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Abstract. Wireless ad hoc network (WANET) is self-conﬁgured networking. It
does not rely on pre-existing routers or access points. Mobile ad hoc network
(MANET) is an application of WANET where mobile devices are connected
wirelessly without any infrastructure. Such networks are either considered as
truly connected, not connected and may disconnected due to noise in network or
some other uncertainty in connectivity. In this case, characterizing the truth,
indeterminacy and falsity information communicated in the mobile network is
difﬁcult while utilizing the traditional mathematical set theories. To resolve this
issue, in current paper authors’ focus on estimating information processing in
MANET via mathematics algebra of Single-Valued Neutrosophic Set (SVNS).
In addition, an example is given for better understanding of MANET in the
neutrosophic environment.
Keywords: Neutrosophic sets
Low-medium-high estimations

 WANET  MANET  Network connection 

1 Introduction
Wireless ad hoc network (WANET) is a decentralized network which works without
access points as compared to ordinary networks having an access point or router for
their performance. WANET is further classiﬁed in MANET [1], VANET [2], smart
phones ad hoc networks [3], army, air force, navy ad hoc networks [4–6], disaster
rescue and hospital ad hoc networks [7, 8] etc.
© Springer Nature Switzerland AG 2019
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A mobile ad hoc network (MANET) is wireless ad hoc network and it is incessantly
self-conﬁguring, infrastructure-less net of mobile devices. All node in a MANET can
be dynamic or autonomously moves in different direction and alter the connectivity
with distinct nodes regularly. Each of the node used to promote trafﬁc unconnected to
its own use, and therefore be a router. The most important challenge in building a
MANET is equipping each device to constantly maintain the information required to
properly route trafﬁc [9].
There are many protocols which are related to this work one can refer to [10–12].
The growth of laptops and 802.11/Wi-Fi wireless networking has made MANETs a
popular research topic since the mid-1990s. Similarly, the smart phone technology has
made the MANET more popular since 2016 with high speed even for a common man.
Even now a day’s all members are using smart phone in that they use networks in
travels from one place to another places. In that sometimes network connection signals
are good or sometimes it’s disconnected. This one explains clearly using fuzzy system
but sometimes signals are appear while the data transformation contains uncertainty,
which cannot be represented precisely using unipolar fuzzy environment. It used to
become more complex when the given information contains acceptation, rejection and
uncertain part based on information sent. In this case traditional fuzzy set cannot
represent these information of MANET. Due to which, authors aimed at neutrosophic
logic based MANET network information processing at given threshold.
Smarandache [13, 14] developed the mathematics of neutrosophic set (NS) as
generalization of conventional fuzzy set (FS) [15] for handling the uncertainty in a
better way. Single-valued neutrosophic set (SVNS for short) is proposed by Wang et al.
[16] which is a discrete form of NS theory. So far, SVNSs have been applied extensively to different real-life challenges to measure the information based on three-way
decision space [17–19] and its dynamic changes [20]. The single valued neutrosophic
sets and their hybrid are applied on graph theory [21–28]. One of the suitable example
is information communication through WIFI network is also based on three-way
decision space. Many times the user unable to know the information is truly reached,
not reached or uncertain. At moment, there is no mathematical model, which can
precisely represent this scenario of information processing in WIFI network. To fulﬁl
the objective, the current paper focuses on introducing the properties of single-valued
neutrosophic set in MANET. The motivation is to ﬁnd the conﬁrmed, unconﬁrmed as
well as uncertain information communicated in the MANET at user deﬁned threshold.
To accomplish this task, a mathematical model based on single-valued neutrosophic set
and its logic is established in this paper. The article also described different situations of
MANETs and its modelling at user deﬁned threshold values. To analyze the sent,
received, unreceived and uncertain information in the given WIFI connection. The
obtained results are also compared with recently available approaches.

2 Single Valued Neutrosophic Sets
This section provides some basic notation about Single valued neutrosophic set as
given below:
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For a space X of objects, a SVNSs is of the form A ¼ fx; hT ð xÞ; I ð xÞ; F ð xÞi : x2X g
where T; I; F : X ! ½0; 1 denote the truth, indeterminacy and falsity membership
degrees respectively and 0  T ð xÞ þ I ð xÞ þ F ð xÞ  3. An ordinary FS describe fuzziness
only by membership T whereas IFS [29] describe uncertainty with membership T as well
as non-membership F under a constraint 0  T þ F  1 with uncertainty factor
p ¼ 1  T  F. SVNS on the other hand describe not only membership and nonmembership grades but also discussed indeterminacy degree I independently, with a
condition that 0  T þ I þ F  3. Hence, the concept of SVNS is more general than the
existing tools and has the capability of dealing with uncertainty based on their acceptation, rejection and uncertain part more precisely in three-way decision space [0, 1]3.
Let us consider a universal set region R is given, one of the neutrosophic geometrical interpretation is shown using the Fig. 1. The diversity of SVNS and IFS is
illustrated in the Figs. 1 and 2 to understand their graphical comparison. The space of
SVNS is described geometrically and SVN region is shown in Fig. 1 while the space of
IFS is presented in Fig. 2.

Fig. 1. An understanding of three distinct regions using neutrosophic cube

Fig. 2. Intuitionistic fuzzy space

In MANET, there are three types of regions. One region is where receiver received
all the information without any disruption due to shadowing, path loss or multi-path
propagation. The second region is where the receiver may receive data sometime but
could not receive at other time i.e. there are some sort of fluctuations in receiving data
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due to above mentioned reasons like shadowing etc. The third region is no coverage
area i.e. receiver did not receive any information. These three regions are independent
to each other and can be precisely characterized via properties of neutrosophic set as
shown in Fig. 1. The IFS does not allow representing the uncertainty independently
when compared to neutrosophic set which can be observed from Fig. 2. Hence, the
mathematical paradigm of SVNN to deal with information processing in WIFI connection as shown in Fig. 3. It can be observed that the ﬁrst region exists inside the
network; second region is indeterminate or uncertain whereas the third region exists
outside of the network which is also popularly known as out-off coverage area as
shown in the Fig. 3 in context of MANET.

Fig. 3. Communication areas according to MANET

The proposed method in this paper establishes following three-distinct regions for
information processing in MANET based on Fig. 3:
Area-I is inside of the MANET, which is the truth or acceptation membership
region for the sent information.
Area-II is in between Area-I and Area-III of the MANET represents the information which are not reached and uncertain. It can be represented as indeterminacy
region of a deﬁned SVNS.
Area-III is outside of the MANET which is the non-membership region which is
also well known as out-off coverage area. It can be represented by falsity membershipvalue for the deﬁned SVNS.

3 Estimation for Information Transformation of MANET
by Using CRC-16
Traditionally the information processing and its estimation based on Cyclic Redundancy Check (CRC). In which, the initial message was used to converted into series of
bytes and register then ﬁnal out puts check different parameters width, poly serial order
register and receiver then only send the data from one node to another node. During the
transformation of the data via MANET, there are three possibilities.
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1. The sent data is conﬁrmed that the receiver has received it. This information can be
considered as truth membership.
2. The data is transmitted but no conﬁrmation from the other end. This information can
be considered as false membership.
3. At this situation, it is sure that the data cannot be reached. This information can be
considered as indeterminacy membership.
The above three cases estimate the rate of the good connection (U), the non- good
connection (V) and uncertain connection (I) of the information obtained in the
MANET. It will be helpful in analyzing the intelligent of MANETs network by considering the information processing as one of the parameters. This information is
represented by triplet (U, I, V) of real numbers from the neutrosophic set deﬁned in
three-way decision space [0, 1]3.
It can be observed that the uncertain information in the MANET used to exist due
to indeterminate or uncertain error exists in the obtained information. It means that the
uncertainty connection contains the transformation of data is coming with wrong CRC.
Everywhere the triplet (U, I, V) has been deﬁned in the neutrosophic sets as deﬁned
above.
All the ﬁelds in the protocol are protected with the CRC-16 frame check sequence
(FCS). For more details about CRC-16, the readers can see the ref. [10–12, 30, 31].
Initially when no information is obtained all values become (0, 0, 0) in Fig. 4. In
case, k  0; the current ðk þ 1Þth estimation can be calculated based on previous
estimations using the recurrence relation.

Fig. 4. Model of working CRC-16

ðUk þ 1 ; Ik þ 1 ; Vk þ 1 Þ ¼



U k k þ p Ik k þ q V k k þ r
kþ1 ; kþ1 ; kþ1



where ðUk ; Ik ; Vk Þ is the previous

estimation, and ðp; q; r Þ is the estimation of the latest message, for p; q; r2½0; 1 and
0  p þ q þ r  3. In this way, ﬁnal estimation of information can be computed. To
achieve this goal, the proposed method considers following threshold values for the
U; I and V as follows:
U ðp þ ; pÞ; I ðq þ ; qÞ; V ðr þ ; rÞ
If U  p þ ; I  q; V  r, then the data is transformation received is conﬁrmed.
If U  p; I  q þ ; V  r, then the data is transformation received is uncertain.
If U  p; I  q; V  r þ , then the data is transformation not received is conﬁrm.
In rest of the cases, the received data may be incorrect which may contain wrong
CRC. It should be noted that the proposed method utilizes the properties of CRC only
for checking the error. The following are the steps for the proposal:

410

S. Broumi et al.

Step 1. Initially when still no information has been obtained, all estimations are
given initial values of (0, 0, 0).
Step 2. Characterize the truly conﬁrmed information, uncertain information and
rejected information as the previous estimation ðU; I; V Þ about sent information.
Step 3. The current ðk þ 1Þth estimation is calculated based on the previous estimations according to the recurrence relation.
ðUk þ 1 ; Ik þ 1 ; Vk þ 1 Þ ¼



U k k þ p Ik k þ q V k k þ r
;
;
kþ1
kþ1 kþ1

Step 4. Deﬁne the threshold value to ﬁnd the reliability of given WIFI network as
follows U ðp þ ; pÞ; I ðq þ ; qÞ; V ðr þ ; rÞ.
Step 6. If U  p þ ; I  q; V  r.
It shows that acceptance rate of sent information crossed the threshold of deﬁned its
truth, indeterminacy and falsity values. Hence, in this case the data transformation and
received is conﬁrmed.
Step 7. If U  p; I  q þ ; V  r.
It shows that truth membership-values about the sent information is less than the
given threshold, the indeterminacy about them is maximum from the deﬁned threshold,
whereas the falsity values is less than the given threshold. It means the data transformation and received is indeterminate or uncertain.
Step 8. If U  p; I  q; V  r þ .
It shows that the truth and indeterminacy values about the sent information is less
than the given threshold whereas the falsity values is more than the deﬁned threshold.
In this case, the data transformation is conﬁrmed as not received.
Step 9. The most interesting part about the proposed method is that it provides
flexibility to reﬁne or coarser the given information for analysis of deﬁned WI-FI
network.
Step 10. The obtained neutrosophic values provide an information that how much
data can be sent, rejected or uncertain while choosing the given network as its reliability. This can be decided totally based on user required threshold values.
Above proposals shows that the neutrosophic set gives more general way to deal
with indeterminacy in WIFI connection when compared to intuitionistic fuzzy sets [32].
In the same time, it uses the threshold value for precise measurement of path based on
user requirement which concordant with [18]. However, the proposed method is unable
to provide any analysis when the dynamic changes happens in the given MANET at the
particular interval of time. It means the proposed method unable to process the
information when the observed mobile network in different areas, or even we are
traveling which will be our future research.

4 Conclusion
This paper aimed at precise mathematical representation of Wi-Fi connection and its
quality based on neutrosophic logic. One of the proposition is also introduced based on
previous ðUk ; Ik ; Vk Þ, and latest message ðp; q; r Þ estimation where p; q; r2½0; 1 and
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0  p þ q þ r  3. Moreover, the neutrosophic logic based estimation is introduced
based on deﬁned threshold values on previous ðUk ; Ik ; Vk Þ and sent information
ðp; q; r Þ. Hence, the introduced method in this paper helps more precisely towards
quality analysis of MANET in term of information transformation characterized by its
acceptation, rejection and uncertain part. In near future, we will focus on introducing a
real life example to extract some useful information using the proposed method and its
applications in various ﬁelds for providing an intelligent MANET.
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