limited power range. +en, the user
terminals select the network with the maximum utility
function value as the current access network. +e corre-
sponding optimization problem to obtain the maximum
utility satisfaction function value for users can be expressed
as follows:

U
opt
e,RFC(p) � max

p
Ue,RFC(p)

s.t. c.1: Ce(p)≥C
min
e

c.2: p≤pmax, p≥ 0,

(7)

where Cmin
e represents the minimum EC under the statistical

time delay QoS constraint that the user must achieve and
pmax is the maximum transmission power of the base station
(BS).

It is difficult to directly solve (7), because it is not a
typical concave problem. +erefore, it is transformed as
follows.

Among them,

I � E e
− θTB log2(1+c)

 

� 
∞

0
e

− θTB log2 1+pg/N0B( ) · f(g)dg

� 
∞

0
1 +

pg

N0B
 

− θBT/ln 2

σe
σgdg.

(8)

Substituting

t � 1 + g D,

D �
p

N0B
,

A �
θTB

ln 2
,

(9)

into (8) and assuming σ � 1, we obtain

I � 
∞

0
e

− g 1 + gkD( 
− Adg

�
e
1/D

D

∞

1
e

− (t/D)
t
− Adt �

e
1/D

D
EA

1
D

 ,

(10)

where A, D> 0, and En[x] is the exponential integral
function. Using (5) and (10), the EC of the user for trans-
mission over the RFC is calculated as

Ce,RFC � −
1
θ
ln

N0B

p
e

N0B/p
EA

N0B

p
  . (11)

□

Theorem 2. For Rayleigh fading channels, (11) is a concave
function of p.

Proof. See Appendix B.
In summary, the optimal value of the utility satisfaction

function can be obtained by solving (7) for any access
network. □

3. Proposed Network Selection Strategy

In this paper, under the premise of meeting certain delay
requirements, we propose a network selection strategy that
considers both user satisfaction and transmission efficiency.
+e maximum value of the utility function is obtained under
different network environments. +erefore, network selec-
tion can be expressed as the following optimization problem:

U
opt
e,RFC(p) � max

p
Ue,RFC(p)

s.t. c.1: Ce(p)≥C
min
e

c.2: p≤pmax, p≥ 0.

(12)

Based on +eorem 2, we can conclude that the EC
maximization problem (12) is concave. Hence, it can be
solved efficiently and accurately using convex optimization
techniques. +erefore, we use the Lagrange multiplier
method to solve the optimization problem of equation (12),
as shown in (15).

In this context, the following relation holds:

argmax
p

Ue,RFC(p) ≡ argmin
],λ

sup
p

L(p, ], λ), (13)

where the Lagrangian dual function is given by supL, i.e., the
supremum of the Lagrangian.+e relationship formulated in
(13) is further developed in (16).

Since (16) is in a standard concave form, we can use the
Karush-Kuhn-Tucker (KKT) conditions to find the optimal
solution. +erefore, for given values of the Lagrange mul-
tipliers λ and ], the optimal power allocated to the user is
obtained by solving the following relation:

zL(p, ], λ)

zp
|p�p∗ � 0, (14)

which is equivalent to finding the specific p∗ satisfying (17),
which can be solved numerically using Newton’s method.
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Furthermore, the dual variables may be updated using
the subgradient method, as shown in (18) and (19), where i is
the iteration index, αλ and α] are the appropriate step sizes,
and the operator [·]+ represents max(0, ·).

To summarize, the specific selection strategy steps of
MHWNs considering both transmission efficiency and user
satisfaction are as follows:

(1) Initialization: determine the utility function weight
coefficient α, the weight value of the utility function
in logarithmic form β, and the transmission power’s
initial value p0 of the network, based on the user
experience satisfaction function, and set the allow-
able error as c.

(2) +e EC equation Ce(p) � − (1/θ)lnE[e− θTB log2(1+c)]

is used based on the parameter values obtained in (1)

to calculate the user’s maximum transmission rate
Cmax

e for the different networks.
(3) Calculate pi+1 using Newton’s iterative method,

where i is the iteration number.
(4) Determine if |pi+1 − pi|< c, and return the theoret-

ical value of p∗ � pi+1. Subsequently, select the
network with the maximum utility satisfaction
function value as the current user access network.

(5) If |pi+1 − pi|> c, then i � i + 1 and the processing
returns to step (3). +e iterative algorithm continues
until a power value that satisfies |pi+1 − pi|> c is
obtained:

L(p, ], λ) � (1 − α)
− 1/θ ln N0B/p · e

N0B/p
EA N0B/p  

C
max
e

+ α
u(p) − umin(p)

umax(p) − umin(p)
⎛⎝ ⎞⎠

+ ] −
1
θ
ln

N0B

p
e

N0B/p
EA

N0B

p
   − C

min
e,RFC  + λ pmax − p( ,

(15)

sup
p

L(p, ], λ) � argmax
p

(1 − α)
− 1/θ ln N0B/pe

N0B/p
EA N0B/p  

C
max
e

+ α
u(p) − umin(p)

umax(p) − umin(p)
⎛⎝ ⎞⎠

+ ] −
1
θ
ln

N0B

p
e

N0B/p
EA

N0B

p
   − C

min
e,RFC  + λ pmax − p( 

� argmax
p

−
]C

max
e + 1 − α
θC

max
e

ln
N0B

p
e

N0B/p
EA

N0B

p
   + α

u(p)

umax(p) − umin(p)
− λp ,

(16)

−
1
p
2

N0B ]C
max
e + 1 − α( 

θC
max
e

+
p ]C

max
e + 1 − α( 

θC
max
e

+ λp
2

−
N0B ]C

max
e + 1 − α( 

θC
max
e

EA− 1 N0B/p 

EA N0B/p 
  

− α
β/[ln(1 + β)](1 + βp)

umax(p) − umin(p)
  � 0.

(17)

4. Simulation Results and Analysis

4.1. Simulation Environment. We used Matlab 2016 for
performing the simulation experiments. Considering an
urban environment, network selection was carried out be-
tween three networks, namely, 5G, WLAN, and DSRC.

4.2. SimulationResults. Figure 2 shows the variation trend of
experience satisfaction function for different access
resources.

As can be seen from the figure, the function is mo-
notonous and concave. In general, as the access resource
value increases, the value of the utility satisfaction function
initially increases sharply.+is sharp increase occurs because
the IoV terminal is in urgent need of access resources to
meet the current business needs. However, due to the lack of
access resources, the value of the satisfaction experience
function remains small. +e rate of increase of the function
becomes very small as the access resources increase. At this
point, the change of the access resource value will only
marginally increase the function. A comparison shows that
the function shape changes as the value of β changes. +e
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IoV terminal can select different values according to its
business requirements.

λ(i + 1) � λ(i) − αλ(i)
zL(p, ], λ)

zλ
  

+

� λ(i) − αλ(i) pmax − p(  
+
,

(18)

](i + 1) � ](i) − α](i)
zL(p, ], λ)

z]
  

+

� ](i) − α](i) −
1
θ
ln

N0B

p
e

N0B/p
EA

N0B

p
   − C

min
e,RFC  

+

.

(19)

Figure 3 shows the relationship between the user utility
satisfaction function value and transmission power for
different values of α and θ.

Generally speaking, the value of the utility function
increases as the transmission power increases and finally
approaches a maximum value. First, we examine the in-
fluence of satisfaction and transmission efficiency on net-
work performance under the same business demands. A
small value of α is required when the terminal has a high
transmission efficiency requirement. It can be seen that as α
decreases, 1 − α increases. +e greater the value of 1 − α, the
smaller the value of the satisfaction utility function obtained
by the IoV user.

Next, we examine how the value of the utility function
changes for certain proportions of the two parts (namely,

user satisfaction and transmission efficiency) and different
delay factors. Let α � 0.5 and θ � 0.5. It can be seen that,
when the value of θ is large, the strictness of the delay re-
quirement is higher, and lower delay values will be at the
expense of other network performance aspects. When α �

0.5 and θ � 0.1, the satisfaction function value is higher.
Figure 3 examines the effect of the delay factor θ and

weight coefficient α on the utility function under the same
network environment. Figure 4 analyzes how the value of the
utility function changes under different network environ-
ments for the same service requirements. +erefore, letting
α � 0.5 and θ � 0.1, we see that the value of the utility
function increases as the transmission power increases. +e
function value obtained in the WLAN environment is the
largest, so it is the selected network for the current user’s
access.

DSRC
base station

WLAN
base station

Mobile base
station

DSRC
5G/LTE

Gateway

Internet

Server

Firewall

!

WLAN

DSRC
base station

Mobile base
station

Figure 1: Architecture of multisource heterogeneous vehicle network.
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Figure 5 is a comparison of the utility satisfaction
function for different network selection strategies.

In this case, a single variable value remains constant.
Letting θ � 0.1 and α � 0.5, we compare the network se-
lection strategy proposed in this paper with the network
selection strategies based on transmission power, trans-
mission efficiency, and throughput. As evident from the
figure, within a certain power range, e.g., 0–250 dBm, the
utility satisfaction function value obtained by the proposed
network selection strategy is the largest, followed by that
obtained using transmission power and transmission effi-
ciency. +e smallest value of the utility satisfaction function
is obtained using throughput. When the power exceeds

250 dBm, the value of the utility function obtained by the
throughput-based network selection strategy will exceed that
obtained by the transmission efficiency strategy. However,
the value obtained by the former strategy will eventually
approach a fixed value.

To sum up, the strategy proposed in this paper can give
the highest utility function value. +is is because it considers
both transmission power and transmission efficiency and
combines the two through a functional relationship,
resulting in superior performance.

In summary, when the IoV users have access to different
networks, a curve with the maximum satisfaction utility
function value can be obtained under different conditions. +e
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Figure 2: Variation trend of experience satisfaction function for different access resources.
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Figure 3: Relationship between user utility satisfaction function and transmission power for different values of α and θ.
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network corresponding to the current maximum utility sat-
isfaction function value is selected as the current access net-
work of the IoV user. +erefore, the proposed strategy can
effectively and reliably solve the problem of network selection.

5. Conclusion

Many algorithms have been proposed for solving the
problem of optimal scheduling of IoV terminals in het-
erogeneous network environments. However, only a few

algorithms consider user satisfaction. User satisfaction is
an important index for measuring the service performance,
and it can not only reflect the current network’s perfor-
mance but also avoid the wastage of resources.+erefore, in
this paper, we proposed a network selection strategy under
heterogeneous network environments, which considered
both user satisfaction and transmission efficiency under the
premise of satisfying certain delay requirements. +e ex-
perimental results showed that the proposed strategy could
not only ensure user satisfaction but also resulted in more
efficient use of communication resources. +erefore, it
solved the problem of optimal scheduling of different
services to IoV terminals in heterogeneous network
environments.

+e proposed strategy has certain reference values for
the access selection algorithm based on multiple factors. In
order to solve the problem of network selection in het-
erogeneous network environments more effectively and
efficiently, other decision factors such as energy consump-
tion, throughput, and packet loss rate will be considered in
future research.

Appendix

A. Proof of Theorem 1

Here, we use mathematical methods to prove that the sat-
isfaction experience is a twice differentiable monotonic
convex function.

For the following function,

y(x) �
ln(1 + βx)

ln(1 + β)
, β≥ 0, x≥ 0, (A.1)

the first derivative is

y′(x) �
β

[ln(1 + β)](1 + βx)
> 0. (A.2)

+erefore, the function is monotonic.
According to equation (A.2), the second derivative is

y″(x) �
β

ln(1 + β)
·

− β2

1 + βx

�
− β3

[ln(1 + β)](1 + β)
2 < 0.

(A.3)

Based on (A.3), we can observe that the experience
satisfaction function of equation (A.1) is twice differentiable
and concave. +erefore, we choose the above function as a
model utility function. +e simulation results are shown in
Figure 2.

+e proof is concluded.

B. Proof of Theorem 2

For the following function,
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Figure 4: Relationship diagram of utility function values in dif-
ferent network environments.
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Figure 5: Comparison of utility satisfaction function values for
different network selection strategies.
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Ce,RFC � −
1
θ
ln

N0B

p
e

N0B/p
EA

N0B

p
  , (B.1)

the first and second derivatives are shown in (B.2) and (B.3),
respectively. +erefore, equation (B.1) is a concave function
of p for Rayleigh fading channels.

+e proof is concluded.

Ce,RFC′(p) � −
N0B

θp
2 −

1
θp

+
N0B

θp
2 ·

EA− 1 N0B/p 

EA N0B/p 
, (B.2)

Ce,RFC″(p) �
e

− 2N0B/p( )p − e
− N0B/p( ) N0B +(2 − A)p( EA N0B/p  − 2N0B + Ap( EA N0B/p 

2

θp
3
EA N0B/p 

2 ≤ 0. (B.3)
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