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Abstract: The newly identified Coronavirus pneumonia, subsequently termed COVID-19, is highly
transmittable and pathogenic with no clinically approved antiviral drug or vaccine available for
treatment. Technological developments like edge computing, fog computing, Internet of Things
(IoT), and Big Data have gained importance due to their robustness and ability to provide diverse
response characteristics based on target application. In this paper, we present a novel Health-Fog
framework universal system to automatically assist the early diagnosis, treatment, and preventive
of people with COVID-19 in an efficient manner. Achieving an empirical of the proposed framework
which mix between deep learning and Neutrosophic classifiers in the task of classifying COVID-19.
There are some proposed applications based on the proposed COVID-X framework such as smart
mask, smart medical suit, safe spacer, and Medical Mobile Learning (MML) will be presented.
Computer-aided diagnosis systems could assist in the early detection of COVID-19 abnormalities
and help to monitor the progression of the disease, potentially reduce mortality rates.

Keywords: Coronavirus Pneumonia; COVID-19; Intelligent Medical System; Fog Computing; Health-Fog;
Neutrosophic; Deep Learning; Computer-Aided Diagnosis.

1. Introduction

The Coronavirus disease 2019-2020 pandemic (COVID-19) poses unprecedented challenges for
governments and societies around the world. In addition to medical measures, non-pharmaceutical
measures have proven to be critical for delaying and containing the spread of the virus. This includes
(aggressive) testing and tracing, bans on large gatherings, school and university closures,
international and domestic mobility restrictions and physical isolation, up to total lockdowns of
regions and countries. However, effective and rapid decision-making during all stages of the
pandemic requires reliable and timely data not only about infections, but also about human behavior,
especially on mobility and physical co-presence of people [1]. There are growing privacy concerns
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about the ways governments use data to respond to the COVID-19 crisis. As new technologies emerge
that aim to collect, disseminate and use data in order to support the fight against COVID-19, we need
to ensure they respect ethical best practices. Even in times of crisis, we need to comply with data
privacy regulations and ensure that the data is used ethically. One way to do that is to establish
independent ethical committees or data trusts. Their role will be to create data governance
mechanisms to find the balance between competing public interests, while protecting individual
privacy. Examples of such rules include setting up clear guidelines on the purpose and timeline for
the use of the data, defining clear processes for the access, processing and termination of use of
personal data at the end of the crisis. Tracking a patient from symptoms, lab results and treatments
can help a hospital understand how a disease is progressing through a community, how effective
treatments are and what isn’t working [2].

Technological developments like edge computing, fog computing, Internet of Things (IoT), and
Big Data have gained importance due to their robustness and ability to provide diverse response
characteristics based on target application. These emerging technologies provide storage,
computation, and communication to edge devices, which facilitate and enhance mobility, privacy,
security, low latency, and network bandwidth so that fog computing can perfectly match latency-
sensitive or real-time applications [3]. Healthcare is one of the prominent application areas that
requires accurate and real-time results, and people have introduced Fog Computing in this field
which leads to a positive progress. With Fog computing, we bring the resources closer to the users
thus decreasing the latency and thereby increasing the safety measure. Getting quicker results implies
fast actions for critical COVID- 19 patients. But faster delivery of results is not enough as with such
delicate data we cannot compromise with the accuracy of the result [4]. One way to obtain high
accuracies is by using state-of-the-art analysis software typically those that employ deep learning and
their variants trained on a large dataset. Deep learning techniques showed in the last years promising
results to accomplish radiological tasks by automatic analyzing multimodal medical images [5]. Deep
convolutional neural networks (DCNNs) are one of the powerful deep learning architectures and
have been widely applied in many practical applications such as pattern recognition and image
classification in an intuitive way [6]. DCNNs are able to handle four manners as follow [7]: 1) training
the neural network weights on very large available datasets; 2) fine-tuning the network weights of a
pre-trained DCNN based on small datasets; 3) Applying unsupervised pre-training to initialize the
network weights before putting DCNN models in an application; and 4) using pre-trained DCNN is
also called an off-the-shelf CNN being used as a feature extractor. Convolutional neural networks are
sensitive to unknown noisy condition in the test phase and so their performance degrades for the
noisy data classification task including noisy recognition. In this research, a convolutional neural
network (CNN) model with data uncertainty handling; referred as NCNN (Neutrosophic
Convolutional Neural Network); is proposed for classification task. The Neutrosophic is a new view
of Modeling , designed to effectively deal underlying doubts in the real world, as it came to replace
binary logic that recognized right and wrong by introducing a third neutral case which could be
interpreted as non-specific or uncertain. Founded by Florentin Smarandache [8], he presented it in
1999 as a generalization of fuzzy logic. As an extension of this, A. A. Salama introduced the
Neutrosophic crisp sets Theory as a generalization of crisp sets theory [9] and developed, inserted
and formulated new concepts in the fields of mathematics, statistics, and computer science and
information systems through Neutrosophic [10-12]. Neutrosophic has grown significantly in recent
years through its application in measurement, sets and graphs and in many scientific and practical
fields [13- 17].
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In this work, a proposed novel COVID- X framework was developed as universal Health-Fog
system for automatic diagnosis, treatment, and preventive of people with COVID-19 in an efficient
manner using deep learning, Neutrosophic and IoT. Health-Fog provides healthcare as a fog service
and efficiently manages the data of COVID-19 patients which is coming from different IoT devices.
Health-Fog provides this service by using the proposed framework and demonstrates application
enablement and engineering simplicity for leveraging fog resources to achieve the same.

In the following, the contributions of this paper are summarized:

¢ Building altogether a novel framework universal system to automatically assist the early

diagnosis, treatment, and preventive of people with COVID-19 in an efficient manner.

e Proposed a generic system architecture for development of ensemble NCNN on fog

computing

e Achieving an empirical of the proposed framework which mix between deep learning and

Neutrosophic classifiers in the task of classifying COVID-19.

e The proposed COVID-X framework supports interdisciplinary researchers to continue

developing advanced artificial intelligence techniques to fight the COVID-19 outbreak.

e This study demonstrated the useful applications of deep learning models to classify COVID-

19 based on the proposed COVID-X framework such as smart mask, smart medical suit, safe
spacer, and Medical Mobile Learning (MML). These applications are the next milestone of
this research work.

The rest of this paper is structured as follows. Section 2 presents the related works. Section 3
gives a review on the state-of-the-art deep convolutional neural network models as image classifiers.
Also, a detailed description of the COVIDX-Net framework is presented. Experimental results and
comparative performance of the proposed deep learning classifiers are investigated and discussed in
section 4. Finally, limitations and this study is concluded with the main prospects in sections 4, 5.

2. Related Work

Some studies have shown the use of imaging techniques such as X-rays or Computed
Tomography (CT-scans) for finding characteristic symptoms of the novel corona virus in these
imaging techniques. Hemdan et al. [18] developed a deep learning framework, COVIDX-Net, to
diagnose COVID- 19 in X-Ray Images. A comparative study of different deep learning architectures
including VGG19, DenseNet201, ResNetV2, InceptionV3, InceptionResNetV2, Xception and
MobileNetV2 is provided by authors. Barstugan et al. [19] proposed a machine learning approach for
COVID-19 classification from CT images. Kassani et al. [20] presented a feature extractor-based deep
learning and machine learning classifier approach for computer-aided diagnosis (CAD) of COVID-
19 pneumonia. Loey et al. [21] presented a detection model based on GAN network with deep transfer
learning for COVID-19 detection in limited chest X-ray images. Table 1 compares the proposed model
(HealthFog) with existing models. Recent studies suggest the use of chest radiography in the
epidemic areas for the initial screening of COVID-19 [22]. Therefore, the screening of radiography
images can be used as an alternate to the PCR method, which exhibit higher sensitivity in some cases
[23]. Nevertheless, the main bottleneck that the radiologists experience in analyzing radiography
images is the visual scanning of the subtle insights. This entails the use of intelligent approaches that
can automatically extract useful insights from the chest X-rays those are characteristics of COVID-19.
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Table 1: Comparison of existing models

F D Health
Work 8 ) IoT Neutrosophic ee.p Dataset Diagnosis ea.t c.are
Computing Learning applications
Hemdan v v v
etal. [18]
Barstugan v v v
etal. [19]
Kassani et v v v
al. [20]
Loey et al. v v v v
[21]
Proposed v v v v v v v
work

3. Proposed COVID_X Description framework

Fog and Cloud computing paradigms have emerged as a backbone of modern economy and
utilize Internet to provide on-demand services to users [24]. Both of these domains have captured
significant attention of industries and academia. In this section will proposed a new deep learning
framework for automatically identifying the status of COVID-19 extend support to emerging
application paradigms such as IoT, Fog computing, Edge, and Big Data through service and
infrastructure. The data generated from Things layer can vary in size, for instance, the data sent from
sensors. The diversity in data packages size influence the behavior of Fog node during the processing
event, thus, data packages will require more time to process than light data packages. Therefore, in
the proposed model, there is a distinction processing tasks. In addition, the fog nodes were adopted
collaboration framework to achieve the minimal request processing time for heavy data packages. In
Figure 1 the collaboration concept was elaborated and the distinction different processing tasks
received from Things layer. In addition, in this framework the advance approach was adopted to
identify the suitable treatment process, such as, Fog reputation to process specific type of data (e.g.,
health data).
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Figure 1. Proposed framework universal system for confrontation covid-19

3.1 Edge Layer:

The edge layer (perception layer), is the starting point of the IoT structure where data is been
generated. This layer contains the networked Things (i.e., wireless sensors) such as heart-rate, blood-
oxygen and etc, which operate to feed the system with patient symptoms data. Each Thing
device/object in this layer is facilitated with communication protocol (such as IEEE 802.15.4, WiFi,
Bluetooth, MQTT, and etc.) in which permit the Thing node to transmit the generated data to Fog
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nodes over the IoT network. In our proposed architecture, A TN denoted by T, is defined as a six-
tuple: T = ( Ty, T, 7: , £, 3, T[q] ) where, Ty is an integer representing the unique ID of the TN,
Ts; = {0,1}, defines whether the node is in active state or not, (r;) indicates the type of event that a
node senses. (£) is refer to the geo-spatial location of a TN. (¥) is represented the specifications of an
edge device. J[q] is a linear data structure, such as a 1-D array (with q elements) that stores the
instance IDs of the application instances running on the device. These tuples are essential to represent
the Thing node over the IoT network.

3.1.1 Thermal Screen

The smart helmet can also detect high body’s temperature in the crowds and send the measured
data to be displayed on a phone application. Smart Helmet system work is presented in Figure 2. As
the high body temperature of people is one of the very common symptoms, a real time monitoring
system of the screening process that automatically appearing the thermal image of temperature of
people is needed. So, the diagnosis of the screening process will be less time consuming and less
human interactions that might cause the spreading of the coronavirus faster. It can be concluded that
the remote sensing procedures, which provide an assortment of ways to identify, sense, and
monitoring of coronavirus, give an awesome promise and potential in order to fulfil the demands
from the healthcare system [25].

Figure 2. Smart Helmet system work

3.1.2 Sensing Node

Smart City and Intelligent Transportation System (ITS) as shown in Figure 3 offer a futuristic
vision of smart, secure and safe experience to the end user, and at the same time efficiently manage
the sparse resources and optimize the efficiency of city operations. However, outbreaks and
pandemics like COVID-19 have revealed limitations of the existing deployments, therefore,
architecture, applications and technology systems need to be developed for swift and timely
enforcement of guidelines, rules and government orders to contain such future outbreaks. The
proposed architecture and Al assisted applications discussed in the article can be used to effectively
and timely enforce social distancing community measures, and optimize the use of resources in
critical situations. It offers a conceptual overview and serves as a steppingstone to extensive research
and deployment of automated data driven technologies in smart city and intelligent transportation
systems [26].
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Figure 3. Smart City and ITS Architecture.

3.1.3 Smart Mask

Smart mask can be developed that can record air quality among other features. The Smart Mask
is more than your average face mask, as its name suggests. Figure 4 shows the proposed Smart Mask,
can record air quality information thanks to various sensors and electronics. Additionally, it can
inform wearers of possible changes in lung capacity. While this may prove useful in areas of poor air
quality,

Figure 4. The proposed Smart Mask

Specifications; Type: Head-mounted, rated voltage: DC 5V, rated power: 0.4W, Charging time:
2 hours Standby time: 5~8 hours, Filtering effect: 95%, Protection level: KN95, Function: Dustproof,
anti-haze, anti-pollen, anti-tail gas, etc. Feature; Unique ventilation design, a plurality of holes,
excellent permeability, Exhale, the valve is opened without resistance, air breathing valve, air
resistance is smaller, smooth breathing, uses efficient and low-resistance filter material, combined
with the smart electric air supply module to provide fresh air into the mask. The edge is protected by
3D sponge for effective sealing. best protection: The allergy mask separation of 98% of the dust,
chemicals, smoke and particles, it can be used for dust, anti-vehicle exhaust, anti-pollen allergy,
PM2.5, for cycling, hiking, skiing and other outdoor activities. High-performance breathing valve
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that reduces heat and moisture build-up for smoother breathing. Built-in adjustable nose clip for a
good fit and comfort with the face. Charge once for 5~8-hour endurance to ensure commuting. KN95
industrial safety protection level. Low noise.one mask can be used for 5-8 days. Can be reused and
Comfortable ear band made of soft cotton, easy to wear and remove ear loop design.

3.1.4 Smart Medical Suit

The nature of Health care workers job puts them health care at an increased risk of catching any
communicable disease, including COVID-19. Where they spend a lot of time up close with the patient
doing high risk activities, those high-risk activities include things like placing patients on ventilators
or collecting samples of sputum from their lungs. That’s why it’s so important that they achieve the
highest level of protective equipment. The proposed smart medical suits is showed in Figure 5.

F igure 5. The proposed Smart Medical Suit.

3.1.5 Mobile App.

The new MobileDetect COVID-19 test kit in Figure 6 was planned to launch in April 2020. The
currently available free MobileDetect App for Apple and Android smartphone and tablet platforms
will be updated with the additional COVID-19 testing capability upon launch. Due to the novel
design incorporating simplistic operation along with credible field-testing capability, the COVID-19
test kits can be used by federal, state, local response, medical agencies and are also planned to be
available to the general public [27].

Figure 6. MobileDetect Application.
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3.1.6 X-ray and CT Images

Medical imaging is also playing a critical in monitoring the progression of the disease and
patient care. Extracting features from radiology modalities is an essential step in training machine
learning models since the model performance directly depends on the quality of extracted features.
Figure 7. Illustrates the visual features extracted by VGGNet architecture from an X-ray image of a
COVID-19 positive patient. Motivated by the success of deep learning models in computer vision,
the focus of this research is to provide an extensive comprehensive study on the classification of
COVID-19 pneumonia in chest X-ray and CT imaging using features extracted by the state-of-the-art
deep CNN architectures and trained on machine learning algorithms [20].

Figure 7. Framework of the method with VGGNet as feature extractor.

3.1.7 Community Acquired Pneumonia on Chest CT

In this study, a 3D deep learning framework was proposed for the detection of COVID-19 as
shown in Figure 8. This framework is able to extract both 2D local and 3D global representative
features. Deep learning has achieved superior performance in the field of radiology. RT-PCR is
considered as the reference standard; however, it has been reported that chest CT could be used as a
reliable and rapid approach for screening of COVID-19 [28]

Figure 8. COVID-19 detection neural network (COVNet) architecture.
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3.2 Fog Layer:

The Fog layer contains number of decentralized nodes in each given location. This layer handles
the primary refining, compute, and processing of data generated in the Things layer. Fog nodes aim
to improve efficiency of IoT applications, thus, Fog has the potential to reduce the amount of data
transmitted to the Cloud layer and minimizing the requests-response time for IoT applications. This
is often required to enhance the Quality of Service (QoS), such as reducing latency and improve
network bandwidth. For example, in reference to our scenario the Fog will receive patient’s data from
their wearable, analyze the data according to predetermined artificial intelligent training, and make
outcome available to caregiver over the dashboard and notify cloud with outcome for complex
analysis.

3.2.1 Data pre-processing

Covid-19 tested data e.g. the images within the dataset were collected from multiple imaging
clinics with different equipment and image acquisition parameters; therefore, considerable variations
exist in images' intensity. The proposed method in this study avoids extensive pre-processing steps
to improve the generalization ability of the convolution neural network (CNN) architecture. This
helps to make the model more robust to noise, artifacts and variations in input images during feature
extraction phase. Hence, we only employed two standard pre-processing steps in training deep
learning models to optimize the training process [29].

3.2.2 Neutrosophic Classifier

Neutrosophic classifier: a classifier that would use Neutrosophic logic principles and
Neutrosophic sets for the classification. Neutrosophic classifier incorporates a simple, Neutrosophic
rule based approach like: IF X and Y THEN Z, for solving problem rather than attempting to model
a system mathematically similar to fuzzy classifier [30]. Designing of Neutrosophic classification
inference system using fuzzy methodology is based on the principles of Mamdani fuzzy inference
method [25]. Figure 9 gives the block diagram representation of a Neutrosophic classification system
using fuzzy logic toolbox of Matlab. Values of T, I and F Neutrosophic components are independent
of each other. So using fuzzy logic toolbox of Matlab, three FIS have been designed: one for
Neutrosophic truth component, second for Neutrosophic indeterminacy component and third for
Neutrosophic falsity component. Though the working of these components are independent of each
other but a correlation is drawn between membership functions of Neutrosophic T, I and F
components so as to capture the truthness, indeterminacy and falsity of the input as well as the
output.
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Figure 9. Block diagram for a Neutrosophic components

Neutrosophic Rule-based Classification System (NRCS) which is a rule based system where
Neutrosophic logic is used as a tool for representing different forms of knowledge about the problem
at hand, as well as for modeling the interactions and relationships that exist between its variables
[23]. The generic structure of a NRCSs shown in Figure 10.

Figure 10. Basic structure of a Neutrosophic Rule-Based Classification System

Let U be a universe of discourse and W is a set in U which composed of bright pixels. A
Neutrosophic images Py is characterized by three sub sets T, I, and F. that can be defined as T is the
degree of membership, I is the degree of indeterminacy, and F is the degree of non-membership. In
the image, a pixel P in the image is described as P(T,LF) that belongs to W by its t% is true in the
bright pixel, i% is the indeterminate and % is false where t varies in T, i varies in I, and f varies in F.
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The pixelp(i,j)in the image domain, is transformed to

NDPys(i,j) ={T (0, ), 1)), F(i, )} M

Where belongs to white set, belongs to indeterminate set and belongs to non-white set. Which can be
defined as [31]:

Pusi ) = (TG, F G ) @
7o) = LoD ©
1G,)=1- % @
R =1-TG.)) ®
Hy(i)) = abs(9(i.)) — 9 ) ©

Where g(1,)) represents the local mean value of the pixels of window size, and H,(i,j) which
can be defined as the homogeneity value of T at (i,j), that described by the absolute value of difference
between intensity g(i,j) and its local mean value g(,J).

The Content Based Image Retrieval (CBIR) goal is to retrieve images relevant to a query images
which selected by a user. The image in CBIR is described by extracted low-level visual features, such
as color, texture and shape. Retrieval System for images embedded in the Neutrosophic domain. In
this first phase, extract a set of features to represent the content of each image in the training database.
In the second phase, a similarity measurement is used to determine the distance between the image
under consideration (query image), and each image in the training database, using their feature
vectors constructed in the first phase. Hence, the N most similar images are retrieved. Several
distance metrics were suggested for both content and texture image retrieval, respectively. In this
paper, we are using a Neutrosophic version of the Euclidean distance, which was presented in [31].
For any two Neutrosophic Sets, the Content Based Image Retrieval (CBIR) goal is to retrieve images
relevant to a query images which selected by a user. The image in CBIR is described by extracted
low-level visual features, such as color, texture and shape. Retrieval System for images embedded in
the Neutrosophic domain. In this first phase, extract a set of features to represent the content of each
image in the training database. In the second phase, a similarity measurement is used to determine
the distance between the image under consideration (query image), and each image in the training
database, using their feature vectors constructed in the first phase. Hence, the N most similar images
are retrieved. Several distance metrics were suggested for both content and texture image retrieval,
respectively. In this paper, we are using a Neutrosophic version of the Euclidean distance, which was
presented in [31]. For any two Neutrosophic Sets,

A ={T,(x),14(x), F4(x)), x € U} and @)
B = {Tp(x), I5(x), Fy(x)),x € U} in 8)
U = {uy, u,, us, ..., u,} then )
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The Neutrosophic Euclidean distance is equal to

d(4,B) = JZ;((TA(xi) ~ Ty + (a0 — I ()2 + ((Fax) — F ()2 (10)

1

Figure 11. Neutrosophic COVID-19 image classifier Architecture

The algorithm for the proposed system is given below which presented in Figure 11:

L e

6.

Convert each image in the database from spatial domain to Neutrosophic domain.
Create a database containing various COVID-19.

Extract Texture feature of COVID-19 in the database.

Construct a combined feature vector for T, I, F and Stored in another database called
Featured Database.

Find the distance between feature vectors of query COVID-19 and that of featured
databases.

Sort the distance and Retrieve the N-top most similar.

The RNN structure replaces the traditional neuron by two neurons (lower neuron, upper neuron) to

represent lower and upper approximations of each attribute in the CTG data set, its structure formed

from 4 layers input, 2 hidden and output layers. The hidden layers have rough neurons, which
overlap and exchange information between each other, While the input and output layers consists of
traditional neurons as in Figure 12 [32].
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Figure 12. Rough Neural Network (RNN) structure.

Input layer is composed of neuron for each data attribute. The output layer represents the three

FHR classes, the hidden layers rough neurons are determined by the Baum-Haussler rule [33].

N X Te

N, =
"N+ N,

(11)

Where N, is the number of hidden neurons, N, is the number of training samples, Te is the
tolerance error, N; is the number of inputs (attributes or features), and N, is the number of the
output.During training process, the normalized input data is multiplied by its weight and computed
in sigmoid activation function.

Step II: Training phase

1.

= 12
f6) = T 12)
Initialize random (upper, lower) weights of network
Feed forward of attribute values and multiply in both direction (Uw, Lw)
Compute (IU, IL) of hidden layers by relations:
n
I = WinjOnj (13)
Jj=1
n
Iyn = ]_1WUnj0nj (14)

Compute (OU, OL) of hidden layers by relations:
On = Min(f (L), f (Iyn)) (15)

Check fetus according to comparing between actual output (T) and output value (O),
where output represent by

0= OLTl + OUTL (16)
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6. If output is error, then use back propagation algorithm, and compute error.
A=T -0 (17)
7. Update (upper, lower) weights of network by derivation of activation function:
New weight = old weight + (A * n *derivative* activation of (input)) (18)

where 1) is learning rate of model

8. Repeat 5, 6, 7, 8 and 8.1 until reduction error as possible as.

Step III: Testing phase Classify new sample of objects and determine the accuracy rate of the
model by using relation Accuracy = 1-absolute error, also calculate time consumption in model
processing. The proposed model for neutrosophic algorithms and source codes based on the works
presented in [34-37] and others.

3.2.3 Classification Performance Analysis

In order to evaluate the performance for each deep learning model in the COVID-X, different
metrics have been applied in this study to measure the true and/or misclassification of diagnosed
COVID-19 in the tested X-ray images as follow. First, the cross validation estimator was used and
resulted in a confusion matrix as illustrated in Table 2. The confusion matrix has four expected
outcomes as follows. True Positive (TP) is a number of anomalies and has been identified with the
right diagnosis. True Negative (TN) is an incorrectly measured number of regular instances. False
Positive (FP) is a collection of regular instances that are classified as an anomaly diagnosis FP. False
Negative (FN) is a list of anomalies observed as an ordinary diagnosis [18].

Table 2. Confusion Matrix.

Predicted Positive Predicted Negative
Actual Positive True Positive (TP) False Negative (FN)
Actual Negative False Positive (FP) True Negative (TN)

After calculating the values of possible outcomes in the confusion matrix, the following performance metrics

can be calculated.

A) Accuracy: Accuracy is the most important metric for the results of our deep learning classifiers, as given
in (1). It is simply the summation of true positives and true negatives divided by the total values of
confusion matrix components. The most reliable model is the best but it is important to ensure that there
are symmetrical datasets with almost equal false positive values and false adverse values. Therefore, the
above components of the confusion matrix must be calculated to assess the classification quality of our
proposed COVIDX-Net framework.

TP +TN
Accuracy(%) = TP Y FP T TN T FN 100% (19)

B) Precision: Precision is represented in (2) to give relationship between the true positive predicted values

and full positive predicted values.

Precision = e 20)
recision = TP T FP (
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C) Recall: In (3), recall or sensitivity is the ratio between the true positive values of prediction and the
summation of predicted true positive values and predicted false negative values.

Recall = — 21
A= TP FN 1)

D) F1-score: Fl-score is an overall measure of the model’s accuracy that combines precision and recall, as
represented in (4). Fl-score is the twice of the ratio between the multiplication to the summation of

precision and recall metrics.

F1 _ Precision X Recall 22)
—score = (Precision + Recall)

3.3 Cloud Layer:

Cloud or data-centres layer is the top layer of the IoT architecture in which enabling
omnipresent, convenient, and proper network access to shared resources (e.g., storage, and services)
over the IoT network. Thus, Cloud perform the heavy services of healthcare data analysis and
processing that Fog cannot perform.

3.3.1 Covid-19 Tracer

Interactive tracker offers users map and graphical displays for COVID-19 disease global spread,
including total confirmed, active, recovered cases, and deaths. The live dashboard pulls data from
the proposed framework as well as the centers for disease control to show all confirmed and
suspected cases of COVID-19, along with recovered patients and deaths. The data is visualized
through a real-time graphic information system (GIS) as shows in Figure 13 [38].

Figure 13. COVID-19 Tracer

3.3.2 Safe Spacer

Limiting face-to-face contact with others is the best way to reduce the spread of coronavirus
disease 2020 (COVID-19). Safe spacer, also called “social distancing,” means keeping space between
yourself and other people outside of your home. The proposed safe spacer was showed in Figure 14.
To practice social or physical distancing using Ultra-wideband technology, Safe Spacer runs
wirelessly on a rechargeable battery and precisely senses when other devices come within 2m/6ft,
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alerting wearers with a choice of visual, vibrating or audio alarm. Each device features a unique ID
tag and built-in memory to optionally associate with workers' names for tracing any unintentional
contact. To maintain high privacy standards, no data except the device's ID and proximity is stored.
For advanced workplace use, an optional iOS/Android app allows human resources or safety
departments to associate IDs to specific workers, log and export daily tracing without collecting
sensitive data, configure the alarms, set custom distance/alert thresholds and more.

Figure 14. The proposed safe spacer

3.3.3 Health System Response Monitor

The COVID-19 Health System Response Monitor (HSRM) assists healthcare organizations and
governments assess patient risk profiles and connects them with virtual care capabilities. It has been
designed in response to the COVID-19 outbreak to collect and organize up-to-date information
responding to the crisis. It focuses primarily on the responses of health systems but also captures
wider public health initiatives. It can be presented the main subsystem in medical system as
following:

e Medical analysis subsystem It records the results of the tests for the patients either manually
or automatically by connecting the analytical devices to the system It provides a set of statistics
such as: the number of analyzes required by a particular laboratory in a specific period and the
number of analyzes that have already been done - analyzes of a particular patient divided
according to his medical visits This system is linked to a database that includes all medical
analyzes divided by type (chemistry - hematology - microbiology - immunology - pathology)
and it is related to a set of applications that record the analyzes of each laboratory and the
standard data for these analyzes (Normal Value) according to the kit used in the lab.

e Radiology subsystem. It records the data of the examination staff, showing the type of radiation
required for each of them, along with some clinical data about some of the rays, such as CT-
rays and records the radiology report. It contains a system Picture Archiving and
Communication System (PACS) that links the radiology devices to the system so that the x-
rays are sent to the x-ray. It provides a set of statistics, such as: the number of radiation
transferred to a particular x-ray department in a specific period, the number of radiation
already done, and the number of x-rays sent. This system is linked to a database that includes
all the rays divided by type (therapeutic - diagnostic) or (ultrasound - CT scan - resonance) and
it is linked to a set of applications that record the radiation of each section and the standard
report for each radiator, as well as determining the work schedule for each section rays.

e Medical archive subsystem. It provides a set of statistics, such as: the numbers of patients
attending a specific clinic in a specific period classified by type or age group or geographically
distributed in the governorate, center or city. The system scans patient documents, whether
paper documents or x-ray films, with scanners with special specifications. These documents
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are stored as part of patient data on dedicated servers. The system contains the ability to record
the type of document (x-rays-tests-good checks-surgeries -...) and the document history and
some other data that can be used to create statistics for these documents can be added. The
system contains a special viewer to display these documents with special capabilities for
dealing with these images such as enlarging, reducing or rotating the images. The Digitizer can
be used so that x-ray films are stored in the form of dicom files which is the same format that
x-ray devices output so that they can be viewed through the PACS Viewer.

3.3.4 Medical Mobile Learning subsystem

Medical Mobile Learning (MML) is an unavoidable alternative during COVID-19. It developed
to meet the needs of the education for medical sector, managing all aspects of providing educational,
training and development programs with software that looks after administration, documentation,
tracking, reporting and delivery. MML denote learning involving the use of a mobile device. It has
several advantages and benefits. First, this teaching method can occur at anyplace, anytime, and
anywhere and the learning process is not limited to one particular place. Besides, it allows doctors to
personalize instruction and allow to self-regulate learning. Generally, mobile learning can helps
doctors to develop technological skills, conversational skills, find answers to their questions for any
update for COVID-19, develop a sense of collaboration, allow knowledge sharing, and hence leverage
their learning.

3.3.5 Robotics and Telehealth system

Health systems broadly, to encompass the full continuum between public health (population-
based services) and medical care (delivered to individual patients). When we think about digital
transformation in healthcare, we usually think about some new software doctors are using or a new
medical imaging machine. However, since doctors are now scrambling to contain the COVID-19
pandemic, they have to do so without endangering themselves as well. The proposed robotics and
telehealth system shown in Figure 15. This is where robotics comes in instead of going into the room
to see the patient, a robot goes in, and the doctors operate it via an iPad from the other side of the
door —this digital innovation in healthcare currently being used in hospitals in Washington and other
states. In fact, the robot even has a stethoscope to take the patients’ vitals [39].

Figure 15. The proposed robotics and telehealth system
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4, Limitations

This research is interested in aspects related to Fog computing applied to the healthcare area. In
this sense, this paper focuses on the characteristics of fog computing architectures directly related to
healthcare, disregarding models. This research is limited in availability of data makes it difficult to
process due to the limited hardware availability. Interoperability, data processing, CPU
management, memory and disk resources, and big data issues are still weaknesses in architectures
that require a large number of heterogeneous devices such as healthcare applications.

5. Conclusion and Future Works

Infectious COVID-19 disease shocked the world and is still threating the lives of billions of
people. In this study, a new CVOID-X framework has been proposed to automatically identify or
COVID-19 based on deep learning classifiers. Technological developments like edge computing, fog
computing, IoT, and Big Data have gained importance due to their robustness. In this retrospective
and multi-center study, a deep learning model, COVID-19 detection neural network using
Neautrosophic classifier, was developed to extract visual features from volumetric exams for the
detection of COVID-19. The proposed system facilitates communication between people and medical
centers so that the appropriate COVID-19 patient can be reached just on time. It also integrates the
information scattered among different medical centers and health organizations across the country
to confrontation COVID-19 Stakeholders are able to use the confrontation as an applications installed
on their smartphones or as wearable devices. So the diagnosis of the screening process will be less
time consuming and less human interactions that might cause the spreading of the coronavirus faster.
It can be concluded that the remote sensing procedures, which provide an assortment of ways to
identify, sense, and monitoring of COVID-19, give an awesome promise and potential in order to
fulfil the demands from the healthcare system. As part of the future work, the proposed framework
can be stimulated and analysis the results for every Thing device/object in Edge layer presented in
this work. Moreover, to obtain the most accurate feature which is an essential component of learning,
MobileNet, DenseNet, Xception, ResNet, InceptionV3, InceptionRes- NetV2, VGGNet, NASNet will
be applied amongst a pool of deep convolutional neural networks. Furthermore, the proposed
framework can also be extended towards other important domains of healthcare such as diabetes,
cancer and hepatitis, which can provide efficient services to corresponding patients.
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Abstract: Paper aims to use the programming codes in calculating the values of neutrosophic
grades and their representation in proving the certainty and uncertainty associated with the data
of navigational projects development in the Suez Canal, Egypt. Added to, we reach a more
descriptive of the data in terms of certainty and uncertainty, and that is through the neutrosophic
representation of both the total revenue and the revenues of the Suez Canal from the transit
carriers and ships. Finally, we will present a study of the decision-making process regarding the
better investment in the Suez Canal. Is it investing in the oil tankers or investing in cargo ships,
as this is done based on neutrosophic data. This will be done by studying optimistic, pessimistic,
and remorse entrances to the neutrosophic data, to see which oil tankers or cargo ships offer
better returns to the Canal.

Keywords: Neutrosophic categories; neutrosophic analysis; Neutrosophic data; Suez Canal;

Neutrosophic information models; Decision Making.

1. Introduction

In real-life problems, the data associated are often imprecise, or non-deterministic. Not all real
data can be precise because of their fuzzy nature. Imprecision can be of many types: non-
matching data values, imprecise queries, inconsistent data misaligned schemas, etc. The
fundamental concepts of neutrosophic set, introduced by Smarandache in [2, 3] and Salama et al.
in [2-19]. Decision-making method developed on the accuracy of the information resulting from
the neutrosophic data processing. The data has converted from the classic situation using the
neutrosophic technique, which helps in the process of decision-making. Thus, we can rank all
alternatives and make a better choice according to the degrees of certainty, uncertainty, and
impartiality. Paper is limited to the data for the ships crossing the Suez Canal Port, Egypt, such
as the oil tankers, cargo ships, passenger ships and rescue ships from 1976 to 2019, because they
are considered the most important main types that cross the Suez Canal, due to the nature and
characteristics of each of them, and this requires special attention to that types of ships
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1.1 Preliminaries & Related Works

We recollect some relevant basic preliminaries, and in particular, the work of Smarandache in
[2, 3] and Salama et al. [16]. The data was relied on the bulletins of the Suez Canal Authority

Egypt, in [1].
2-  Proposed frameworks

In 2014, Salama et al. [16] designed and implemented an object oriented programming [OOP] to
deal with neutrosophic data operations.

The following are neutrosophic package class, some software algorithms and codes designed
to generate neutrosophic data related to projects for the development of the navigation of the
Suez Canal, Egypt:

1) The following diagram represent the neutrosovhic structure.

Truth
Certainty < Falsity

Neutrosophic Ambiguity
structure
Ignorance

Uncertainty
Contradiction

Neutrality

Saturation

Figure 1. Neutrosophic Data Structure

2)  The following diagram represent the neutrosophic Package

Figure 2: Neutrosophic Package Class Diagram.

3)The first input parameter to the neutrosophic variable has three-neutrosophic components membership
function, indeterminacy and non-membership of data is illustrated in Figure 3.
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Figure 3: Neutrosophic Chart .

4) Some Neutrosophic codes

using System;
using System.Collections.Generic;
using System.Ling;
using System.Text;
namespace RibbonCustomize

{

class NeutrosophicValueException:Exception
{
public NeutrosophicValueException()
: base("Neutrosophic value must be between 0 and 1")

}

class NeutrosophicSet:List<Neutrosophic>
{
public NeutrosophicSet Complement1()
{
NeutrosophicSet complementSet = new NeutrosophicSet();
foreach (Neutrosophic n in this)

{
complementSet. Add(n.Complement1());

}
return complementSet;

}
public NeutrosophicSet Complement2()
{
NeutrosophicSet complementSet = new NeutrosophicSet();
foreach (Neutrosophic n in this)
{
complementSet. Add(n.Complement2());

}

return complementSet;

}
public NeutrosophicSet Complement3()

{
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NeutrosophicSet complementSet = new NeutrosophicSet();
foreach (Neutrosophic n in this)

{
complementSet. Add(n.Complement3());

}

return complementSet;

}

public Boolean

BelongTol(NeutrosophicSet nSet)
{

for (inti = 0; i < this.Count; i++)
{
if (!this[i].BelongTol(nSet[i]))
return false;

}

return true;

}
public Boolean BelongTo2(NeutrosophicSet nSet)
{

for (inti = 0; i < this.Count; i++)

{

if ('this[i].BelongTo2(nSet[i]))
return false;

}

return true;
}

class Neutrosophic

{
double t, i, f;

public Neutrosophic(double t,double i,double f)

{
T=¢t
I=1i;
F=f;
}
public double T
{
get
{
return Convert.ToDouble( Math.Round( t,4));
}
set
{
if (t<011t>1)
throw new NeutrosophicValueException();
t=value;
}
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3- Neutrosophic Data Related to Projects for the Development of the Navigation
Channel of the Suez Canal
In this section, software algorithms present the values of the neutrosophic grades
(Membership, Indeterminacy, Non-membership) associated with the most important variables
for the waterway development projects are introduced. Which in the future helps in the process
of support and decision-making through the neutrosophic environment. The following tables
represent for neutrosophic fuzzy data related to the development of Suez Canal projects.

3-1 Neutrosophic construction for the revenue of the oil tankers
The following table shows the neutrosophic functions membership, indeterminacy
and non-membership for the revenue from oil tankers

membership | indeterminacy | non-membership
0.988740191 | 0.00461327 0.011259809
0.997541134 | 0.000366208 0.002458866
0.99372791 0.003386564 0.00627209
0.994747051 | 0.00352199 0.005252949
0.996362317 | 0.002416395 0.003637683
0.9992945 0.000439248 0.0007055
0.996371092 | 0.001113029 0.003628908
0.998656708 | 9.414E-05 0.001343292
0.996205932 | 0.002065225 0.003794068
0.996018585 | 0.003331682 0.003981415
0.998642595 | 0.001125642 0.001357405
0.997179889 | 0.001817804 0.002820111
0.997190918 | 0.00099931 0.002809082
0.99900649 0.000160861 0.00099351
0.998159997 | 0.001783886 0.001840003
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0.998825512 | 0.000389082 0.001174488
0.999178991 | 9.72807E-05 0.000821009
0.997687655 | 0.000459245 0.002312345
0.997405507 | 0.001358576 0.002594493
0.996925695 | 0.000896872 0.003074305
0.998220312 | 4.8633E-05 0.001779688
0.99850752 0.00109835 0.00149248

0.999384376 | 0.000163505 0.000615624
0.999094749 | 0.000322558 0.000905251
0.999216422 | 0.00043813 0.000783578
0.999683732 | 0.00026184 0.000316268
0.999261561 | 0.000391302 0.000738439
0.998155283 | 0.000963051 0.001844717
0.998749522 | 0.000918046 0.001250478
0.997990694 | 0.000537374 0.002009306
0.997900945 | 0.000606896 0.002099055
0.99841285 0.000707733 0.00158715

0.998114783 | 0.001177655 0.001885217
0.998274559 | 0.001384855 0.001725441
0.998516734 | 0.000662619 0.001483266
0.998157819 | 0.001816153 0.001842181
0.998596055 | 0.000746927 0.001403945
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0.999123659 | 3.86185E-05 0.000876341

0.999701164 | 0.000102857 0.000298836

3-2 Neutrosophic construction for the revenue of the casting cargo ships
The following table shows the neutrosophic functions membership, indeterminacy and
non-membership for the revenue for casting cargo ships.

membership | indeterminacy | non-membership
0.979597358 | 0.011222455 0.020402642
0.99977598 0.000190899 0.00022402
0.987841221 | 0.011233986 0.012158779
0.988722391 | 0.004594681 0.011277609
0.999042398 | 2.94809E-05 0.000957602
0.996013645 | 0.003510839 0.003986355
0.993315242 | 0.001470175 0.006684758
0.999288912 | 0.000617127 0.000711088
0.997280058 | 0.001194023 0.002719942
0.997839878 | 0.001434591 0.002160122
0.999313108 | 0.000285615 0.000686892
0.998390123 | 0.000424146 0.001609877
0.998744516 | 1.66601E-05 0.001255484
0.996685415 | 0.002629738 0.003314585
0.999159935 | 0.000624388 0.000840065
0.999362719 | 0.000625203 0.000637281
0.998118538 | 0.00074875 0.001881462
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0.999081238 | 0.000843198 0.000918762
0.998767326 | 0.000237711 0.001232674
0.996110421 | 0.00035633 0.003889579
0.996214035 | 0.001895643 0.003785965
0.997622584 | 0.001778035 0.002377416
0.997971546 | 0.001753866 0.002028454
0.996205565 | 0.001369003 0.003794435
0.99738413 0.002252678 0.00261587
0.99737923 0.00066253 0.00262077
0.99901595 0.000512284 0.00098405
0.998766167 | 0.001011506 0.001233833
0.999572232 | 0.000179547 0.000427768
0.99961459 0.000176656 0.00038541
0.9986817 0.000122479 0.0013183
0.998326458 | 0.000859449 0.001673542
0.998183893 | 0.000195493 0.001816107
0.99938128 0.000356578 0.00061872
0.999648021 | 0.000346284 0.000351979
0.998516736 | 0.000578491 0.001483264
0.99840945 0.000915206 0.00159055
0.998917136 | 6.82709E-05 0.001082864
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0.999421069

2.40589E-05

0.000578931

3-3 Neutrosophic construction for the total revenue

The following table shows the neutrosophic functions membership, indeterminacy and

non-membership for the total Revenue.

membership | indeterminacy | non-membership
0.99453 0.68563 0.00547
0.994298 0.258039 0.005702
0.999356 0.694458 0.000644
0.998015 0.759271 0.001985
0.998491 0.182653 0.001509
0.99755 0.842113 0.00245
0.999763 0.4457 0.000237
0.99826 0.747169 0.00174
0.999419 0.657663 0.000581
0.997668 0.176678 0.002332
0.999044 0.469494 0.000956
0.998904 0.408643 0.001096
0.999146 0.936579 0.000854
0.999439 0.72134 0.000561
0.998743 0.156889 0.001257
0.999089 0.752516 0.000911
0.999257 0.014837 0.000743
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0.999994 0.553359 6.25E-06
0.998467 0.60711 0.001533
0.998461 0.670432 0.001539
0.998631 0.026247 0.001369
0.999688 0.585905 0.000312
0.99864 0.069339 0.00136
0.999698 0.843087 0.000302
0.99874 0.135408 0.00126
0.999383 0.682067 0.000617
0.999497 0.336895 0.000503
0.998713 0.076038 0.001287
0.99899 0.042053 0.00101
0.9991 0.299292 0.0009
0.9996 0.725316 0.0004
0.9998 0.08398 0.0002
0.9999 0.040729 1E-04
0.99994 0.497875 6E-05
0.99997 0.528715 3E-05
0.97811 0.4454 0.02189
0.9888 0.390296 0.0112
0.9999 0.715649 1E-04
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0.99999 0.947433 1E-05
0.99999 0.243405 1E-05
0.999996 0.724688 4E-06
0.999998 0.512305 2E-06
0.999999 0.092309 1.5E-06

3-4 Neutrosophic construction for the oil tankers load sizes
The following table shows the neutrosophic functions membership, indeterminacy and
non-membership for the oil tanker load sizes.

membership | indeterminacy | non-membership
0.999999683 | 1.67646E-07 3.1713E-07
0.999988666 | 4.86643E-06 1.13338E-05
0.999986858 | 1.139E-05 1.31419E-05
0.99999763 1.71931E-06 2.37026E-06
0.999998331 7.01436E-08 1.66936E-06
0.999994502 | 9.67939E-07 5.49785E-06
0.999999965 | 8.26009E-09 3.45204E-08
0.999995597 | 3.43245E-06 4.40344E-06
0.999992593 | 2.66158E-06 7.40721E-06
0.99999205 3.97483E-06 7.95034E-06
0.999995382 | 2.24479E-06 4.61806E-06
0.999996817 | 2.23691E-06 3.18252E-06
0.999996942 | 1.23941E-06 3.05795E-06
0.999994138 | 5.19437E-06 5.86174E-06
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0.999994783 3.67107E-06 5.21695E-06
0.999998407 1.42519E-06 1.59336E-06
0.999999916 1.99228E-08 8.41154E-08
0.999998438 1.13182E-06 1.5621E-06

0.999994327 4.0787E-07 5.67272E-06
0.999994318 6.75615E-07 5.68204E-06
0.999988657 1.12072E-05 1.13432E-05
0.999999955 3.06172E-08 4.47353E-08
0.999997963 3.01945E-07 2.03699E-06
0.999987344 1.14491E-05 1.26559E-05
0.999995549 2.2139E-06 4.45134E-06
0.999992198 5.62777E-08 7.80226E-06
0.999994384 4.76185E-07 5.61551E-06
0.999994926 4.56611E-06 5.07413E-06
0.999994185 2.79521E-06 5.81518E-06
0.999993616 7.78117E-07 6.3837E-06

0.999995882 1.66929E-06 4.11835E-06
0.999996945 2.47541E-06 3.05471E-06
0.999993363 2.91819E-06 6.63674E-06
0.999997621 1.61063E-06 2.3791E-06

0.999994426 5.07718E-06 5.57402E-06
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0.999994968 3.88646E-06 5.03216E-06
0.99999355 3.73223E-06 6.44966E-06
0.999998549 6.62626E-07 1.45134E-06
0.999998329 3.01809E-07 1.67063E-06
0.999996023 2.93175E-06 3.97664E-06
0.999995523 2.20011E-07 4.47681E-06
0.999995884 3.7598E-07 4.11594E-06
0.999996923 2.20412E-06 3.07715E-06

3-5 Neutrosophic construction for the sizes of tonnage of the cargo ships casting
The following table shows the neutrosophic functions membership, indeterminacy and
non-membership of the sizes of tonnage for cargo ships casting.

membership | indeterminacy | non-membership
0.999980808 | 2.68364E-06 1.91925E-05
0.999975151 | 8.10953E-06 2.48487E-05
0.999998995 | 4.16959E-07 1.00491E-06
0.999995727 | 2.63953E-06 4.27268E-06
0.999979618 | 1.46253E-05 2.03821E-05
0.999988567 | 7.58596E-07 1.14333E-05
0.999984127 | 1.55296E-05 1.58727E-05
0.999988002 | 3.75304E-06 1.19978E-05
0.99999423 2.93423E-07 5.76964E-06
0.999982442 | 1.56162E-05 1.75578E-05
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0.999999894 7.69112E-08 1.05778E-07
0.99999368 4.93127E-06 6.31956E-06
0.999989252 7.55723E-06 1.07479E-05
0.999993027 1.09647E-06 6.97259E-06
0.999996135 2.52924E-06 3.86463E-06
0.999994335 2.3808E-06 5.66547E-06
0.99999625 2.07892E-06 3.74972E-06
0.999996134 3.71619E-06 3.86632E-06
0.999997895 6.74216E-07 2.10478E-06
0.999988647 2.45364E-06 1.13533E-05
0.999993827 2.64785E-06 6.17332E-06
0.999993905 2.80495E-06 6.09518E-06
0.999997398 2.14679E-06 2.6023E-06
0.999991676 2.11799E-06 8.32415E-06
0.999996363 1.73944E-06 3.63679E-06
0.99999949 2.87001E-07 5.10254E-07
0.999999624 1.45097E-07 3.76357E-07
0.999997374 3.98441E-07 2.62619E-06
0.999992259 6.33327E-07 7.74082E-06
0.99999455 5.82952E-07 5.44981E-06
0.999999272 | 5.9419E-07 7.28466E-07
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0.999992703 5.71205E-06 7.29738E-06
0.999999875 9.66849E-08 1.24589E-07
0.999990182 4.31384E-06 9.81787E-06
0.999999648 8.96058E-08 3.5191E-07
0.999993379 2.80686E-06 6.6212E-06
0.999993584 5.30479E-06 6.4156E-06
0.999998612 1.25861E-06 1.38826E-06

3-6 Neutrosophic construction for the total transit ship sizes

The following table shows the neutrosophic functions membership, indeterminacy and non-
membership for the total transit ship sizes

membership indeterminacy | non-membership
0.999990592 0.081595643 9.40827E-06
0.999993233 0.872542965 6.76657E-06
0.999997969 0.957965187 2.03095E-06
0.999996298 0.240681564 3.70197E-06
0.999996123 0.58812965 3.87712E-06
0.999994838 0.603066597 5.16243E-06
0.999995702 0.817902648 4.29796E-06
0.99999889 0.907832847 1.10985E-06
0.999996164 0.459277585 3.83603E-06
0.999995355 0.206840716 4.6451E-06
0.999995881 0.606598419 4.11885E-06
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0.999997577 0.566837025 2.42347E-06
0.999999767 0.458398662 2.33325E-07
0.999998119 0.737134899 1.88071E-06
0.999996708 0.021642474 3.29234E-06
0.999996875 0.364123252 3.12526E-06
0.999999958 0.845535234 4.21479E-08
0.999995951 0.109050085 4.04896E-06
0.999994263 0.09590703 5.73726E-06
0.999998665 0.146926882 1.33461E-06
0.999996595 0.174293442 3.40508E-06
0.999998719 0.991957998 1.28056E-06
0.999995953 0.261600592 4.04712E-06
0.999998779 0.883490079 1.2211E-06

0.999999576 0.259355637 4.23945E-07
0.999997016 0.104312996 2.9843E-06

0.999995259 0.226220789 4.74055E-06
0.999999689 0.297662813 3.10824E-07
0.999999362 0.133707397 6.38072E-07
0.999999712 0.070726333 2.88346E-07
0.999998716 0.681388333 1.28386E-06
0.999999381 0.635096147 6.19429E-07
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0.99999932 0.476381568 6.80231E-07
0.999996216 0.270553455 3.78429E-06
0.999997277 0.230908485 2.72295E-06
0.999998198 0.837658751 1.80196E-06
0.999996651 0.734244669 3.34864E-06
0.999999684 0.674576687 3.15575E-07

4 - Graphic Representation for Data in the Neutrosophic Environment

4-1 Neutrosophic functions of the Suez Canal revenues

The following graph shows the neutrosophic functions membership, indeterminacy and
non-membership of the Suez Canal revenues from oil tankers
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Fig.1, The neutrosophic functions of the Suez Canal revenue collected from oil tankers. (1976:
2019)

4 -2 Neutrosophic functions of the Suez Canal revenue collected from bulk cargo ships

The following graph shows the neutrosophic functions membership, indeterminacy and
non-membership of the Suez Canal revenues received from bulk cargo ships.
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Fig.2. Neutrosophic functions of the Suez Canal revenue collected from bulk cargo ships.
(1976: 2019)

4 -3 Neutrosophic functions of the Suez Canal revenue (total revenue)

The following graph shows the neutrosophic functions membership, indeterminacy and
non-membership of the Suez Canal total revenue.
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Fig.4. Neutrosophic functions of the Suez Canal revenues in million dollars (total revenue).

4 -4 Neutrosophic functions for volumes of shiploads

The following figure shows the neutrosophic functions membership, indeterminacy and
non-membership of tonnage of tankers crossing the channel
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Fig.5. Neutrosophic functions for the volumes of tonnage of tankers crossing the channel.

4 - 5 Neutrosophic functions of tonnage of cargo vessels casting trans-channel

The following figure shows the neutrosophic functions membership, indeterminacy and non-
membership of the tonnage of cargo ships for casting trans-shipment vessels.
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Fig.6. Neutrosophic functions of tonnage of cargo vessels casting trans-channel.
4 - 6 Neutrosophic functions of the tonnage of vessels transiting the channel

The following figure shows the neutrosophic functions membership, indeterminacy and
non-membership of the sizes of tonnage of ships crossing the channel.
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Fig.7. Neutrosophic functions of the sizes of tonnage of transit ships.
5 Decision Making for Neutrosophic Environment

Here we will present a study of the decision-making process regarding the better
investment in the Suez Canal. Is it investing in oil tankers or investing in cargo ships, as this is
done based on the previous neutrosophic data. This will be done by studying optimistic,
pessimistic, and remorse entrances to the neutrosophic data, to see which oil tankers or cargo
ships offer better returns to the Canal.

Study of entrances:
i.  The Optimistic entrance:

We know that this entrance depends on evaluating the alternatives, in preparation for choosing
the alternative that guarantees the best possible returns under optimistic natural states. Without
any consideration for the pessimistic cases of this alternative. Which we express by the term
(Max, Max). So that the first "Max" indicates the highest value, and the second "Max" denotes
the optimistic natural state:

Max Max
oil tankers Max (0.999701164,0.000102857, 0.000298836)
=0.999701164
cargo ships Max(0.99977598, 0.000190899, 0.00022402)
=(0.99977598

Thus, according to the optimistic entrance, investing in the cargo ships is the best alternative
considering that it includes the highest possible return, which is (0.99977598).

ii. = The conservative (pessimistic) entrance:

We know that this entrance depends on evaluating alternatives. As a prelude to choosing the
alternative, that guarantees the best possible returns in the light of pessimistic natural states.
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Without regard for optimistic cases of that alternative. It is called the term (Max, Min), where
"Max" means the highest value here, but it is related to the second part of the term "Min", which
means the pessimistic natural state:

Max Min

Max (0.988740191 ,0.00461327, 0.011259809)
oil tankers =0.988740191

Max(0.979597358, 0.011222455, 0.020402642)
cargo ships | =0.979597358

According to this entrance, investing in oil tankers is the best alternative, as it guarantees the
highest possible return is (0.988740191).

iii. The entrance to remorse:

This entrance is not optimistic or pessimistic, but rather an intermediate entrance. It depends on
the evaluation of the alternatives as a prelude to choosing the alternative that contains the least
missed opportunities.

Choosing the most appropriate alternative in the light of this entrance requires creating a new
matrix, as follows, we replace the alternative that achieves the highest value with a value of
zero, given that there are no missed opportunities for this alternative.

Highest neutrosophic return Lowest neutrosophic return
oil tankers | (0.999701164,0.000102857, 0.000298836) (0.988740191,0.00461327, 0.011259809)
cargo ships | (0.99977598, 0.000190899, 0.00022402) (0.979597358, 0.011222455, 0.020402642)
Highest neutrosophic return Lowest neutrosophic return

oil tankers (0.000074816,0.000088042, -0.000074816) (0,0,0)

cargo ships (0,0,0) (0.009142833, -0.006609185, -0.009142833)

We subtract the highest value in the event of high return from the rest of the values present in
this normal state. The same applies to the case of low return, and we subtract the highest value
in the case of low return from the rest of the values found in this case.

Then now we create a short matrix that includes the highest missed opportunity values for each
alternative, as follows:
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Missed opportunities

oil tankers | (0.000074816, 0.000088042, -0.000074816)

cargo ships | (0.009142833, -0.006609185, -0.009142833)

Consequently, according to this entrance, the appropriate alternative is oil tankers as it contains
the least missed opportunities.

From the study of the previous three entrances in the light of the neutrosophic logic, we have
different options for decision according to the entrances. This matter we can view positively as
it enriches the decision-making process and is only a reflection of the circumstances of the
decision-maker and the views that affect him.

6. Conclusion and Future Work:

Neutrosophic techniques as a generalization of crisp and fuzzy techniques that may better
model imperfect information, which is omnipresent in any conscious decision making. In
neutrosophic system, each attack is determined by membership, indeterminacy and non-
membership degrees. In this paper, we have designed a program to generate neutrosophic
grades for the most important variables of the waterway of the Suez Canal. In future studies we
will design a statistical model to support and make decisions using the neutrosophic statistics.
The future importance of the research paper is the use of neutrosophic in proposing a model for
optimal decision-making in the neutrosophic environment.

The study aims at the possibility of proposing a general framework to support decision-making
to maximize the profitability of the Suez Canal Authority by crossing ships using the
neutrosophic analysis of navigation traffic data.
This is achieved through a set of objectives, as follows:
1. Neutrosophic analysis through the generation of organic functions with three degrees,
for the navigation traffic in the Suez Canal.
2. Neutrosophic analysis of the numbers and volumes of tonnage of oil tankers transiting
the Suez Canal through neutrosophic data.
3. Studying neutrosophic triple vehicles to predict future tanker and ship volumes.
4.  Using the neutrosophic method to predict the value of revenues.
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Abstract: Ineradicable hindrances of the existing mathematical models widespread from
probabilities to soft sets. These difficulties made up way for the opening of “neutrosophic set
model’. Set theory of ‘vague’ values is an already established branch of mathematics. Complex
situations which arose in problem solving, demanded more accurate models. As a result,
‘neutrosophic vague’ came into screen. At present, research works in this area are very few. But it
is on the way of its moves. Algebra and topology are well connected, as algebra and geometry.
So, anything related to geometric topology is equally important in algebraic topology too. Separate
growth of algebra and topology will slow down the development of each branch. And in one sense
it is imperfect! In this paper a new algebraic structure, BCK/BCl is developed for ‘neutrosophic’ and
to ‘neutrosophic vague’ concept with ‘single” and ‘double’ universe. It's sub-algebra, different kinds
of ideals and cuts are developed in this paper with suitable examples where necessary. Several
theorems connected to this are also got verified.

Keywords: Vague H - ideal, neutrosophic vague binary BCK/BCI - algebra, neutrosophic vague binary
BCK/BCI — subalgebra, neutrosophic vague binary BCK/BCI - ideal, neutrosophic vague binary BCK/BCI
p- ideal, neutrosophic vague binary BCK/BCI q - ideal, neutrosophic vague binary BCK/BCI a-ideal,
neutrosophic vague binary BCK/BCI H - ideal, neutrosophic vague binary BCK/BCI - cut

Notations: NVBS : neutrosophic vague binary set, NVBSS : neutrosophic vague binary subset, NVBI :
neutrosophic vague binary ideal, N BCK/BCI - algebra : neutrosophic BCK/BCI-algebra, NV BCK/BCI -
algebra : neutrosophic vague BCK/BCI-algebra, NVB BCK/BCI - algebra : neutrosophic vague binary
BCK/BCI - algebra, N BCK/BCI - subalgebra : neutrosophic BCK/BCI - subalgebra, NV BCK/BCI - subalgebra
: neutrosophic vague BCK/BCI - subalgebra, NVB BCK/BCI — subalgebra : neutrosophic vague binary
BCK/BCI - subalgebra, N BCK/BCI - ideal : neutrosophic BCK/BCI —ideal, NV BCK/BCI - ideal : neutrosophic
vague BCK/BCI - ideal , NVB BCK/BCI- ideal : neutrosophic vague binary BCK/BCI - ideal, NVB BCK/BCI
p-ideal : neutrosophic vague binary BCK/BCI p-ideal, NVB BCK/BCI q - ideal : neutrosophic vague
binary BCK/BCI q - ideal, NVB BCK/BCI a - ideal : neutrosophic vague binary BCK/BCI a - ideal, NVB

BCK/BCI H - ideal : neutrosophic vague binary BCK/BCI H - ideal

1. Introduction

Before 1990’s, mathematicians and researchers made use of different mathematical models
for problem solving viz. , Probability theory, Hard set theory, Fuzzy set theory, Rough set theory,
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Intuitionistic Fuzzy set theory etc., for problem solving. In 1993, W. L. Gau and D. J. Buehrer [16]
introduced vague sets, with “truth and false” membership values as measurement tools. In 1995,
Florentin Smarandache [13] introduced, “Neutrosophic set theory”, in which an additional data
“uncertainty’, is also got added besides ‘truth and false’. In 2015, Shawkat Alkhazaleh [45] introduced
‘Neutrosophic Vague’ set theory, by inserting vague values, to each neutrosophic value —'truth,
uncertainty & false’. With its several operations, he gave a rich explanation about the concept, in his
pioneer paper itself. Neutrosophic set’s main difference with Neutrosophic Vague is, with its outlook
as an “interval” (imposed with certain conditions). An algebraic structure is a universal set with a set
of operations applicable to that set, together with a set of axioms to be satisfied. BCK/BCI-logical
algebra- is a new type of algebraic structure developed in 1966, by Yasuyuki Imai and Kiyoshi Iséeki
[48]. It is now found to be an active research area. MV-algebras, Boolean algebras etc. are some
t-related logical algebras which extend to BCK-algebra. BCK-algebra further extends to BCI-algebra.
In 2015, Samy M. Mostafa and Reham Ghanem [42] gave cubic structures of medial ideal on
BCI- algebras. Paper introduced cubic medial - ideal, and it illustrates a relation between cubic
medial — ideal and cubic medial BCI - ideal. Homomorphism and Cartesian product of this concept
have been duly verified. In 2017, M. Kaviyarasu and K. Indira [22] gave a review on BCI/BCK-
algebras and its developmental scenario. In 1999, Khalid and Ahmad [25] introduced fuzzy H- ideals
in BCl-algebras. In 2007, Kordi and Moussavi [26] gave a detailed study on fuzzy ideals of BCI-
algebras. In 2012, Borumand Saeid. A, Prince Williams. D. R and Kuchaki Rafsanjani [10] gave a
preliminary note on anti-fuzzy BCK/BCI-subalgebra. Paper mainly contributed on generalized notion
of fuzzy BCK/BCl-algebra. In 2018, based on hyper fuzzy structure, Young Bae Jun, Seok-Zun Song
and Seon Jeong Kim [50] introduced length - fuzzy subalgebras (length -k-fuzzy; k = 1< k< 4) in
BCK/BCI- algebras. In 2018, Anas Al-Masarwah and Abd Ghafur Ahmad [4] discussed some
properties of bipolar fuzzy H-ideals in BCK/BCI--algebra. In 2019, Anas Al-Masarwah, Abd Ghafur
Ahmad [5] introduced m-Polar fuzzy subalgebras, m-polar fuzzy closed ideal and m-polar fuzzy
commutative ideal of m-polar fuzzy sets. They also investigated their several characterizations and
theorems. In 2019, Alcheikh. M & Anas Sabouh [3] proved several theorems connected to the already
existing notions of fuzzy ideal, anti-fuzzy ideal and anti-fuzzy p-ideal of BCK-algebra. In 1983,
Hu. Q. P and Li. X [19] defined BCH-algebra as a generalization of BCK/BClI-algebra. In 2001,
Muhammad Anwar Chaudhary and Hafiz Fakhar-ud-din [34] studied some classes of BCH- algebras.
In 1998, Jun. Y. B, Roh. E. H and Kim. H. S [21] introduced BH -algebra as a generalization of
BCH/BCI/BCK-algebra and they discussed it's ideals and homomorphisms. In 2001, Qun Zhang,
Young Bae Jun and Eun Hwan Roh [41] studied the connection of BH- algebras with ‘BCH’ and
‘BCK/B(CT’-algebras. They defined BH; -algebra and normal BH - algebra. In 1996, Neggers. ] and Kim.
H. S[38] introduce d-algebras as a generalization of BCK-algebras and proved that oriented digraphs
correspond to class of edge d-algebras. They also gave several notions of d-algebra with examples
and also defined direct product and direct sum of d-algebras. In 1996, Stanley Gudder [46] introduced
D-algebras as a generalization of D-poset (without assuming a partial order in D poset). He explained
(interval) effect algebras, based on group structure and proved several lemmas and theorems
regarding to this in a deep manner. In 2012, Muhammad Anwar Chaudhry and Faisal Ali [32]
introduced multipliers in d-algebras. He remarked with example that every BCK-algebra is a
d-algebra but the converse does not hold, in general. He defined positive implicative d - algebra and
proved related theorems. In 2005, Akram. M and Dar. K. H [2] defined Fuzzy d-algebras, Fuzzy
d-ideals, Fuzzy d-subalgebras, Fuzzy d-homomorphisms. In 2014, S. R. Barbhulya. K. Dutta.
Choudhury [43] defined (g, evq)- fuzzy ideals of d - algebra, it’s cartesian product, homomorphism
and also investigated a few theorems. In 2002, Neggers. ] and Kim. H. S [39] introduced B — algebra
which is closely related to BCH/BCI/BCK - algebras. Using a digraph on algebras, they gave a
connection between B - algebras and groups. They also defined commutative B - algebras. In 2006,
BM - algebras are introduced by Kim. C. B and Kim. H. S [24] as a specialization of B - algebras. They
proved BM - algebra as a proper subclass of B - algebras. They showed that BM - algebra is equivalent
to a 0 - commutative B - algebra. In 2011, A. Borumand Saeid and A. Zarandi [11] applied Vague Set
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theory to BM - algebras and discussed its cuts, Artinian and Noetherian concepts. In 2017, Arsham
Borumand Saeid, Hee Sik Kim and Akbar Rezaei [7] introduced BI - algebras as a generalization of
(dual) implication algebra. They defined ideals and congruence relations in BI - algebras. In 2006, Hee
Sik Kim and Young Hee Kim [18] studied a generalization of BCK — algebras known as BE - algebras.
They discussed its filter and self - distributive property along with some theorems. Various structures
formed within short periods of time, along with smaller or bigger changes are B, BE, BF, BF,, BF,,
BG, BI, BL, BM, BN, BO, BP, BQ, BZ, CI, Coxeter - algebra, FL, FL,, (bounded integral commutative
residuated lattice), GK, HW, KU, PS, Q, QS, QP, RG, TM, TP, TU, BCC (or BIK), BCL, BBG, SBL_ ,
Smarandache BCH - algebra , SU, UP, Z etc. In 2006, group theory of vague sets is introduced by
Hakimuddin Khan, Musheer Ahmad and Ranjit Biswas [17]. In 2008, Lee. K. J, So. K. S and Bang.
K. S [27] introduced vague BCK/BCI- algebras with several theorems and propositions. It was one of
the pioneer work in the area of BCK/BCI - algebraic structure with vague sets. Notion of vague ideals
are introduced with properties. A condition for a vague set to become a vague ideal is also provided.
Several characteristics for vague ideal are investigated and established. Arsham Borumand Saeid [6]
also introduced vague BCK/BCI- algebras in 2008, but his work has been published in 2009. He
discussed on cuts, subalgebras and their related theorems of vague BCK/BCI - algebra. In 2017, Jafari.
A, Mariapresenti. L and Arockiarani. I [20] discussed on vague direct product in BCK- algebra.
In 2002, Neggers. ] and Kim Hee Sik [40] introduced, B —algebra as generalization of BCK-algebras.
In 2016, B. Nageswararao, N. Ramakrishna, T. Eswarlal [37] introduced vague [ — algebras,
vague {3 —ideals, translation operators on vague [ —algebras, translation operators on vague 3 —
ideals, vague P —ideal extension of vague [ —algebra etc. In 2013, Yun Sun Hwang and Sun Shin
Ahn [52] developed vague p-ideals and vague a-ideals in BCl-algebras. In 2006, neutrosophic
algebraic structures are introduced by Vasantha Kandasamy. W. B and Florentin Smarandache [47].
Neutrosophic group structure, neutrosophic ring structure etc.,, with lots of theorems and
propositions are investigated. Based on this, in 2015, A. A. A. Agboola and B. Davvaz [1] introduced
neutrosophic BCI/BCK- algebras and their elementary properties. In 2018, Young Bae Jun, Seok - Zun
Song, Florentin Smarandache and Hashem Bordbar [51] discussed neutrosophic quadruple BCK/BCI-
algebras. Paper consists of the newly defined definition of neutrosophic quadruple BCK/BCI-number,
neutrosophic quadruple BCK/BCl-ideals etc., with proper verification of inter-connected notions.
In 2019, Muhiuddin. G, Smarandache. F, Young Bae Jun, [35] gave a new idea - neutrosophic
Quadruple ideals in neutrosophic Quadruple BCI- algebras. In 2018, Seon Jeong Kim, Seok-Zun Song
and Young Bae Jun [44] discussed generalizations of neutrosophic subalgebras in BCK/BCI--algebras
based on neutrosophic points. In 2018, Muhammad Akram, Hina Gulzar, Florentin Smarandache and
Saeid Broumi [34] defined single-valued neutrosophic topological K-algebras and investigated some
of the properties like Cs-connected, super-connected, compact and hausdorff. They also investigated
the image and pre-image of these algebras under homomorphism. In 2018, Young Bae Jun, Florentin
Smarandache, Mehmat AliOztiirk [49] introduced commutative falling neutrosophic ideals in BCK-
algebras. In 2017, Bijan Daavavaz, Samy M. Mostafa and Fatema F. Kareem [8] developed
Neutrosophic ideals of neutrosophic KU - algebras. In 2018, Muhiuddin. G, Bordbar. H,
Smarandache. F, Jun. Y. B, [36] gave certain results on (g, €) — neutrosophic subalgebras and ideals in
BCK/BCI- algebras. They defined commutative (¢, €) neutrosophic ideal and commutative falling
neutrosophic ideal for a BCK-algebra. In 2019, Chul Hwan Park [12] developed neutrosophic ideals
of subtraction algebras. Khadaeman. S, Zahedi. M. M, Borzooei. R. A, Jun. Y. B [23] developed
neutrosophic hyper BCK-ideals in 2019. Neutrosophic sets handle uncertainty in a remarkable way.
But its generalization named as plithogenic set handles uncertainty in a more powerful level than
neutrosophic! Application works using plithogenic are very few as it is a recently introduced work
in set theory. But, in 2019, Mohamed Abdel-Basset and Rehab Mohamed [31], used a plithogenic
TOPSIS-CRISIS method to sustainability supply chain risk management in telecommunication
industry. Problem is well and systematically explained with adequate assistance of diagrams like bar
diagram, pie diagram etc. In 2019, Mohamed Abdel-Basset, Mai Mohamed, Mohamed Elhoseny,
Le Hoang Son, Francisco Chiclana, Abd El-Nasser H Zaied [28] pointed out some draw backs of
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Dice and Jaccard similarity measures in bipolar neutrosophic set with examples. They provided a
cosine similarity measure and weighted cosine similarity measure methods for ‘bipolar and interval-
valued bipolar’- neutrosophic set. They used the above method for diagnosing bipolar disorder
diseases. A computational algorithm for MADM (Multi Attribute Decision Making) has also given in
the paper. In 2019, using ‘neutrosophic sets’, Mohamed Abdel-Basset, Mumtaz Ali, Asma Atef [30]
framed a resource levelling problem to construction projects. To improve work efficiency and to
minimize cost were underlying principle. For calculating activity durations, trapezoidal neutrosophic
numbers were used in this model. In 2019, Mohamed Abdel-Basset, Mumtaz Ali, Asma Atef [29]
designed uncertainty assessments of linear Time-Cost Tradeoffs using neutrosophic sets. In 2020,
Florentin Smarandache [14] introduced neutro - algebra as a generalization of partial algebra with
examples and showed their differences. Points of odds between universal algebra, neutro - algebra
and anti-algebra are well explained in the paper. Neutro - functions are more useful when range or
domain is not clear. Several applications to neutro functions are given with a well explanation.
In 2020, Bordbar. H, Mohseni Takallo. M, Borzooei. R. A, Young Bae Jun [9], defined BMB]J -
neutrosophic subalgebra in BCI/BCK - algebras. Authors introduced BMB] neutrosophic set as a
generalization of neutrosophic set. Its subalgebra, images, translations, S - extension and its
application to BCI/BCK - algebra are defined and explained. Neutrosophic vague binary sets are
developed by Francina Shalini. A and Remya. P. B [15] in 2019. Authors developed a neutrosophic
vague set with 2 universes and discussed its properties.

In this paper, BCK/BCl-algebraic structure is introduced to neutrosophic vague binary sets and
it is simply called as neutrosophic vague binary BCK/BCI - algebra. It's ideal, neutrosophic vague
binary BCK/BCI - ideal is also developed. Moreover, different neutrosophic vague binary BCK/BCI-
ideals like neutrosophic vague binary BCK/BCI p-ideal, neutrosophic vague binary BCK/BCI
g-ideal, neutrosophic vague binary BCK/BCI a-ideal and neutrosophic vague binary BCK/BCI
H-ideal are also developed and compared. Neutrosophic vague binary BCK/BCI - subalgebra,
neutrosophic vague binary BCK/BCI-cut and their relationships, properties and several theorems are
also investigated and illustrated with examples.

Without algebra we can’t even imagine mathematics. In one sense, geometry and algebra are
equally important in mathematics. Even a layman can understand geometry because it deals with
lines and shapes. It's applicational use in day to day life can’t neglect. But algebra is like a silent
player. In geometry, for finding out the solutions to lot of situations like, to get co-ordinates of
centroid or to find out solution space to equations which represents lines, ellipse, hyperbolas, etc.
- common way is to adopt the method of algebra. Study of surfaces is the main concept behind
topology. Topological objects can bend, twist or stretch but are not allowed to tear, since there it loses
its continuity. As a result, topological objects will become non — topological! Automatically they
admit lack of homeomorphism in these situations. Geometrical nature of topology needs the
assistance of algebra in several circumstances. This inevitable need of a mixed strategy, produced a
new branch of mathematics called ‘algebraic topology’. So developmental moments in any branch
connected to topology from basic sets to neutrosophic sets via “fuzzy, rough, intuitionistic fuzzy,
vague, interval mathematics, soft”- will equally demand the developments of it's counterpart-
algebra. Thus both of them developed equally and produced vivid outputs like fuzzy BCK/BCI
algebra, intuitionistic fuzzy BCK/BCI-algebra, rough BCK/BClI-algebra, vague BCK/BCI- algebra, soft
BCK/BCI algebra and so on. So to stabilize neutrosophic branch, developments in various algebraic
structures like BCK/BCI, BCH, BH etc are very critical and essential. This work will be important to
neutrosophic due to its ‘easy way approach’ than [1] to reach to the same destination.

Method given in [1] is equally good but the concept of generating element is a little bit
perplexing. Since [1] is closely connected to [47], it will be helpful, to verify lot of deep ideas given in
[47]. Neutrosophic ‘group and loop’ concepts are well defined with examples and explanations in

Remya. P.B & Francina Shalini. A, Neutrosophic Vague Binary BCK/BCI-algebra



Neutrosophic Sets and Systems, Vol. 35, 2020 49

[47]. It is to be noted that, as per [47], neutrosophic group does not possess a direct group structure,
but it always contains one! Neutrosophic vague is a mixed form of neutrosophic and vague. It draws
every positives and negatives of both the aforementioned sets. Numerical calculations for
‘neutrosophic’ are more than ‘vague’ due to its additional component - uncertainty. In real life
problems, complex situations demand a more clear and easily accessible method to use with -
‘neutrosophic, neutrosophic vague or neutrosophic vague binary’- set values. In group theory or ring
theory algebraic structure is formed in such a manner that it includes set itself as a first member of
the structure, then provide various algebraic operations as example shows: (Z,+,), (mZ, +), (R, +, .)
etc. Vague BCK/BCI algebraic-structure is defined as (U,*,0) by enclosing only universal set and by
omitting the corresponding vague set A. But in this context, universal set and vague set are
simultaneously essential and available: since problem is being to be checked for a ‘vague BCK/BCI-
algebra and not for mere BCK/BCl-algebra’ ! Our conclusion is that, being a core object in taking a
decision to the question ‘vague BCK/BCl-algebra or not? ' : inclusion of vague set, ‘inside the
structure’ is important. It will avoid more confusions while doing theoretical work! Same thing is
referable to fuzzy BCK/BClI-algebra, intuitionistic BCK/BCl-algebra, neutrosophic BCK/BCl-algebra
and so on. This will be useful and applicable to all other existing structures like BCH, BH, B etc., with
uncertain sets.

It is hoped that, when comparing to [1], concept developed in this paper, will be more
useful to common people, since it uses values directly and hence easily accessible. This method
depends on vague BCK/BCI paper [6]. In this paper our primary interest is to develop BCK/BCI-
algebraic concept to neutrosophic vague binary sets. For this neutrosophic BCK/BCI algebraic
concept and neutrosophic vague BCK/BCI-algebraic concept are needed as a base. Since it is not
developed yet, in this paper, those are also developed with neutrosophic vague binary! An
alternative structure approach, to vague BCK/BCl-algebra mentioned in [6] can be given as follows:
A vague BCK/BCl-algebra is a structure 8B, = (A,USBA = (U,*,0),%, 0)=(A, U®A %, 0) , where A is the
vague set under consideration and U®A = (U, 0) is the underlying BCK/BCl-algebraic structure
for A with universal set U, binary operation “+” and with constant “0”. Similarly, when A becomes
fuzzy set, the structure got is fuzzy BCK/BCl-algebraic. For theoretical applications, new approach is

found to be more helpful and clear. Throughout this paper, new structure is used for

neutrosophic/neutrosophic vague/ neutrosophic vague binary BCK/BCl-algebra.

Primary objective of this work is to develop a BCK/BCl-algebraic structure to neutrosophic
vague binary set. Along with, care is taken, to use this novel concept, in ‘theoretical applications’.
Secondary objective is kept as the formation of various ideals to this new concept and their

verification in theory part.

Paper consists of 8 sections. 1% section, provides an introduction, in which literature review
has given. 2nd paragraph gives a general format of the work. 3 paragraph explains why this work is
essential to neutrosophic branch. 4t paragraph, points out 2 limitations of existing approaches.
5th paragraph mentions the alternative approaches to the limitations. 6t paragraph gives 2 objectives
for the work. 7t paragraph, clearly explains how the paper is organized. 8" paragraph, summarizes
all contributions of this paper in bullets. 27 section of the paper describes materials for the work. In
3, neutrosophic vague binary/ neutrosophic vague/ neutrosophic BCK/BCI -algebras are developed.
In 4%, neutrosophic vague binary BCK/BCl-subalgebra and neutrosophic vague binary BCK/BCI-
ideal are developed. In 5t section, various neutrosophic vague binary BCK/BCI-ideals are formed
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and compared using a table. In 6t section, neutrosophic vague binary/ neutrosophic vague/
neutrosophic BCK/BCI - cuts are defined. In 7t section, propositions and lemmas related to this novel
concept are discussed as a theoretical application. In 8th section, a conclusion to the paper is given.

Contributions in this paper are given in bullets below:

e Vague H-ideal

e Neutrosophic Vague Binary BCK/BCl-algebra

e Neutrosophic Vague Binary BCK/BCI-subalgebra

e Neutrosophic Vague Binary BCK/BClI-ideal

e Neutrosophic Vague Binary BCK/BCI- p ideal
Neutrosophic Vague Binary BCK/BCI- q ideal
Neutrosophic Vague Binary BCK/BCI- a ideal
Neutrosophic Vague Binary BCK/BCI- H ideal

e Neutrosophic vague binary BCK/BCI- cut

2. Preliminaries
Some preliminaries are given in this section

Definition 2.1 [45] (Neutrosophic Vague Set)

A neutrosophic vague set Ayy (NVS in short) on the universe of discourse X can be written as
Any = {1 Tagy X) 5 Tagy X), Fayy (X)); x € X} whose truth-membership, indeterminacy-membership
and falsity-membership functions are defined as
Tagy @) =[T7, T*], To,, ) =[1", I']and Fa,(x)=[F", F*]
where (1) T* =(1- F7); F* =(1- T") and

(2-0< T +1" +F <2t

-0< T +1* + F* < 2%

Definition 2.2 [15] (Neutrosophic Vague Binary Set)
A neutrosophic vague binary set (NVBS in short) Myyg over a common universe
{Ul = {xj/ 1<j<njU,={n/1<k< p}} is an object of the form

TMyye &) IMyyve &) FMyyg %5) TMyy V) IMyyg K FMyyg k)
Myvg = {( nvB ¥ N\}I(? j nve ), VX € U, ) (—wve N\}/]E NVB Yy € U2>}

is defined as, (Vx; € U; & V yy € U,)
Tvnys &) = [TED, TFEDL Tvyys K= 17X, 17 (x)] and Py (%) =[F7(%;), F¥(x;)] and
Tiyys 010 =T~ 01D, TG Ty 0= 11731, T* (0] and Fuyyy 31 = [F~ (371, F*(y10)]
where (1) T*(x;) =1-F~(x;); F'(x)) =1- T7(xj) & T*(yi) =1-F (yx); F*(yx) =1- T~ (yx)
(2)70 S T~ (xDH(XDHF (%) < 2%,-0 < T~y )H ™ ()HF~ (1) < 2% or -0< T~ (%)~ X)+F~&D+T~ G+~ i+F~ (i) < 4*
“0< TH(x)HF (x)+F* (%)) < 2% 70 < TH i)+ (7i)+FH (i) < 2%or -0 < TH(x))+H* (%)+F* ()T i)+ i) +F (vi) < 47
(3) T7(xp, I7(x;), F7(xj) : V(Uy) — [0,1] and T~ (y), I" (i), F~(yi) : V(Up) — [0,1]
T*(xp), I"(x;), F*(xj) : V(Uy) = [0,1] and T*(yi), I (yi), F*(vi) : V(U) — [0,1]
Here V(U;), V(U,) denotes power set of vague sets on U;, U, respectively
Definition 2.3 [48] (BCI-algebra)
Let X be a non-empty set with a binary operation * and a constant 0. Then (X, *, 0) is called a
BCl-algebra if it satisfies the following conditions:
(@) ((xxy) *(xx2)) *(zxy) =0
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(i) ((x* (x* y)xy=0

(iii) (x * x)=0

(iv) (x * y)=0and (y * x)=0imply x=y, forallx, y,z € X

Remark 2.4 [48]

We can define a partial ordering < by x < yif and only if (x * y)=0

Remark 2.5 [48] (BCK - algebra)

If a BCl-algebra X satisfies (0 * x) =0 for all x € X, then we say that X is a BCK- algebra
Remark 2.6 [48]

A BCl-algebra X has the following properties:

i) (x*x0)=x;V¥xeX

(ii)) x*xy)*xz=(x=*2z)*xy; V Xy, z€X

(i) Ox(x*xy)=0*x)*(0=*y); Vxy€X

(i) x*(x* (x*y)=(x*y) ;Vxy€X

v) xS=y=>Kx=*z)S(y*x2) ;z*xy)<(z*x) ; Vxyz€X

(Vi) (x*2) % (y*2) S (x*y) ;Vxyz€X

(vii) 0 (0 ((x*2)*(y*2)=(0=*y)*0=*x) ; Vxyz€X

(viii) 0 (0O * (x *xy)=((0=*y)*(0=*xx) ;V xy€X

Definition 2.7 [2, 4, 6, 25, 52] (Sub-algebra, Ideal, p-ideal, g-ideal, a-ideal, H-ideal)
Any non-empty subset I of a BCK/BCI- algebra X is called,

- subalgebra /ideal /p-ideal /q-ideal /a-ideal /H-ideal - of X, if it satisfies the axioms given table:

INIA

Condition 1 Condition 2
Subalgebra of X Nil xxy)€Il; VxyE€el
BCK/BClI-subalgebra of X Nil (xxy)€EI; Vxyel
u be a fuzzy BCK/BClI-algebra of X Nil p(x *y) =min{p x) * n(y)}; vxy

€ X; ube afuzzy setin a BCK/BCI - algebra X
. Vp (x*y) > rmin {V,(x),Vo(¥)}; V Xy € X;
A be a vague BCK/BCl-algebra of X Nil {i. e, ta(x * y) = min {t, (), (D} 1= f4(x+y) = min (1— £,00,1 — f,()}

A be a vague set in a BCK/BCI - algebra X

Ideal of X 0€el x*y)€EIl & yel =>x€l  ;Vxel Vy€eX
u be a fuzzy BCI- ideal of X p0 = uX p(x) = minfp (x * y),p(y)}; V X,y € X; pbeafuzzy setina BCI - algebra X
BCK/BCI - Ideal of X 0€l (x*y) €l & yel=asxel ;vxel vyeX
p - ideal of X 0€el [(x *2z) x(y*x2z)] €l & yel=>xE€l ; VX y z €EX
q - ideal of X 0€el [x *(y*2z)] €l & y€el=>(x*2z) €l;VXxy z €X
a - ideal of X 0€el [x*z)* (0xy)] €l & z€l=>(y*x)€El; VX y z €X
H - ideal of X 0€l [x*(y*2z)]€l & yel=>(x+z) el;vVxy z €X
 be a fuzzy BCK/BCl-ideal of X (02 p(x) pt(x) 2min {p (x * y), W(y); V x, y €X; ube afuzzy set in a BCK/BCI - algebra X
vague BCl-ideal of X Va(0) = Va | Va)= rmin{ Vax * ), Va(y)} ; V¥ x, v €X; A- vague set in X

Remark 2.8 [6] (r min & r max)

Let D[0, 1] denote the family of all closed sub-intervals of [0, 1]. Now we define the refined minimum
(briefly, r min) and an order “<” on elements D1 = [a1, b1] and D2 = [a2,b2] of D[0, 1] as : ¥ min (D1, D2)
= [min {a1, a2}, min{b1, b2}]. Similarly, we can define >, = and r max. Then the concept of r min and r
max could be extended to define r inf and r sup of infinite number of elements of D [0, 1]. It is a
known fact that L = {D [0, 1], r inf, r sup, <} is a lattice with universal bounds [0, 0] and [1, 1].

Definition 2.9 [6] (Vague—cuts)

Let A be a vague set of a universe X with the true-membership function ta and false-membership
function fa. The (a, P)-cut of the vague set A is a crisp subset A « p of the set X given by
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Awp={x €X/Va(x) = [a, B] } where a < {. Clearly, A ©.0=X. The (a, B)-cuts are also called vague-
cuts of the vague set A.

The a-cut of the vague set A is a crisp subset A« of the set X given by A« = A (@, a.

Note that Ay =Xandif a > then Ag €& Acand A ¢ o= Aa

Equivalently, we can define the a-cut as Aa = {x € X/ ty(x) = a}

Definition 2.10 [50]

Given a non-empty set X, let Bx(X) and Bi(X) denote the collection of all BCK-algebras and all BCI-
algebras, respectively. Also, B(X): = Bx(X) U Bi(X).

For any (X, * 0) € B(X), a fuzzy structure (X, n) over (X, *, 0)is called a

e Fuzzy subalgebra of (X, *, 0) with type 1 (briefly, 1-fuzzy subalgebra of (X, *, 0) if
H(x *y) 2 min {u), u(y)t; v x, y €X

o Fuzzy subalgebra of (X, *, 0) with type 2 (briefly, 2 - fuzzy subalgebra of (X, *, 0) if
HOxy) < min {u), u(y) Vv x, y €X

e Fuzzy subalgebra of (X, *, 0) with type 3 (briefly, 3-fuzzy subalgebra of (X, *, 0) if
HOcxy) 2 max {u(), uy)l v x y €X

e  Fuzzy subalgebra of (X, * 0) with type 4 (briefly, 4-fuzzy subalgebra of (X, *, 0)
m(x *y) < max {px), wuy)h, vx, y €X

3. Neutrosophic vague binary BCK/BCI-algebra

In this section neutrosophic BCK/BCl-algebra is developed first, based on paper [6]. Neutrosophic
BCK/BCl-algebraic structure developed in this paper is a little bit different from the definition given
in paper [1]. Concept is extended to neutrosophic vague sets and to neutrosophic vague binary sets.

Definition 3.1 (Neutrosophic BCK/BCI-algebra)
A neutrosophic BCK/BCl-algebra is a structure Bumy= (MN, UBMn = U,*,0), *, 0) = (MN, U%MN, *, 0)
where,
(1) My is a non-empty neutrosophic set
(2) U®Mn = (U, %, 0) is the underlying BCK/BCI- algebraic structure, to the neutrosophic set
My with a universal set U, a binary operation “*” & a constant “0” . It satisfies the following

axioms :
() (e * uy) #(ug * 0,)) #(u * uy) =0 (i) (ue * (uy * uy)) * uy =0 (i) (1 * u)=0
(iv) (ux * uy)=0and (u, * uy)=0imply uy = uy, ¥ uy, uy, , u, € U(V)(0 * u)=0V u, € U
(3) “+” and “0” are taken as defined in (2)

which satisfies the following condition,
Ny (uX * uy) > rmin {NMN (uy), Ny, (uy)} ;Y uy uy € U. That s,

TMN (ux * uy) 2 min {TMN (uX)’ TMN (uy)} ; IMN (uX * uy) < max {IMN (ux)’ IMN (uy)} ’ l:MN (uX * uY) < max {FMN (uX)’ FMN (uY)}
Definition 3.2. (Neutrosophic vague BCK/BCI-algebra)

A neutrosophic vague BCK/BCI - algebra is a structure,
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By = (Myy, UMW = (U, %, 0), *, 0) = (Myy, UPMnv, ,0), where

(1) Myy is a non-empty neutrosophic vague set

(2) UBMNY = (U, * 0) isthe underlying BCK/BCI- algebraic structure to the neutrosophic
vague set Myy with a universal set U, a binary operation “*” & a constant “0” satisfies
the following axioms:
() ((uy* ) #(uy % 1)) *(u, % uy) =0 (i) ((uy * (ug * uy)) * uy =0 (i) (uy * u) =0
(iv) (ux * uy)=0and (u, * uy)=0imply uy = uy, ¥ uy, u, , u, € U
v)(0O xuy)=0V u, €U

(3) “*” and “0” are taken as defined in UBMny

which satisfies the following condition,

NVMNV(uX * uy) > r min {NVMNV(uX), NVMNV(uy)} ; VYV uy,u, €U . Thatis,
T () 2 0 (T 00, T (0} 7 Ty (=) = 5 g 00 o )} 5 P i) = (P (0, Py ()
General Outline
Let U = {0, uh, ud, uj, -—-, -, uf, -, --— ul} be a universal set with algebraic structure
UBMNV = (U, *, 0) where * is the given binary operation and 0 is the constant . Let U®MNv forms a BCK/BCI-

algebra. Corresponding Cayley table is given below:

* 0 R e el el e I
0| 0 ol oo o]|-—]o0o]o
u, uy 0 SN [RUUUE [RUR E (R R
u | ul | 0 SR (N [ [ —
e | e | e | e 0 | e | e | e | e |
e | e | e | e o | 0 | e | e | e |
LI e Il M M B e e e
U AU IS I R I R R N A
w, | uh | | e | e | e | e [ | 0

By taking U as underlying set, form a neutrosophic vague set Myy with neutrosophic vague
membership grades, for any uf € U,

k K y
T @1, 0z] 5 Up = 0 T , ; Up = 0 ~ ’ ; Uy = 0
W [az, a4] ; up # 0 Nv k0 NV k40

~ Corresponding neutrosophic vague set is,

M _ [“1'“2]'[31'Bz]'[Y1'V2] [“3'“4]'[33'34]'[\(3'74] [“3'“4]'[33'34]'[3'3”4] [“3'“4]'[33'34]'[3'3”4] [“3'“4]'[33'[54]'[73”4]
w = 1§ 0 ’ u} ! u2 T uk T ul )
p P P p

Algebraic structure By, = (Myy, UM, «, 0) is called a neutrosophic vague BCK/BCl-algebra if it
satisfies, NV, (uf = uf) > r min {NVy,, (ul), NVyy,,(u¥)} ; v ul,uf e U

Remark 3.3

Different neutrosophic vague membership grades are also applicable. It is explained in the general
outline of definition 3.4
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Definition 3.4 (Neutrosophic vague binary BCK/BCI- algebra)

A neutrosophic vague binary BCK/BCI- algebra is a structure,
Buyys = (Myp, UPMNVE = (U, %, 0), * 0) = (Myyp, UPMNvB, %, 0), where

(1) Myyp is a non-empty neutrosophic vague binary set

(2) UBMNvE = (U={U,UU,}, % 0) is the underlying BCK/BCI - algebraic structure to the
neutrosophic vague binary set Myyg with a universal set U = {U; U U,} [where U; and U, are

universes of Myyg & “U” is the usual set-theoretic union], a binary operation “x* &

a constant “0” satisfies the following axioms:

(D ((ux * uy) *(uy * uz)) *(uz *uy) =0 (i) ((ux * (ux * uy)) * uy =0 (iii) (ux * uy) =0

(iv) (ux * uy)=0and (u, * uy)=0imply uy = uy, V uy, uy , u, € U(v) (0 * u))=0V u, € U
(3) “+” and “0” are same as defined in U®Mnve

which satisfies the following condition,
NVBpyy g (Uy * Uy) 3= rmin {NVBy, . (W), NVBy (uy)}, ¥V uy, u, €U ={U; UU,} . That is,

TMNVB (uX * uY) = min {TMNVB (), TMNVE (uY)} ; TMNVB (uX * uY) < max {TMNVB (), TMNVB (uY)} ; ’FMNVE (uX * u}’) < max {?MNVB (), FMNVB (uY)}

Remark 3.5
(i) Every NVB BCK-algebra is NVB BCI-algebra too. Generally, converse not true! (proved: Theorem 7.3).

So distinguishing between structures of these two are important! To denote NVB BCK-algebra,

. #BCK . K
following structures can be used: BF:E = (MNVB, UPMwve, x, 0) or simply as B, = (MNVB, UMnve, 0).

Similarly, to denote NVB BCI — algebra, following structures can be used : 85 = (MNVB, UBNve, 0) or simply

as B! = (MNVBv USB]IV‘NVB' *, 0).

MnvB
(i) For NVB BCK algebra, notation for NVB BCK/BCI — algebra, i.e., 8By, = (Myyp, UPMnve, %, 0) is used in
this paper instead of using, those given in remark 3.5 (i)

(iii) Similarly structures for:

Neutrosophic :

N BCK - algebra : 85K = (My, UBHR, , 0) or 8, = (My, U, «, 0) or By, = (My, U, =, 0)
BCI

N BCI - algebra : %ﬁ‘;’ = (MN, UMy, 0) or simply as By, = (MN, U%IMN, *, O)

Neutrosophic vague:

NV BCK - algebra : 85K = (Myy, UBHY, 0) or B, = (Myy, UBNy, 0) or By, = (Myy, U, %, 0)

Mny

NV BCI - algebra : BBC (MNV, U%"‘;"Cb}v, *, 0) or simply as SB}V[NV = (MNV, U%IMNV, *, 0)

Mnvy

General Outline

Let Uy = {0, up, u3, u3, - , up} and Uy = {0, ug, uZ, ud, - : u’q} be two universes under
consideration. Let the combined universe U = {U; U U,} = {0, u}, u3, ud, -, ub, ul, uZ, ul, —
ug} = {0, uf, v?, ud, e , uk} (obtained by recording once, the common elements) be a set with a

binary operation * and constant 0 . Let U®Mwz = (U = {U; U U,}, *, 0) forms a BCK/BCl-algebra. By
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taking U = {U;UU,} as underlying set, form a neutrosophic vague binary set Myyg .
Let neutrosophic vague binary membership grades are as follows:

[ad,ad] ; uk =0 (89,821 ; us=0
| [, @3] ; u'; =u (81,831 ulé = ug
_ _ 2 £27. gk — 2
TMNVB(u:;) = { [dz,a%] : ull; = u'Z) TMNVB(ul‘;) = [81’_82_] '_uj : ta
l[ail,ag];u';:u}, [, Si].ul;=ui
[BY,BS];uk =0 [p1.p2];ug = 0
| 181, B31; uk = u} [pL P31 ul; =ug

. e . 2 21, gk —
forany uk € U, : { Ty, (uk) = { [B3.B3]; up = u? & forany uk € Uy : < Iyy,,(uk) = [p% p3]; uf =ul
l[pp Bs]; up =uj [pl'pZ] uf = ull
v?.v3l; ul; =0 [99,991; uk =0
[ v v3l; uf =uj (91,9215 ug = ug
P (o) = | E VA 5 = 0} Funn (1) = | (95,921 05 = g
l[erYZ] up = up [81,92]; ug =,

From this neutrosophic vague binary set Myyg, form neutrosophic vague binary membership grade
for U= {U; UU,} ={0, u}, u?,— — — u¥}as:

NVBMNVB(“P)' uf € Ujuf g Uy ub =0
NVBy,, (u§) ; uf € Uy, uf € Uy; uf # 0
k NVBuiyyp (ug) U NVBMNVB(UI‘:) ;uke U ukeU,; uk+0

!NVBMNVB(up 0) U NVBy,,,(u§=0);uf € U; ufeUuf = 0

for any uf € U : NVBy,,, (uk) =

ie., forany uf e U :

(max{Tyip (5 = 0), Ty (1 = 0)) = max(lac}, af], 89, 631); uf € Uy; uk € Uy = 0
T (uk) = TMNVB(ull;): uke Uj;uke¢ Uy ubk =0
e TMan(ulq()7 uf ¢ Uy, uf e Uy uf =0
ma X{TMNVB(ull;)' TMNVB (u'({)}. lllr( € Uy lllr( eU,; ulr‘ *#0
min{ly,,, (uf = 0), Iy, (uk = 0)} = max{[B3, B3] [pY,p31};uk € Uy; uk € U, uk = 0
i (uk) = iMst(“g)i ufe Ujsukeg Uy uk+0
B iMNVB(u'.{); uk¢ Uy, uke U,; uk+0
\ 1Ty (5), o (05)) 0 € U u €U, 5 w70
(mm{FMNVB(ul, = 0) FMNVB(uq 0)} mm{[[il,[;z] (0%, p01}; uk € Uy;uk € Uy; uk = 0
Fygo. (UK) = FMan(up) uf e Ujuf g Uy ub =0
Mmr FMNVB(uq) ;uf ¢ Uy, uf € Uy uf =0
mi n{?Man (“g).fmm (ul(:)}: u!.‘ € Uy; lllr‘ eU,; ulr‘ *+0

Corresponding Cayley table is given by:

* 0 |ul | w2 | - | uf

u! {u! | 0| — | — | —
w || 0| — | -
1V L 1 (R (U (i 0

Algebraic structure By, = (MNVB, UBMNve, 0) is called a NVB BCK/BCl-algebra, if it satisfies:
NVBp,; (uf * u¥) > rmin{NVBy,,(uf), NVBy, . (u¥)} ; v uf, uke U

TMNVB(uT * us) = min {TMNVE(u ) TMNVB(“ )} lMst(ur * lls) < max {lMNVB(ur) IMNVB(“ )} FMNVB(ur * us) < max {FMNVB(ur) FMNVB(US)}
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Remark 3.6

(i) Neutrosophic vague binary membership grade of common elements of U; and U, is got by
taking their neutrosophic vague binary union.

For eg., let U;= {0,1} and U, = {0,1,2} be two universes; - {U; UU,}={0,1,2}; U; nU, ={0,1}
» NVBy,,;(0) = NVB][JI;VB o)u NVB:\J,[ZNVB 0) ; NVB;,JI;VB (0) is the neutrosophic vague binary
membership grade of 0 in universe 1. Similarly, to other common elements.

(ii) It is to be noted that, neutrosophic vague binary membership grade of 0 is not same in U;, U,
generally. Similarly, to other common elements!

Example 3.7

Let U; = {0,a} and let U, = {0,1, 2} be the universes under consideration. Combined universe
U={U; uU,} = {0,a,1,2} with (U; nU,) ={0}. Cayley table to the binary operation * for U is
given as:

Clearly, UBMwe = (U = {U; UU,}, *, 0) is a BCK/BCl-algebra. Let a non-empty neutrosophic
vague binary set Myyg with underlying set U, is given as:

M _ { ([0.3,0.8],[0.1,0.3],[0.2,047] [0.2,0.3],[0.2,0.5],(0.7,0.8], ,[0.1,0.7],(0.7,0.8],(0.3,0.9] [0.2,0.6],[0.5,0.7],[0.4,0.8] [0.2,0.6],[0.5,0.7],(0.4,0.8]
NVB = , , ,

0 a i 0 1 2 )}

= V ufeU;and V ukeU,,

_ [0.3,0.8] if uk=0 ) [0.1,0.3] if uk=0 _ [0.2,0.7] if uk=0
K) — P . K) — P X K) — P
Tonuvn (45) {[0.2,0.3] ifuk=aor us=o0 ’ T (5) [0.2,0.5] if uf=a or uf=0 i P (5 [0.7,0.8] if uf=a or u=0

Ty (u) - [0.1,0.7]; if uk =0 e () = [0.7,0.8]; if uk =0 e (u) [0.3,0.9]; if uk =0
Mve\"a [0.2,0.6]; if uk=(1,2} or uk=0  MVid [0.5,0.7]; if uk=(1,2} or uf=0 ' "WEl'd [0.4,0.8]; if uk ={1,2} or uf=0

+ NVBpy,5(0) = ([0.3,0.8], [0.1,0.3], [0.2,0.7]) U ([0.1,0.7],[0.7,0.8], [0.3,0.9]) =
([o.3,0.8],[0.1,0.3], [0.2,0.7])

NVBy,,, (@) = ([0.2,0.3],[0.2,0.5].[0.7,0.8])  [since a is not a common element]
NVBy,,; (1) = NVBy,,(2) = ([0.2,0.6].[0.5,0.7] [0.4,0.8]); [since 1 and 2 are not a common element]

[0.3,0.8],[0.1,0.3],[0.2,0.7]; uk =0
= NVBp,5(u¥) = { [0.2,0.3][0.2,0.5],[0.7,0.8]; uk = {a} and u¥ = 0 ; (for any uk € U)
[0.2,0.6],[0.5,0.7], [0.4,0.8]; u¥ = {1,2}and uk # 0
It is clear after verification that, By, = (MNVB, UBMnve, 0) is a NVB BCK/BCI- algebra.
Remark. 3.8
(1)If Uy € U, then U= U, (2)If U, € Uy then U= U,
(2) The symbols > and ¥ does notimply our usual > or &
(3) In a Cayley table,
(i) principal diagonal elements of a BCK/BCl-algebra U is always zero, since (x*x) =0,Vvx € U
(ii) Using the property (x*0) =x ; V x € U of BCI- algebra, it is clear that (0 x0) =0
Every BCK-algebra is a BCl-algebra. Hence the above is true for BCK-algebra also
(iii) Body of first column of Cayley table for a BCI- algebra will be an exact copy of column of
operands, by using the property (x*0) =x V x € U. But 1% row need not be!
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(iv) Above is true for a BCK- algebra also, since every BCK- algebra is a BCI-algebra. In addition, for
a BCK- algebra, body of first row takes only 0, using the property (0*x) =0 ; ¥V x€ U

Binary Operation * Row of operands (Elements of U)

Column of operands (Elements of U) Body of Cayley table (occupy with elements got after binary operation taken via column vise row operations)

4. Neutrosophic vague binary BCK/BCI-subalgebra & Neutrosophic vague binary BCK/BCI-ideal

In this section N/NV/NVB BCK/BCI- subalgebra (neutrosophic/neutrosophic vague/neutrosophic
vague binary BCK/BCI - subalgebra) & N/NV/NVB BCK/BCI- ideal (neutrosophic/neutrosophic
vague/neutrosophic vague binary BCK/BCI - ideal) are developed. Priority is given for developing
sub-algebraic and ideal concepts to neutrosophic vague binary BCK/BCI- algebra [NVB BCK/BCI-
algebra]. For neutrosophic and neutrosophic vague, things are similar.

Definition 4.1 (Neutrosophic vague binary BCK/BCI-subalgebra)

A NVBSS Pyyg of a NVB BCK/BCl-algebra By,,, = (Myyg, UBMnve = (U, % 0), % 0) is called
NVB- BCK/BCI - subalgebra of 8By, if,

NVBp,,. (uy * u,) > rmin {NVBp (1), NVBp _(u))} ; V u,u,€U

TPNVB (ux * u}’) 2 min{TPNVB (uy), TPNVB (uY)} ; iPan (uX * uY) = max{iPNVB (uy), il’vi (u}’)}; FI’Mva (ux * u)’) = max{ﬁpnvs (uy), FPNVB(“Y)}

Definition 4.2 (Neutrosophic vague binary BCK/BCI- Ideal)

A non-empty NVBSS Pyyg of a NVB BCK/BCl-algebra, By, = (MNVB, UBMnve, +, O) is called a
NVB BCK/BCI- ideal of By, if

(i) NVBp,,,(0) > NVBp . (uy) ; forany uy € U

ie., Tl’NVB (0) 2 Tl:'NVB (uk); iPNVB (0) =< ipNVB (uge); ﬁPNVB 0) < ?pNVB (uy)

(ii) NVBpy,,(u,) > rmin {NVB,_ _(u, *u,),NVBp _(up)} ; for any u,u, € U

Toyyp (Ua) = mi“{TPNVB (uy * up), Tpy,, (up)}; Tpy,, (W) < max {iPNVB (uy * up), Ip, (up)} ; Fpy, (0,) < max{FpNVB (uy *up), Fp, (up)}

Remark 4.3

For NVB BCK - ideal underlying structure will confine to BCK -algebra and for NVB BCI — ideal

it will confine to BCK -algebra. For different ideals mentioned in definition 5.2, the same principle
follows.

Remark 4.4

Similarly, for neutrosophic and neutrosophic vague. Only difference is with sets Py, Pyy instead of
Pyyg in above definitions taken in order. It is trivial. Moreover, instead of U = {U; U U,}, for both
of them U is applied.

5. Various neutrosophic vague binary BCK/BCl-ideals

In this section vague H-ideal is developed first. Then p-ideal, g-ideal, a-ideal and H-ideal are
developed for NVB BCK/BCl-algebra By, = (MNVB,U&;MNVB = (U ={U; UU,}, * 0), *, 0)
Definition 5.1 (Vague H-ideal)

A vague set A of X is called a vague H - ideal of a BCI — algebra X if it satisfies

@) Va(0) = Va(x) (Vx€X) ;
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) t4(0) = t,(%) . t4(0) = t,(x)
e {1—f2(0) 100 {fi(m < fo)

. ta(x*2) = min {t,(x* (y *2)), ta(y)}
(i) Vax+2) > rminfVy(x« (v +2) Va®)} 5 (V%y2 €X) e, 11 — £, (x *2) = min{1 — £, (x * (y *2)), 1 — o)}

Definition 5.2 (Comparison of different NVB BCK/BCI- ideals)

Let By, = (MNVB,UBMNVB = (U ={U; UU,}, % 0), *, 0) be a NVB BCK/BCl-algebra. Conditions
for a non-empty NVBSS Pyyg of By, to become a neutrosophic vague binary BCK/BCI - p ideal,
neutrosophic vague binary BCK/BCI - q ideal, neutrosophic vague binary BCK/BCI - a ideal and
neutrosophic vague binary BCK/BCI - H ideal are given in the table below:

Condition (1) ; (Vv ug € U) Condition (2) ; (for any u,, Uy, U, € U)
NVB BCK/BCI p-ideal | NVBp_.(0) 7 NVBp . () NVBp,,.(Uy) = rmin{NVB;p_ . ((u, * ug) » (up * uc)), NVBp, . (Up)}
NVB BCK/BCI g-ideal | NVBp,, (0) 7 NVBp,, (Uy) NVBp,,,(Ua * Uc) 7 r min {NVBPM ((ua * (U * uc))) NVBpy,, (ub)}
NVB BCK/BCI a-ideal | NVBp,,,(0) 7= NVBp_ (U) NVBp,,, (Up * Uy) Z= 1 min{NVBpNVB (((ua *Ug) (0 ub))) ,NVBpy,, (uc)]
NVBBCK/BCI H-ideal | NVBp,,(0) 3 NVBp__(uy) NVBp,, (U, * U) 7 rmin {NVBp,, ((ug * (up * up)) ), NVBp,, (up)}

6. Neutrosophic vague binary BCK/BCI - cuts

In this section N BCK/BCI-cut, NV BCK/BCI-cut and NVB BCK/BCI-cut are developed

Definition 6.1 (Neutrosophic BCK/BCI-(a, B,y) — cut or Neutrosophic BCK/BCI-cut)

Let the neutrosophic set My isa N BCK/BCl-algebra with algebraic structure By, = (My, UM~ x,0).
Truth membership function, indeterminacy membership function and false membership function of
My are Ty, Imy, Fum, respectively. A neutrosophic BCK/BCI (o, B,Y) - cutof By, is a crisp subset

MN (o) ©Of the neutrosophic set My given by:
MN(apy) = {ug € U/ Ny (w) > (o, B,y) ; with o, B,y € [0,1] }

= (e € U/Tyy ) = @ Ty (W) S B; Fugy () < 5 with oo By €[0,1]}
Definition 6.2 (Neutrosophic Vague BCK/BCI ([a;, a;], [B1, B2) [V1,72]) - cut or Neutrosophic Vague BCK/BCI- cut)
Let the neutrosophic vague set Myy is a NV BCK/BCl-algebra with algebraic structure
Bmyy = (MNV, UBMny = (U,*, 0), *, 0). Truth membership function, indeterminacy membership
function and false membership function of Myy are TMNV’ TMNV’ FMNVrespectiver. A neutrosophic
vague BCK/BCI ([ay, 3], [B1, B2), [Y1,¥2]) - cut of By, is a crisp subset MNV (s (81,85 [V y2]) of
the neutrosophic vague set Myy given by :
MNY (foty 1181 B2 V2. v2D)
= {uk ev/ NViyy (W) 2 ([0, &), [B1, B2) [Y1,V21) s where oy < oy, By < By, v1 <y with ay, o, By, B2 Y1,¥2 € [0, 1]}
={uc €U/ Ty, (W) = [ag, o] 5 Ty, (W) < [B1, Byl Fatyy (Wi < [v1,¥,1} 5
ie, T"(w) =a; and T*(u) = o, ; I7(u) <B; and 17(u) <B, ; F(u) <y, and Fr(u) <v,
Definition 6.3 (Neutrosophic Vague Binary BCK/BCI {([a;, a;], [B1, B2) [V1,V2]), ([81,85), [P1, p2), [91,92])) - cut

or Neutrosophic Vague Binary BCK/BCI- cut)

Let the NVBS Myyg is a NVB BCK/BCl-algebra with algebraic structure,
By = (MNVB, UBMNVE = (U = {U; U Uy} %, 0), *, 0). Truth membership function, indeterminacy
membership function and false membership function of Myyg are Tuyyg, IMyys Fmyygrespectively.
A neutrosophic vague binary BCK/BCI (([ay, o], [B1, B2 [V1, Y21), ([81, 82), [P1, p2], [91,92])) - cut of
Bunyp 18 @ crisp subset Mve a, ,118, 6,11v1 2005182 01 p2) 10,0, OF the NVBS Myyp given by :

[y, 051, [B1, B2l [Y1, v2] 5 ifuy € Uy
MNVB ([0, 0,108 Bl 272D (1,521 0ol 03,0, = (Ui € U/ NVBuyy (W) > 18,8, [p1, P21, [9:, 921 5 if we € Uy
Xw X2 [D1, d2], [y, 0] 5 ifwe € U;NU,

max{[ay, o], [81, 8,1} = [X1, Xx2](say); min[By, B2l [Py, p21} = (¢, ¢,] (say); min{[yy, vzl [91,92] =[m,, ;] (say) ;
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with ay, 0z, By, Bz Y1, Y2r 81, 82, 1 P2, 91,92, X1, Xar $1, G2, Ty, T € [0, 1]

and 0; Sy, Br<PBy, Vi<V s 818, pr<pr, N xS, pi1<d; mEW

i-e-/ TMNVB (le) = [all aZ] ; TMNVB (uk) < [Bll BZ] ; ?MNVB(uk) =< [Y1FY2]
TMNVB (uk) = [811 82] ; IMNVB (uk) = [p1' pZ] ; FMNVB (uk) = [81!82]
TMNVB (uk) = [Xl’XZ] ; IMNVB (uk) < [q)l' ¢2] ; FMNVB (uk) =< [Ttl'T[Z]

ie, T7(u) =0a; and T () = a, ; I7(w) <B; and IT(uy) <B, ; F () <y, and F*(u) <v,
T (u) =68, and T*(u) =6, ; I"(u) <p, and I*(u) <p, ; F(n) <9, and F*(y) <9,
T (u) =X, and TH(w) = x, ; 17(w) < ¢, and 1M (w) <, ; F(w) <m and FF(y) <,
Remark 6.4
@) (a) Myyg([0,0],[1,1],[1,1]) =U
(b) Myyg(([0,0], [1,1],[1,1]), ([0,0], [1,1], [1,1])) = U = {U; U U;}
(ii) If [oy, ;] and [84,8,] coincides; [By, B,] and [p4, p2]coincides; [v;,v2] and [9;,9;]
coincides, then ({[ay, az], [B1, B2) [Y1, v21) ([81, 821, [P1, p2), [91,92])) — cuts are called
([ag, az], [By, B2l [Y1, Y21 ([ay, a2 ], [B1, B2l [Y1, ¥21)) - cuts and is denoted by
MNVB (aty 118182111720 61,5,) 1St€AD OF My o118, 81072, va DTty o 1B B2, v21)
(i) If (o, a3) B3, B3], [vi, v3]), (83, 850 [p3, p3) [0, 931) = ([, @), [By, B2), [y, v21), ([81, 85, [P1, 2], [94,9,1))

then MNVB(<[al,az].[ﬁl.ﬁz],[vl,vz]).([él.éz],[pl,pz],[elrez])) = MNVB(([airaél.[ﬁiVBE]'[YLYE]>'<[5i'521'[PI'OE]'[SI'SE]))
7. Application

In this section theoretical application of NVB BCK/BCI algebra is developed. Various theorems and
propositions are found good to this concept.

Lemma 7.1
BCI
Every NVB BCI - algebra By, of a BCI -algebra UPMNVE  satisfies:
NVBMNVB (0) NVBMNVB (uk) \4 uy € U= {U U Uz}
Proof

For a By ., underlying BCI - algebraic structure satisfies, (uy * u) = 0, V u, € U
[By property (iii)of definition 2.3]
= V uy € U, NVBy,; (0) = NVBy o (uy % uy) = r min{NVBy - (uy), NVBy o ()} = NVBy o (1)
[By definition 3.4]

Lemma 7.2

Every %ﬁ%‘fm satisfies NVBy,,(0) = NVBy . (u) ; V u, €U

Proof

For a By , underlying BCK- algebraic structure satisfies, an additional condition,

(0% uy) =0,Vuy €U besides (uy *u) =0, Vu, €U ; [By remark 2.5]
= Additional to, NVBy;,,;(0) > NVBy . (u) ; V ux € U [by lemma 7.1], we get,
NVBpiyyg (0) = NVBy o (0 % uy) 3= r min{NVBy - (0), NVBy - (u)}; Vu, €U
= NVBy,,5(0) > rmm{NVBMNVB(O),NVBMNVB(uk)} ; V ug €U, for %fﬁfm

& rmin{NVBy,,(0), NVBy .. (u)} will depend upon the given NVBS Myyg
= NVBpyy(0) > NVBy . (W) and NVBy,,(0) > rmin{NVBy,,,(0), NVBy .. (w0}
Even if r min{NVBy,,(0), NVBy, . (u)} will depend upon the given NVBS, using lemma 7.1,
NVBpyyys (0) > rmin{NVBy,.(0),NVBy . (u)} will become NVBy,,.(0) > NVBy . (u)
= NVBpyyg(0) = NVBy () and NVBy,,(0) = NVBy () Vu, €U
So, combmmg both, for a Byjvg 100, NVBy . (0) = NVBy () ; Vu, €U
Remark 7.3
Every Biix ./ B . satisfies: NVBy,, (0) > NVBy . (uy) ; Vu, € U

MnvB MnvB

i.e., Every NVB BCK/BCI - algebra satisfies: NVBy,,,(0) = NVBy . (u) ; Vu, €U
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Theorem 7.4
BCK BCI : BCI BCK
Every By, isa By, But converse not true, generally. i.e., every By, .isnota By, . generally.

Proof

For a fixed universal set U, underlying BCK - algebraic structure of Byjv,consists the underlying
BCI - structure of By, = Every ByK_ is By .. But converse does not hold. Itis illustrated with
the case (i) of remark 7.5.

Remark 7.5

Following example illustrates both the cases:

Let Uy ={0} and let U, ={0,1} be the universes under consideration. Combined universe
U={U, uU,} = {0,1} with (U, nU,) =1{0}.

. Cayley table to the binary operation * for U is given as:

* 0 1 * 0 1

1 010

1110 11110
BCl-algebra [fig (i)] BCK/BCl-algebral[fig(ii)]

Clearly, USB'l‘a"(;\IIVB = (U={U; UU,}, *,0) is a BCl-algebra [fig (i)].

UM = (U = {U, U Uy}, *,0) isa BCl-algebra [fig (ii)].
Case (i) : Example for a 85! = whichisa 8K

MnvB MNVB

Let Myyp be a non-empty NVBS with UBMNVE as underlying algebraic structure:

0.1,0.8],[0.1,0.5],[0.2,0.9 [0.3,0.7],[0.2,0.4],[0.3,0.7] [0.1,0.4],[0.3,0.5],[0.6,0.9
My = {(2800020%), | [20702000207 RAAMRACIRON  Here, (U, nUZ) = {0}
NVBMNVB(O) = ([0.1,0.8],[0.1,0.5],[0.2,0.9]) u ([0.3,0.7],[0.2,0.4],[0.3,0.7]) = [0.3,0.8],[0.1,0.4],(0.2,0.7]
BCI BCI BCK

After verification, clearly Myyg is a By, ,- Next question is that, - “whether By, isa By, or
not “? ~ Additional condition to be satisfied is that, for a BCK-algebrais, (0 * 1) =0 from Cayley
table fig (ii). Correspondingly,
NVByy,ys (0-1) > rmin {NVByy,,(0), NVBy,, (1)} = NVBy,,.(0) > rmin {NVBy,,.(0), NVBy,, . (1)}
= [0.3,0.8],[0.1,0.4],[0.2,0.7] > rmin {[0.3,0.8],[0.1,0.4],[0.2,0.7], [0.1,0.4],[0.3,0.5], [0.6,0.9]}
= [0.3,0.8],0.1,0.4],[0.2,0.7] 3 [0.1,0.4],[0.3,0.5],[0.6,0.9]
Since additional condition got satisfied, By
Povs Which is nota BpC<
Take binary operation and Cayley table as taken in Case (i).
Consider another NVBS Pyyp with same conditions as in case (i)
[0.1,0.5],[0.2,0.5],[0.5,0.9], ,[0.1,0.6],[0.3,0.3],0.4,0.9] [0.1,0.7],[0.3,0.4],[0.3,0.9]
Pyvs = {¢ } )¢ - : : )}
NVBp,,(0) = ([0.1,0.5],[0.2,0.5],[0.5,0.9]) U ([0.1,0.6],[0.3,0.3],[0.4,0.9]) = [0.1,0.6], [0.2,0.3],[0.4, 0.9]
By verification Pyyp isa %FNVB But in this case, additional condition not got satisfied:
NVBp,,; (0 * 1) ¥ rmin {NVBp,.(0), NVBp (1)} [Since, NVBp, . (0) * rmin {NVBp . (0), NVBp (1)}
Since, [0.1,0.6],[0.2,0.3],[0.4,0.9] # r min {[0.1,0.8],[0.2,0.3],[0.2,0.9], [0.1,0.7],[0.3,0.4],[0.3, 0.9]}
Since, [0.1,0.6],[0.2,0.3],[0.4,0.9] # [0.1,0.7],[0.3,0.4], [0.3,0.9]]
In this case, clearly, B, isnota Bpor.
Theorem 7.6
Intersection of two NVB BCK/BCI -algebra remains as a NVB BCK/BCl-algebra itself.
Proof
Let Myyp and Pyyp be two NVB BCK/BCI -algebras with structures By, = (Myys, UPMnve x, 0)

BCK
MNvVB*

is clearly a 8B
Case (ii) : Example fora B
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and Bp.,, = (PNVB, U®Pnvs, x, 0) respectively, with same universal sets U; and U, .
So, V uy, u; € U, NVB(myygnpyys) (W * Uz) = rmin{NVBy . (u; * up), NVBp (U % u,)}
> r min{r min{NVBy, 5 (u;), NVBy . (up)}, rmin{NVBp ___(u,),NVBp___(u;)}}

=1 min {NVB(MNVBOPNVB) (uy), NVBMyypnPve) (uz) }

Therefore, NVB(myygnpyyg) (U1 * Uz) = 1 min {NVBmyysnpyys) (W) NVBMyysnpayvs) (U2) }
= (Myyg N Pyyp) is also a NVB BCK/BCI - algebra

Proposition 7.7

Every NVB BCI - ideal Pyyg of a By, . satisfies:

(i) ua <up = NVBp . (u,) = NVBp . (u,) ; (Vu,,u, €U)

(ii) NVBp,,p(u, * uc) > r min {NVBPNVB((ua * Up) * uc), NVBp, s (ub)}; V uyup,u. €U
Proof

(i) Let u,, u, € U be such that u, < uy,.

Since Pyyp is a NVB BCI - ideal of QS],?,[CI\]'VB
= NVBp,(Ua) > rmln{NVBPNVB (ug * up), NVBp (ub)} [By condition (2) of definition 4.2]
=rmin {NVBp,,(0),NVBy  _(uy)} , take (u, *up) =0

= NVBp,,;((up)) [Bylemma 7.1]
= NVBp 5 (us) = NVBp - (up)
(ii) Let Pyyg be a NVB BCI - ideal of %]E/ICNIVB
= NVBpy,;(U,) = rmin{NVBp - (u, * up,), NVBp . (up) } ; V usup €U
= NVBp,,; (U, *u) > rmin{NVBp - ((u, * u) * up), NVBp, . (up) } ;
[by putting u, = (u, *uc); V u,, up, u, € U]

= NVBpy,z(uy*xur) =1 mm{NVBPNVB((ua *Up) * U ) NVBp,ys (ub)} [By property (ii)of remark 2.6]
Lemma 7.8
Let Pyyg be a NVB BCl-ideal of Bf . Then, NVBp,. (0% (0 * uy)) = NVBp (u); ¥ ui € U
Proof
NVBp, s (Us) = 1 mln{NVBpNVB (ug * up), NVBp o (ub)} for any u,,u, € U [ By definition 4.2]
Let u, = (0 (0 = u)) and up = uy.

+ Forany uy € U, NVBpy (0 # (0 u)) = rmin {NVBp (0% (0 w) * uy ), NVBpy . (w0}

=r mm{NVBpNVB((O *uy) * (0 * uk)), NVBp, s (uk)}, [By property (ii)of remark 2.6]

=r min{NVBpNVB (0 * (uy * uk)), NVBp,vs (uk)}; [By property (iii)of remark 2.6]
=r min{NVBPNVB (0% 0),NVBp o (uk)}; [By condition (iii)of definition 2.3]
=r min{NVBPNVB (0),NVBp s (uk)}; [By property (i)of remark 2.6]
= NVBp, (ur) [By lemma 7.1]

~ Itis concluded that, NVBy (0 * (0 * uk)) NVByyys (W) 5 ¥V u €U
Proposmon 7.9
If the NVBS Ryyp of By, isa NVBBCI - ideal of By ., then it satisfies: for any u,, up, uc € U ;
(uy * up) < ue = NVBgy,,(u,) 7 rmin{NVBg (u,), NVBg . (u)}
Proof
Let Ryyp be a NVB BCI - ideal of By, with (U, * up) < u. where u,, up, uc € U
= NVBgy,g(Ua * up) = NVBg . (u.) [By proposition 7.7]
Since Ryyp be a NVB BCI - ideal of By
= NVBgyys(Ua) > rmin {NVBg,,(u, * up), NVB . (u,)} for any u,,u, € U
> rmin {NVBg,,(uc), NVBg  (u,)} =rmin {NVBg,,(uy), NVBg . (u.)}
= NVBgyys(Ua) > rmin {NVBg,,(u,), NVBg . (u)} forany u,, upu. €U
Proposition 7.10
If the NVBS Ryyp of By, isa NVB BCI - algebra BRG, . of then it satisfies for any uy,uy,u, € U
(u, * up) < ue = NVBgy,, (U,) > rmin {NVBgy,, (up), NVBg . (u.)}
Proof
Let Ryyg be a NVBS of By, swith (U, *up) Su. = NVBgy . (u) > NVBgy, . (U, * up)
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Ryvp isa BRSL . = NVBgy,; (U, * up) > rmin{NVBg_ (u,),NVBg . (up)}
= NVBgyyp (W) = NVBg - (u, * up) > rmin{NVBg - (u,), NVBg . (up,)}
= NVBgy,5 (Uo) # rmin{NVBg __(u,),NVBy (up)}
= NVBg, 5 (W) = rmin{NVBRNVB (ue), NVBR s (up)}; [By putting u. = u, &u, = u.]
= NVBgyys (Ua) > rmin{NVBg (uy), NVBg . (u.)};
Theorem 7.11
Let Syyg be both a NVB BCl-algebra BEC! = and a NVB BCl-ideal of a NVB BCI - algebra B8 _.
Then NVBg,, (0 * uy) > NVBg, () forall uy €U
Proof
Let Syyg be a NVB BCI- algebra B§¢!
= NVBs,,, (U, * up) > rmin{NVBg___(u,),NVBg . (up)}; for all u,,u, € U
= NVBs,,,; (0 * up) > rmin{NVBg, . (0),NVBs__(u,)}; [By puttingu, = 0]
= NVBg,, (0 *u,) > NVBg _(u,) [By definition 4.2 (i)]
= NVBg, (0 *u) > NVBg . (u) [By putting up= uy]

~ Forany uy € U, NVBg,, (0 *uy) > NVBg . (uy)
Propos1t10n 7.12
Let Tyyp be a NVB BCI - ideal of a NVB BCI -algebra By, -
If Tyyg satisfies NVBry, (U, * u,) > NVBTNVB((ua *ug) * (uy, * uc)) for all u,,uy,u. €U,
then Tyyg isa NVB BCI p - ideal of By
Proof
Tyys be a NVB BCI - ideal of a NVB BCI - algebra By, -
= NVBry s (Ua) =1 min{NVBTNVB (ug * up), NVBr 0 (ub)} for all u,,up,u. €U
= NVBr (W) » rmin{NVBr_ _((u, * u) * (up * up)), NVBy .. (up)} forall u,, up,ue €U

[From given condition]

= Tyvg is a NVB BCI - p ideal of By [By definition 5.2]
Proposition 7.13
Any NVB BCI - ideal Dyyg of a NVB BCI -algebra By . isa NVB BCI -p ideal
& NVBp,,,(u,) > NVBy (0% (0*u,)) ;forall u, €U
Proof
Let Dyyg be a NVB BCI - ideal of a NVB BCI -algebra %ﬁCNIVB Also let Dyyg is a NVB BCI -p ideal.

= NVBp,,s(Us) =1 mm{NVBDNVB((uE1 xug) * (Up * ug)), NVBp s (up)} for all u,,up,u. € U

[By definition 5.2 of NVB BCI — p ideal]

Put u. = u, and u, =0 in the above,

= NVBp,s(Ua) =1 min{NVBDNVB((ua xuy) * (0 * up)), NVBp, s (0)} for all u,,up,u, € U
= NVBp,,(U,) = rmin{NVB, (0 * (0 u,)),NVBp . (0)} forall u,,u, € U

[By condition (iii)of definition 2.3]
= NVBp, 5 (0% (0= u,)) forall u, €U [By lemma 7.1]

= NVBp,,;(u,) = NVB, (0% (0% u,)) ;forall u, €U
Conversely, let a NVB BCI - ideal Dyyg of a NVB BCI - algebra By = satisfies the given condition,

NVBp, g (Ua) Z NVBy o (0 * (0 * ua)) for all u, € U. By lemma 7.8,
“Let Pyyp be a NVB BCl-ideal of ByCr . Then, NVBp . (0 (0 xuy)) > NVBp . (u); V uy € U”

= NVBp g (U * u0) * (1 * u0)) < NVBMNVB (0 (0% (U * u0) * (up » uc)))>
[By putting u, = (u, *uc) * (up * uc) inlemma 7.8]
NVBDNVB((O *up) * (0 * ua)) [By property (vii)of remark 2.6]
= NVBpyp (0 % (0 (u, ub))) ; [By property (viii) of remark 2.6]
NVBp 5 (0 * (u, uy)) ; [By property (i) of remark 2.6]
NVBp, 5 (Ua * up) ; [By property (i) of remark 2.6]
= NVBp,yp (Ug * Up) > NVBp,p (U % ue) * (up * up))
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= NVBp,,; isaNVBBCI - p ideal [ By proposition 7.12]
Theorem 7.14
Every NVB BCI - p ideal of a NVB BCI - algebra By is a NVB BCI - ideal of Byjqyp-
Proof

Let Myyg be a NVB BCI - p ideal of a NVB BCI - algebra BE:! . By definition,

MnvB
NVBpyy, g (Ux) Z I min {NVBMNVB ((uX * Uy, ) * (u * uz)) » NVByMyvs (uy)} for all uy,uy,u, €U
Put u, =0 then the above becomes,
NVBy, (Uy) > r min {NVBMNVB ((uX % 0) * (uy O)) NVBumyys (uy)} for all uy,u, €U
=r mm{NVBMNVB (uX * uy), NVBumyyp (uy)} for all uy,u, €U
[By property (iii)of 2.3 &By property (i)of remark 2.6]
= NVBumyys (Ug) > rmin{NVBy, . (uy * uy), NVBy,- (uy)} forall ug,uy, €U
Obviously, Myyp is a NVB BCI - ideal
Converse of this statement need not be true and it can be verified with an example and is trivial.
Theorem 7.15
Every NVB BCK/BCI H - ideal of a NVB BCK/BCI - algebra Bmyyp acts both as
(i) NVB BCK/BCI - ideal of By, (ii) NVB BCK/BCI - subalgebra By,
Proof
Let Iyyg be a NVB BCK/BCI- H ideal of a NVB BCK/BCI - algebra By,
(i) From definition of NVB BCK/BCI- H ideal,
NVBj5 (U, * uo) > min{NVB__(u, * (up * u.)), NVB . (up)} forall u,, up,uc € U
Put u. =0
NVBj (U, * 0) > min{NVB, . (u, * (up * 0)), NVBy,, (up)} for all u,,up, uc € U
= NVBj 5 (Ua) = mln{NVBINVB (ug * up), NVBy o p (ub)} for all u,, uy,u. €U
[Using property (i)of remark 2.6]
Since Iyyg is a NVB BCK/BCI- H ideal = NVB;,(0) > NVBy,,(uy) ; for any u, € U
~ Iyyg is a NVB BCK/BCI - ideal of By 5 [By definition 4.2]
(ii) Let Ixvg be a NVB BCK/BCI- H ideal of By,
~ NVB 5 (U *ue) =r mm{NVBINVB (ua * (up * uc)) NVB; 5 (ub)} for all u,, uy,u. €U
= NVBj, (U, * up) > rmin{NVB, _(u, * (up, * up)), NVBy . (u,)}; [By putting u, = uy]
= NVBj 5 (Ua *xup) =1 min{NVBINVB (ug * 0),NVBy 5 (ub)}; [By condition (iii) of definition 2.3]
= NVBj,z (U, *up) =1 min{NVBINVB (u), NVBy o (up)}; [By condition (i)of remark 2.6]
= Iyvg be a NVB BCK/BCI - subalgebra of By,
Theorem 7.16
Pyvg be a NVBS of a NVB BCK/BCI - algebra By, ;- Then Pyyg is a NVB BCK/BCI -ideal of By,
& it satisfies the following conditions:
(1) NVBpyp(ua * up) = NVBp . (up) ; (Vuy, uy € U)
(ii) NVBp 5 (ua % ((ug * up) * un)) > rmin {NVBp . (Uyn), NVBp  (u) } 5 (Y uy,up,u, € U)
Proof
Let Pyyg be NVB BCK/BCI - ideal of By, By definition,
NVBp,, 5 (u,) = rmin{NVBp_ (u, * up), NVBp - (u,) } ; V u,up €U
(i) Put u, = (u, xuy) and up = u, in the above,
NVBp,p (Us * up) = rmin{NVBp - ((u, * up) *u,),NVBp . (u,) }
= NVBp,, 5 Uy *x up) > rmm{NVBPNVB((ua *Uy) * ub), NVBpp(Ua) }; [By property (ii)of remark 2.6]

=
=

= NVBpy,; (U * up) = rmin{NVBp_ (0 * up,),NVBp . (u,) }; [By condition (iii)of definition 2.3]
= NVBp, ., (Us * up) = 1‘min{NVBPNVB (0 * up), NVBp, . (1) }; [By assumption u, = uy]
= NVBp,, (U, * up) > rmin{NVBp . (0),NVBp_(up) } ; [By remark 2.5]
= NVBp 5 (Us xup) = NVBp (uy,) [Using lemma 7.1]

(ii) Consider, (uz,1 * ((ug * upy) * un)) *Upy

= (ua * um) * ((ua * um) * un) < u,
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[ By condition (ii)of remark 2.3, (x * (X * y)) xy =0 = x=* (x*y) <ybyremark2.4 1
IHere, (ua (U * up) * un)) f ity = (U * Up) * (U * Up) * ) = ((Ug * ) * (g * up)) *U, = 0 * u, = 0. Soremark 2.4 is applicable in this casel
l Since (g * Up) * ((Ug * Up) *Uy) = 0 we have (g * up) * ((Ug * up) * uy) <y J

Above can be written as, (ua % (U * up) * un)) * Uy < uy

= NVBp, 5 ((u * ((ua * Uy ) * un)) * Uy ) 7 NVBp, 5 (up) [By proposition 7.7]
Pyvg is a NVB BCK/BCI -ideal of By, = NVBp,,(u,) = r mm{NVBPNVB (uy * up), NVBp o (up)}
Put u, = ( U, ((ua * U ) * un)) & u,= up, in above,

NVBp,,s (U ( % ((ug *up) *u )) rmin {NVBPNVB ((ua % ((ug * up) * un)) * um) ,NVBp, 5 (um)}
=r min {NVBPNVB (uy), NVBp o (up)} [proved above]
> rmin {NVBp (), NVBp (u,)}
= NVBpyyp (Ua * ((Ua * ) * ) 3= 1 min {NVBpy ., (), NVBpy o ()} 5 [V g U, 1, € U]
Conversely,
Let Pyyg be a NVBS of a NVB BCK/BCI - algebra By, satisfying, the given conditions,
(1) NVBp, 5 (Ua * up) = NVBp . (u,) ; [Vu,u, €U]

(i) NVBpyyy (e * ((Ua * um) * uy)) > rmin {NVBp, (), NVBp (U} ;
[V ua' um' un € U ]
To prove condition (1) of a NVB BCK/BCI - ideal, take u, = u, in (i) and (ii) respectively,
(i) = NVBpy,, (U, *u,) = NVBp _(u,) = NVBp (0) > NVBp (u,);
[By property (iii)of definition 2.3]
To prove condition (2) of a NVB BCK/BCI - ideal,
take, NVBp ., (u,) = NVBp . (u, = 0) [By property(i)of remark 2.6]

= NVBpyyps (ua * ((ug * up) * (uy * ub))) ; [By property (iii)of definition 2.3]
= NVBpyp <ua * ((ua * (uy * ub)) * ub)) ; [By property (ii) of remark 2.6]

= NVBp 5 (ua * ((ua * Uy ) * un)) ; [By putting (u, * up) = u,, and u, = uy]
> rmin {NVBPNVB (Um), NVBp 0 (un)} ; [By condition (ii) in the assumption]
=r min {NVBPNVB (uy * up), NVBp o (up)}; [By putting (u, * up) = uy, and up, = u,]
= NVBp,,,(U,) > rmin {NVBp,,(u, *up), NVBp  _(up)}
= Pyyp is a NVB BCK/BCI - ideal of By,
Theorem 7.17
Let Myyg be a NVB BCK/BCI - algebra By, ,,- Then any NVB BCK/BCI - cut of Myyg is a crisp
NVB BCK/BCI - subalgebra of By,
Proof
Let for any oy, a3, By, Bz, Y1, Y2, 81,82, p1.p2, 91,92 € [0, 1],
MNV (fay 181,821 v v2D (151521 [pup21 91,0, D€ @ NVB BCK/BCI -cut of Myys.

Assume Uy, Uy € MNVB (1o, o, (8, 6,1 1y1,v21.(181,621[01.051181,92)
= NVBuyyp(Ux) = [y, 5], [Br, B2l [Y1, v2] & NVByy 5 (uy) = ([84, 821, [P1, p2] [91,92])
NVBmyys (uy) > [y, 0], [By, B21 [v1, v2] & NVBumyvs (Uy) = ([84, 621 [Py, P2, [91,921)
= TMNVB (uy) = [og, 03] ; iMNVB (u) < [B1,B2] ; FMNVB(UX) <[y v2] &
TMNVB (uy) = [84,8,] ; TMNVB (uy) < [p1,p2] ; ?MNVB (uy) < [91,9,]
Tvnys (uy) [, 0] 5 Tvyyg (uy) < [Bu,B2] ; FMNVB(uy) < [v1 2]
TMNVB (uy) (81,8, 1; TMNVB (uy) = [pl'pZ] ; FMNVB(UY) [91, 9,]
Myyg is a NVB BCK/BCI -algebra By, = NVBumyyps (uX * uy) rmm{NVBMNVB (uy), NVByi s (uy)}
= T () 2 0 (T 000, Tty ()] T 0 ) 2 0 Qg 0 Tt (0035 Fr s # 1) = (P 000 P (1)
= (U y) € MNVB (g, 18, 111 v D) 184521 001,92102.05D
= NVB BCK/BCI - cut MNVB([0(1.0(2]'[31.Bz]r[YLYz])r([SLSz]'[P1‘Pz]'[91,\92])
subalgebra of By,

of Myyg is a crisp NVB BCK/BCI -
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8. Conclusions

In this paper, two logical algebras viz., BCK and BCI are developed for neutrosophic vague binary
sets. It's subalgebra, ideal and cuts are also got discussed. Different kinds of ideals like p ideal, q
ideal, a ideal, H ideal for neutrosophic vague binary BCK/BCI -algebra have been investigated.
Theorems and propositions related to this concept are verified. In this paper BCK/BCI-algebra for
neutrosophic sets are firstly developed. Then it is extended to neutrosophic vague and to
neutrosophic vague binary. Work can be further extended to higher concepts like its group, rings,
filter, near-rings etc. Behavior differences of these two algebras in different algebraic notions have to
be addressed more deeply and properly to get a correct vision. This area demands some more notice
and filtering to find out its correct drawbacks. Further investigations will make it, to balance its moves
to the correct direction. Medial BCI -algebra, commutative BCK-algebra, Associative BCI — algebra,
BCK/BCI- homomorphisms, bounded commutative BCl-algebra are a few points have to be
addressed and have to be analyzed more.

Funding: “This research received no external funding”

Acknowledgments: Authors are very grateful to the anonymous reviewers and would like to thank for their
valuable and critical suggestions to structure the paper systematically and to remove the errors.

Conflicts of Interest: “The authors declare that they have no conflict of interest.”

References

1. Agboola. A. A. A and Davvaz. B, Introduction to Neutrosophic BCI/BCK - Agebras, International Journal
of Mathematics and Mathematical Sciences, 2015 , Volume 2015, 6 pages, Article ID 370267,
http://dx.doi.org/10.1155/2015/370267

2. Akram. M and Dar. K. H, On Fuzzy d-algebras, Punjab University Journal of Mathematics, 2005, Vol.37,
pp 61-76

3. Alcheikh. M & Anas Sabouh, A study of Fuzzy Ideals in BCK Algebra, Journal of Mathematics Research,
October 2019, Vol 11, pp 11-15, http://jmr.ccsenet.org

4. Anas Al-Masarwah, Abd Ghafur Ahmad, On some properties of doubt bipolar fuzzy H -ideals in BCK/BCI
-algebras European journal of pure and applied mathematics, 2018, Vol.11, No.3, pp 652-670,
https://doi.org/10.29020/nybg.ejpam.v11i3.3288.

5. Anas Al-Masarwah, Abd Ghafur Ahmad, m-Polar fuzzy ideals of BCK/BCl-algebras, Journal of King Saud
University-Science, 2019, Vol.31, pp 1220-1226, DOI: 10.1016/j.jksus.2018.10.002

6.  Arsham Borumand Saeid, Vague BCK/BCI -algebras, Opuscula Mathematica, 2009, Vol 29, No.2, pp 177-186.

7. Arsham Borumand Saeid, Hee Sik Kim and Akbar Rezaei, On Bl-algebras, Versita, 2017, Vol.25 (1), pp 177-
194, doi:10.1515/auom-2017-0014.

8.  Bijan Davvaz, Samy M. Mostafa and Fatema F. Kareem, Neutrosophic ideals of neutrosophic KU-algebras,
Journal of Science, 2017, GU ] Sci 30 (4), pp 463-472.

9. Bordbar. H, Mohseni Takallo. M, Borzooei. R. A, Young Bae Jun, BMB] -neutrosophic subalgebra in
BCI/BCK - algebras, Neutrosophic Sets and Systems, 2020, Vol.31, pp 31-43.

10. Borumand Saeid. A, Prince Williams. D. R and Kuchaki Rafsanjani, A new generalizationof fuzzy BCK/BCI-
algebras, Neutral Comput & Applic, 2012, Vol.21, pp 813-819, DOI : 10.1007/s00521-011-0613-7

11. Borumand Saeid. A and Zarandi. A, Vague Set Theory Applied to BM — Algebras, International Journal of
Algebra, 2011, Vol.5, No.5, pp 207-222.

12.  Chul Hwan Park, Neutrosophic ideal of subtraction algebras, Neutrosophic sets and systems, 2019, Vol.24,
pp 36-45

13. Florentin Smarandache, A Unifying Field in Logics: Neutrosophic Logic, Neutrosophy, Neutrosophic Set,
Neutrosophic Probability (fifth edition) Book: January 2005, DOI:10.5281/zenodo.49174, ISBN 978-1-59973-080-
6, American Research Press, Rchoboth, 1998, 2000, 2003, 2005

14. Florentin Smarandache, NeutroAlgebra is a Generalization of Partial Algebra, International Journal of
Neutrosophic Science (IINS) , 2020, Vol. 2, No. 1, PP. 08-17,

Remya. P.B & Francina Shalini. A, Neutrosophic Vague Binary BCK/BCI-algebra


http://dx.doi.org/10.1155/2015/370267
http://jmr.ccsenet.org/

Neutrosophic Sets and Systems, Vol. 35, 2020 66

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

Francina Shalini. A and Remya. P. B, Neutrosophic Vague binary sets, Neutrosophic Sets and Systems,
2019, Vol. 29, pp 228-241

Gau. W. L and Buehrer. D. ], Vague Sets, IEEE transactions on systems, man and cybernetics, 1993, Vol. 23, No.
2, pp 610-614

Hakimuddin Khan, Musheer Ahmad and Ranjit Biswas, On Vague Groups, International Journal Of
Computational Cognition, 2007, Vol. 5, no. 1, pp 26-30, http://www. ijcc.us.

Hee Sik Kim and Young Hee Kim, On BE-algebras, Scientiae Mathematicae (Online), e-2006, 1299-1302

Hu. Q. P and Li. X, On BCH-algebras, Mathematics Seminar Notes, 1983, Vol.11, pp 313-320.

Jafari. A, Mariapresenti. L and Arockiarani. I, Vague direct product in BCK-algebra, IJISET-International
Journal of Innovative Science, Engineering & Technology, 2017, Vol.4, Issue 8, August 2017, pp 1-8

Jun. Y. B, Roh. E. H and Kim. H. S, On BH-algebras, Scientiae Mathematicae, 1998, Vol.1, No.3, pp 347-354
Kaviyarasu. M and Indhira. K, Review on BCI/BCK- Algebras and Development, International Journal of
Pure and Applied Mathematics, 2017, Vol. 117, No. 11, pp 377-383

Khadaeman. S, Zahedi. M. M, Borzooei. R. A, Jun. Y. B, Neutrosophic Hyper BCK-ideals, Neutrosophic sets
and systems, 2019, Vol.27, pp 201-217

Kim. C. B and Kim. H. S, On BM - algebras, Sci. Math. Japo, 2006, Vol.63, No.3, pp 421-427

Khalid. H. M, Ahmad. B, Fuzzy H-ideals in BCI-algebras, Fuzzy Sets Syst. 101 (1): 1999, pp 153-158

Kordi. A & Moussavi. A, On fuzzy ideals of a BCI - algebras, Pure Mathematics and Applications, 2007,
Vol. 18, pp 301-310

Lee. K. ], So. K. S and Bang. K. S, Vague BCK/BCI -algebras, ]. Korean Soc.Math. Educ.Ser.B:pure Appl.Math.,
2008, Vol.15, No.3, pp 297-308

Mohamed Abdel-Basset, Mai Mohamed, Mohamed Elhoseny, Le Hoang Son, Francisco Chiclana, Abd El-
Nasser H Zaied, Cosine Similarity Measures of Bipolar Neutrosophic Set for Diagnosis of Bipolar Disorder
Diseases, Artificial Intelligence In Medicine, 2019, Vol.101, doi: https://doi.org/10.1016/j.artmed.2019.101735
Mohamed Abdel-Basset, Mumtaz Ali, Asma Atef, Uncertainty Assessments of Linear Time-Cost
Tradeoffs using Neutrosophic Set, Computers & Industrial Engineering, 2020, Vol.141, https://doi.org/ 10.
1016 /j.cie. 2020.106286

Mohamed Abdel-Basset, Mumtaz Ali, Asma Atef, Resource levelling problem in construction projects
under neutrosophic environment, The Journal of Supercomputing, 2019, pp 1-25, https:// doi.org/ 10.1007/
s11227-019-03055-6

Mohamed Abdel-Basset and Rehab Mohamed, A novel plithogenic TOPSIS- CRITIC model for sustainable
supply chain risk management, Journal of Cleaner Production, 2020, Vol.247, https://doi.org/10.1016/j.jclepro.
2019.119586

Muhammad Anwar Chaudhry and Faisal Ali, Multipliers in d-algebras, World Applied Sciences Journal, 2012,
Vol.18, No.11, pp 1649 — 1653, DOI: 10.5829/idosi.wasj.2012.18.11.1587

Muhammad Anwar Chaudhry and Hafiz Fakhar-ud-din, On Some Classes of BCH-algebras, [JMMMS,
2001, Vol.25, No.3, pp 205-211, http://ijmms.hindawi.com@Hindawi

Muhammad Akram, Hina Gulzar, Florentin Smarandache and Said Broumi, Certain Notions of
Neutrosophic Topological K-algebras, Mathematics, 2018, Vol.6, No.234, pp 1-15, doi: 10.3390/math6110234
Muhiuddin.G, Smarandache.F, Young Bae Jun, Neutrosophic Quadruple ideals in Neutrosophic
Quadruple BCI - algebras, Neutrosophic sets and systems, 2019, Vol. 25, pp 161-173

Muhiuddin. G, Bordbar. H, Smarandache. F, Jun. Y. B, Further results on (g €) —neutrosophic subalgebras
and ideals in BCK/BCI- algebras, Neutrosophic sets and systems, 2018, Vol.20, pp 36-43

Nageswararao. B, Ramakrishna. N, Eswarlal. T, Translates of vague -algebra, International Journal of Pure
and Applied Mathematics, 2016, Vol. 106, No.4, pp 989-1002, url:http://www ijpam.eu

Neggers. ] and Kim. H. S, On d-algebras, Math Slovaca, 1996, Vol.49, pp 19-26

Neggers. ] and Kim. H. S, On B-algebras, Mate.Vesnik, 2002, Vol.54, pp 21-29

Neggers. ] and Kim Hee Sik, On p-algebra, Math-Solvaca, 2002, Vol.52, No.5, pp 517-530

Qun Zhang, Young Bae Jun and Eun Hwan Roh, On the branch of BH-algebras, Scientiae Mathematicae
Japonicae (Online), 2001, Vol .4, pp 917-921

Remya. P.B & Francina Shalini. A, Neutrosophic Vague Binary BCK/BCI-algebra


https://doi.org/10.1016/j.artmed.2019.101735
https://doi.org/%2010.%201016%20/j.cie.%202020.106286
https://doi.org/%2010.%201016%20/j.cie.%202020.106286
http://ijmms.hindawi.com@Hindawi
http://www.ijpam.eu/

Neutrosophic Sets and Systems, Vol. 35, 2020 67

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

Samy M. Mostafa and Reham Ghanem, Cubic Structures of Medial Ideal on BCI -algebras, International
Journal of Fuzzy Logic Systems (IJFLS), 2015, Vol.5, No.2/3, pp 15-22, doi : 10.5121/ijfls.2015.5302

Saidur Rahman Barbhulya, K. Dutta, Choudhury, (€, €vq)-Fuzzy ideals of d-algebra, International Journal
of Mathematics Trends and Technology, 2014, Vol.9 No.1, pp 16-26, http://www.ijmttjournal.org

Seon Jeong Kim, Seok-Zun Song and Young Bae Jun, Generalizations of Neutrosophic Subalgebras in
BCK/BCI -algebras based on neutrosophic points, Neutrosophic Sets and Systems, 2018, Vol.20, pp 26-35
Shawkat Alkhazaleh, Neutrosophic Vague Set Theory, Critical Review, 2015, Vol. X, pp no 29-39

Stanley Gudder, d-algebras, Foundations of Physics, 1996, Vol.26, No.6, pp 813-822

Vasantha Kandasamy. W. B and Florentin Smarandache, Some Neutrosophic Algebra Structures and
Neutrosophic N-Algebraic Structures, Hexis, Phoenix, 2006, ISBN: 1-931233-15-2

Yasuyuki Imai and Kiyoshi Iséki, On Axiom Systems of Propositional Calculi, 1966, Vol. XIV, pp 19-22

Young Bae, Florentin Smarandache, Mehmat Ali Oztitrk, Commutative falling neutrosophicideals in BCK-
algebras, Neutrosophic Sets and Systems, 2018, Vol.20, pp 44-53

Young Bae Jun, Seok-Zun Song and Seon Jeong Kim, Length-Fuzzy Subalgebras in BCK/BCI-algebras,
Mathematics, 2018, Vol.6, No.11, pp 1-12, d0i:10.3390/math6010011

Young Bae Jun, Seok-Zun Song, Florentin Smarandache and Hashem Bordbar, Neutrosophic Quadruple
BCK/BCI -Algebras, Axioms 2018, Vol.7, No.41, pp 1-16, www.mdpi.com/journal/axioms

Yun Sun Hwang and Sun Shin Ahn, Vague p-ideals and Vague a-ideals in BCl-algebras, Journal of the
Chungcheong Mathematical Society, 2013, Vol. 26, No.3

Received: Apr 13, 2020. Accepted: July 3, 2020

Remya. P.B & Francina Shalini. A, Neutrosophic Vague Binary BCK/BCI-algebra


http://www.ijmttjournal.org/
http://www.mdpi.com/journal/axioms

Neutrosophic Sets and Systems, Vol. 35, 2020

University of New Mexico

Introduction to Topological Indices in Neutrosophic Graphs

Masoud Ghods!*, Zahra Rostami 2

Depattment of Mathematics, Semnan University, Semnan 35131-19111, Iran, mghods@semnan.ac.ir
2Department of Mathematics, Semnan University, Semnan 35131-19111, Iran, zahrarostami.98@semnan.ac.ir

* Correspondence: mghods@semnan.ac.it; Tel.: (09122310288)

Abstract: Neutrosophic Graphs are graphs that follow three-valued logic. They may be considered
a fuzzy graph, although in some cases, it is difficult to optimize and model them using fuzzy graphs.
In this paper, the first and second Zagreb indices, the Harmonic index, the Randic” index and the
Connectivity index for these graphs are investigated and some of the theorems related to these
indices are discussed and proven. These indices are also calculated for some specific types of
Neutrosophic Graphs, such as regular Neutrosophic Graphs and regular complete Neutrosophic
Graphs.
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1. Introduction

Graph theory has many applications for modeling problems in various fields of computer
science such as systems analysis, computer networks, transportation, operations research and
economics. The vertices and edges of the graphs are used to represent objects and the relationships
between them, respectively. Many of the optimization issues are caused by inaccurate information
due to factors like lack of evidence, incomplete statistical data, and lack of sufficient information; this
creates uncertainty in various issues. Classical Graphic Theory uses the basic concept of classical set
theory, as proposed by Contour. In a classic graph, for each vertex or edge, there are two possibilities:
either in the graph or not in the graph. Therefore, classical graphs cannot model uncertain
optimization problems. Real-life issues are often unclear, making modeling by classical graphs
difficult. Zadeh introduced the degree of membership/truth (T) in 1965 and defined the fuzzy set.
Atanassov [14] introduced the degree of nonmembership/falsehood (F) in 1983 and defined the
intuitionistic fuzzy set. Smarandache [15] introduced the degree of indeterminacy/neutrality (I) as an
independent component in 1995 and defined the neutrosophic set on three components (T, I, F) [4].

Fuzzy set [1] is a generalized version of the classical set in which objects have different
membership degrees. A fuzzy set gives the degree of different members between zero and one. Much
work has already been done on fuzzy graphs, including the calculation of various topology indices,
indicators such as Zagreb index, Randic’, harmonic, and so on. However, there is another class of
graphs that is a broad case of fuzzy graphs. In this type of graph, known as neutrosophic graphs, in
addition to the degree of accuracy of each membership function, the degree of its membership is
uncertain, as well as its inaccuracy. So in many cases, it may be more logical to use this model than
graphs in real-world problems.
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Since that neutrosophic graphs are more efficient than fuzzy graphs for modeling real problems.
Therefore, in this paper, we try for the first time to calculate some topological indices for this type of
graph.

2. Preliminaries

This section, provides some definitions and theorems needed.
Definition 1. [13] Let G = (N,M) be a single-valued Neutrosophic graph, where N is a
Neutrosophic set on V and, M is a Neutrosophic set on E, which satisfy the following

Ty (w, v) < min(Ty (W), Ty(v)),
Iy (w, v) = max(Iy(w), Iy (v)),
Fyy (w, v) = max(Fy W), Fy(v)),

Where u and v are two vertices of G, and (u,v) € E is an edge of G.

Definition 2. [2] Let G = (N, M) be a Single-Valued Neutrosophic Graph and P isapathin G. P is
a collection of different vertices, vy, vy, Vy, ..., V, such that (TM Wi, ), Iy (Wi_q, v), Fy (04, vl-)) >0
for 0 <i < n. P is a Neutrosophic cycle if vy = v, and n = 3.

Definition 3. [2] Suppose G = (N,M) a single-valued Neutrosophic graph. G is a connected Single-
Valued Neutrosophic Graph if there exists no isolated vertex in G. (v € V;; is isolated vertex, if there
exists no incident edge to the vertex v.)

Definition 4. [2] Let G = (N, M) be a Single-Valued Neutrosophic Graph, and v € V is vertex of G.
The degree of vertex v is the sum of the truth membership values, the sum of the indeterminacy
membership values, and the sum of the falsity membership values of all the edges that are adjacent
to vertex v. And is denoted by d(v), that

4@) = (dr @), d,@),dr @) = | ) Ty @), ) L@, ) Fy(w0) |

VEV VEV VEV
VEU vEU VFU

Definition 5. [2] Let G = (N, M) be a Single-Valued Neutrosophic Graph, and the d,,—degree of any
vertex v in G is denoted as d,,(v) where

dm(v)=< D TRy, Y. B, ). Fz&"(u.v)>
UFVEV u+vev u+vev

Here, the path v = vyv; v, ... v, = u is the shortest path between the vertices v and u, when the
length of this path is m.

Definition 6. [2] Let G = (N,M) be a Single-Valued Neutrosophic Graph, G is a regular
neutrosophic graph if it satisfies the following,

Z Ty(w,u) =c, Z Iy(v,u) =c, ZFM(v,u) =c,

vEU vEU v+EU

Where c is a constant value.

3. Topological Indices in Neutrosophic Graphs

In the section, we introduce Topological Indices in Neutrosophic Graphs and provide a number
of examples. We define Zagreb indices, Harmonic index, and Randic’ index, and in finally
Connectivity index on the neutrosophic graphs.

Masoud Ghods”, Zahra Rostami, Introduction To Topological Indices in Neutrosophic Graphs



Neutrosophic Sets and Systems, Vol. 35, 2020 70 of 10

3.1. Zagreb index of First and Second Kind in Neutrosophic Graphs

Definition 8. Let G = (N, M) be the Neutrosophic Graph whit non-empty vertex set. The first Zagreb
index is denoted by M(G) and defined as

M) = ) (T ), Ly @, Fy(u)dyw), ¥ € V.

Example 1. Consider the Neutrosophic Graph G = (N, M) as shown in figure 1, with the vertex set
V={ab,c} such that (Ty, Iy, Fy)(a)=(0.3,0.6,0.7), (Ty,Iy,Fy)(b) =(0.3,0.50.6), and
(Ty, Iy, Fy)(c) = (0.4,0.5,0.6), The edge set contains (Ty, Iy, Fy)(a, b) = (0.2,0.6,0.8),
(Ty, 1y, Fy) (b, c) = (0.2,0.6,0.7), and (T, 1), F)y)(a,c) = (02,0.8,0.9). We have,

Figure 1. A neutrosophic graph with V = {a, b, c}

The first Zagreb index is

d(a) = (0.2 + 0.2,0.6 + 0.8,0.8 + 0.9) = (0.4,1.4,1.7),
d(b) = (0.2 +0.2,0.6 + 0.6,0.8 + 0.7) = (0.4,1.2,1.5),
d(c) = (0.2 +0.2,0.8 + 0.6,0.9 + 0.7) = (0.4,1.4,1.6).

Now, we have

d,(a) = (0.04 + 0.04,0.36 + 0.64,0.64 + 0.81) = (0.08,1, 1.45),
d,(b) = (0.04 + 0.04,0.36 + 0.36,0.64 + 0.49) = (0.08,0.72,1.13),
d,(c) = (0.04 + 0.04,0.64 + 0.36,0.81 + 0.49) = (0.08, 1, 1.3).

4
M(G) = ) (T (. Iy ), Fy () ()
i=1
= (0.3,0.6,0.7)(0.08,1,1.45) + (0.3,0.5,0.6)(0.08, 0.72, 1.13)
+(0.4,0.5,0.6)(0.08,1.1.3)
= (0.024 + 0.6 + 1.015) + (0.024 + 0.36 + 0.678) + (0.032 + 0.5 + 0.78) = 4.013.
Definition 9. The second Zagreb index is denoted by M*(G) and defined as

M*(G) = %Z[(TN(ui)' Iy (uy), FN(ui))d(ui)][(TN(U]')'IN(vj)'FN(vj))d(vj)]' Vi # jand (ui'vj) EE.

Example 2. If G is the same Neutrosophic Graph as example 1, we have
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N| -~

M*(G) = =[(0.3,0.6,0.7). (0.4, 1.4, 1.7) X (0.3,0.5,0.6). (0.4, 1.2, 1.5) + (0.3,0.6,0.7). (0.4, 1.4,1.7)

X (0.4,0.5,0.6). (0.4,1.4,1.6) + (0.3,0.5,0.6). (0.4,1.2,1.5)
X (0.4,0.5,0.6). (0.4,1.4,1.6)]

1
= [(0.12 +0.84 + 1.19) X (0.12 + 0.6 + 0.9) + (0.12 + 0.84 + 1.19)

X (0.16 + 0.7 + 0.96) + (0.12 + 0.6 + 0.9) x (0.16 + 0.7 + 0.96)

1

= % [(2.15)(1.62) + (2.15)(1.82) + (1.62)(1.82)] = 5 (10.3444) = 5.1722.

Note 1. As we have seen, the value of M*(G) is less than the value of M(G), and this is always the
case.

Theorem 1. Let G is the Neutrosophic Graph and H is the Neutrosophic sub graph of G such that
H=G—u then M(H) < M(G) and M*(H) < M*(G).

Proof. Given that by omitting a vertex of G, a positive value, the sum is lost, so the proof is obvious.
O

Theorem 2. Let G be the regular neutrosophic graph. Then, we have
n
MG) = X Y (Ty@) + )+ Fu()), Y u €.
i=1
Where Y., Ty w) = ¢, Ypen yww) =c¢, X Py u) =c.

Proof. Given the degree of definition of each vertex,

d() = (dp(v), d;(v), dp (v)) = ZTM(v,u),ZIM(v,u),ZFM(v,u) .

VEV vEV VEV
V+EU VEU VFU

On the other hand, for regular neutrosophic graphs, we know that

Z Ty(v,u) =c, Z I,(v,u) =c, ZFM(v,u) =c,

vEU vEU vEU
Therefore

d(v) = (dr(v), d,(¥), d;(v)) = (c, ¢, ).

Now, by embedding the formula in the first Zagreb index, we will get the desired result. The
proof is complete.
O

Theorem 3. Let G be the regular neutrosophic graph. Then, we have
1
M*(G) = E(CZ)Z[TN(ui) + Iy(w) + FN(ui)][TN(Uj) + IN(U]') + FN(Uj)]'
Vi # jand (ui, v]-) E€EE,
Where Y., Ty, w) =¢, Yooy w) =c, X, Fy(u) =c.

Proof. Assume G is a regular neutrosophic graph, using the second Zagreb index formula for G, we
have Vi # j and (ui,vj) E€EE,
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1
M(6) =5 ) [Ty, 1 (1), Fy Ga)d (T (1), () F (o el ()]
= %Z[(TN (), Iy (uy), Fy (ui))d(dT(ui)' d;(w), dp (ul))]
X [(Ty (v), In(v), Fu (v)))dd (dT(vj)' d;(v;), dr (”j))]
1
= 3 D LT, Iy (1), Fy () €, (T (), I (9, Fu (3)): e, ,))
= 1%z:[c. Ty(u) + c.Iy(u) + c. Fy(u)lle. Ty (vj) +c. IN(vj) + c. FN(vj)]
=3 D el + Iy ) + Fu ol el (v7) + I (3) + Fy ()

1
= ECZ Z[TN(ui) +1Iy(w;) + FN(ui)][TN(Vj) + IN(Vj) + FN(V]‘)]-

The desired result was obtained.

O
3.2. Harmonic index in Neutrosophic Graphs
Definition 10. The Harmonic index of Neutrosophic Graph G is defined as

1
HO) = ) e T Fa GG 5 W) Iy (5), Fu (7)) (v,)’

Vi # j and (u;, vj) €E.

Example 3. We have the previous example,

1
H(G) = 03,06,07)(0.4,14,1.7) + (03,05,0.6)(04 1.2,1.5)
1

+03,06,0.7)(0.4 1.4, 1.7) + (0.4,0.5,0.6)(0.4, 1.4, 1.6)
1

+03,05,06)(0.4, 1.2, 1.5) + (0.4,0.5,0.6)(0.4, 1.4, 1.6)
1 1 1

11 1
S215+162 215+ 182 162+182 377 1397 34a 00078

3.3. Randic’ index in Neutrosophic Graphs
Definition 11. The Randic” index of Neutrosophic Graph G is defined as

R(G) = Z((TN(u,.), Iy (), Fy ))d @) (Ty (v,), Iy (v)), F,V(uj))al(uj))_?1 , Vi#jand (u;,v;) €E.

Example 3. For above example, by simple calculations, it is easy to see that

R@G) = !
J/(03,06,0.7). (0.4, 1.4, 1.7) x (0.3,0.5,0.6). (0.4, 1.2, 1.5)
1

+
J(0.3,0.6,0.7). (0.4, 1.4,1.7) X (0.4,0.5,0.6). (0.4, 1.4, 1.6)
1

+
J(0.3,0.5,0.6). (0.4, 1.2,1.5) X (0.4,0.5,0.6). (0.4, 1.4, 1.6)
1 1
= 1.6237.

= + +
V215x1.62 V215x1.82 V1.62x 182

3.4. Connectivity index in Neutrosophic Graphs
Connectivity index is an important parameter in the graph. Using it, we can study and study
some of the features of graph models.

Definition 12. Let G = (N, M) be the Neutrosophic Graph. The connectivity index of G is defined by
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CI(G) = Z (T (), Iy (), Fy )Ty (v;), Iy (v;), Fy (v;)) X CONNg (uy, ;).

uj,v;eV

Where CONNg(u;,v;) is the strength of connectedness between u; and v;.
Definition 13. The strength of connectedness between u; and v; is defined as

CONNP(ul, ) ( m1n TM(e) , max Iy(e), max FM(e)>

ul”] e€Py; vj

Where By, is the path between u; and v;.

|CONN, (u,v;)| = 2( min TM(e)) <max IM(e)> (emax FM(e))

uv] uv]

Then
CONNg(uy,v;) = mI;alx{|C0NNP(ul-, )|}

Example 4. For example, in the above figure, the strength of connectedness between:
aand b from the direct path P, = ab is

CONNp, (a,b) = M,;, = (0.2,0.6,0.8),
From path P, = acb is

CONNp,(a,b) = (min{0.2,0.2}, max{0.8, 0.6}, max{0.9,0.7}) = (0.2,0.8,0.9);

a and c from the direct path P, = ac is

CONNp, (a,c) = M, = (0.2,0.8,0.9),
From path P, = abc is

CONNp,(a,c) = (min{0.2,0.2}, max{0.6, 0.6}, max{0.8,0.7}) = (0.2,0.6,0.8);

b and c from the direct path P; = bc is

CONNp, (b,c) = M, = (0.2,0.6,0.7),
From path P, = bac is

CONNp, (b, ¢) = (min{0.2,0.2}, max{0.6,0.8}, max{0.8,0.9}) = (0.2,0.8,0.9).

Then, we have for a and b

|CONN,, (a,b)| = 2% (0.2) —0.6 - 0.8 = —1,

|CONN,, (a,b)| =2 % (0.2) —0.8-0.9 = —13.
For a and ¢,

|CONN,, (a,¢)| = 2% (0.2) — 0.8 -0.9 = —1.3,

|CONN,, (a,¢)| = 2% (0.2)-0.6—0.8 = —1.

For b and ¢,
|CONN,, (b, ¢)| = 2% (0.2) = 0.6 — 0.7 = —0.9,
|CONN,, (b,c)| = 2% (0.2) —0.8—0.9 = —1.3.
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Since we have
CONNg(a,b) = —1; CONNg(a,c) = —1; CONN(b,c) = —0.9.

Then CI(G) is calculated as follows

CIG) = ) (T, Ly, Fy () Ty (0,), 1 (), i (3,)) X CONNG ()
ui,vj-EV
= (0.3,0.6,0.7). (0.3,0.5,0.6) X (—1) + (0.3,0.6,0.7). (0.4,0.5,0.6) X (—1)
+(0.3,0.5,0.6). (0.4,0.5,0.6) X (—0.9)
= (0.09 + 0.3 + 0.42)(—1) + (0.12 + 0.3 + 0.42)(—1) + (0.12 + 0.25 + 0.36)(—0.9)
= (0.81)(—1) + (0.84)(—1) + (0.73)(=0.9) = —2.307.

The connectivity index of G is equal -2.307, which the negative sing indicates the high level of
false and indeterminacy information in the problem.

Theorem 4. Let G and H be the two Neutrosophic Graphs are isomorphic, then the topological
indices values of two Neutrosophic Graphs are equal.

Proof. To prove, let G = (V;, Ng, M) and H = (Vy, Ny, My) be isomorphic Neutrosophic Graphs.
Hence there is an identity function uy: N;(w) = Ny(u*), for all u € V; there exist u* € Vy as well as
Uy Mg (w,v) > My(u*,v*), then each vertex of G corresponds to an vertex in H, with the same
membership value and the same edges. Hence, the Neutrosophic graph structure may differ but
collection of vertices and edges are same gives the equal topological indices value.

O

Theorem 5. Let G = (V;, Ng, M), is a neutrosophic Graph and H is the neutrosophic sub graph of G,
Such that H is made by removing edge uv € M; from G. Then, we have, CI(H) < CI(G) iff uv is
a bridge.

Proof. To prove the first side of the theorem we consider two cases:

Case 1. Let uv be an edge with all three components having the least value, Therefore the edge uv
will have no effect on the result. Then we have CI(H) = CI(G).

Case 2. Now suppose that uv is an edge that has maximum components, so they will have an effect
on CONN;(u,v). Therefore, by removing edge uv, the value of CONN;(u, v) will decrease, then we
have CI(H) < CI(G). Since the bridge is called the edge that has its deletion reducing the
CONN; (u,v), However, uv is a bridge.

Conversely, given that uv is a bridge. According to the definition of bridge we have, for the
edge uv, CONN;(u,v) > CONN,_,,(u,v), So we conclude that, CI(H) < CI(G).
|

4. Applications

Fuzzy set theory and intuitionistic fuzzy set theory are useful models for modelling problems in
real life. But they may not be sufficient in modelling of indeterminate and inconsistent information
encountered in real word. In cases where our information is incomplete or part of our information is
incompatible with each other, depending on the features of the neutrosophic graphs, we can use them
for modeling. However, neutrosophic graphs have many application in real life. For example, social
network model, detection of a safe root for an Airline journey and military problems are application
neutrosophic graph theory [4]. Note that to many applications that neutrosophic graphs have,
obtaining topological indices can be a way to compare the different problems that are modeled by
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neutrosophic graphs. For example, by obtaining different indicators for the two social networks
Telegram and Whatsapp, we can analyze some of the features of the network and their impact.

To see more applications of the neutrosophic graphs, you can refer to [5-12].

Here we refer to one of the applications of the connectivity index for an example of [4].

4.1. Optimal flight path for weather emergency landing

In this application, we use the concept of rough neutrosophic digraph for decision-making in
real-life problems [4]. There, provided a formula for obtaining the desired result, and after
performing the calculations, reached the desired result.

Now, using the connectivity index for different paths, it is possible to predict the optimal path
for flying in weather emergency landing.

Suppose V = {Chicago(CH), Beijing(B]), Lahore(LH), Paris(PA), Istanbul(lS)}, be the set of
cities under consideration and R an equivalence relation on V, where equivalence classes represent
cities having same characteristics.

Assume that a flight Boeing 747 of Pakistan International Airways (PIA) travels to these cities.
In case of bad weather, the flight will be directed to the city with good weather condition among the
cities under consideration.

Let
N = {CH,0.1,0.2,0.8),(BJ,0.9,0.7,0.5), (LH, 0.8,0.4,0.3), (PA, 0.6,0.5,0.4), (IS,0.2, 0.4, 0.6)},
And
M = {((BJ,CH),0.1,0.1,0.3), ((LH, CH),0.1,0.2,0.3),((B/, LH),0.1,0.3,0.2),
((1S,B]),0.2,0.1,0.1), ((PA, B]),0.1,0.1,0.4), ((PA, LH),0.2,0.2,0.3)}.

Now, we obtain the connectivity index for all paths.
The direct path Bj _CH

CONNp(BJ,CH) = 2(0.1)-01-03= —0.2,
The direct path BJ _LH

CONNp(BJ,LH) =2(0.1) - 0.3 —-0.2 = —0.3,
The direct path LH _CH

CONNp(LH,CH) =2(0.1) — 0.2 - 0.3 = —0.3,
The direct path IS _BJ

CONNp(IS,B]) =2(0.2) —0.1-0.1= 0.2,

The direct path PA_BJ

CONNp(BJ,CH) =2(0.1)-0.1-0.4 = —0.3,
The direct path PA_LH

CONNp(PA,LH) = 2(0.2) = 0.2—-0.3 = —0.1.

Hence, as expected from [4], the weather condition between Beijing and Istanbul is good, and
Boeing 747 can use this path in case of weather emergency. We were able to achieve the desired result
with much shorter calculations. Also, if needed, we can calculate the connectivity index for indirect
paths and finally for neutrosophic graph.

For connectivity index of G we have,
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CI@) = > (T, ), Fy )Ty (1), (1), F (1) x CONN ()

= (0.63)(=0.2) + (0.76)(=0.3) + (0.4)(—0.3) + (1.09)(—0.3) + (0.8)(—0.1)
+(0.76)(0.2) + (0.5)(—0.3) + (0.58)(—0.2) + (0.8)(—0.5) + (0.48)(—0.3)

+ (0.58)(—0.4) + (0.48)(—0.5)

= —0.126 — 0.228 — 0.12 — 0.327 — 0.08 + 0.152 — 0.15 — 0.116 — 0.4 — 0.144
—0.232-024= —1.783.

As you can see, the negative numerical connectivity index was obtained, which means that our
incorrect information was less than our correct information.

Conclusion

In this paper, for the first time, some topological indices for neutrosophic graphs are defined.
This topic has a lot of work to do, and it can also be used for its results on various issues related to
this category of graphs. In the rest of our research and in future articles, we will address more of these
theorems and their applications.
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Abstract: Sustainability of sheep and goat production systems is a significant task for any
organization that aims for long term goals. Housing and feeding selection for goat farming is the
most important factor that should be considered before setting out the goat farm. The decision
framework of housing selection should include environmental, social and human impact for the
long term, rather than on short-term gains. In the selection process, various parameters are
involved such as housing materials, area to prevent water stagnation, ventilation, enough space for
the pen and run system, space for feeders and water troughs. Those parameters highlight the quality
of housing in relation to aspects of traditional breeding provided by the organizations. However, the
process of housing selection is often led by hands on experience which contains vague, ambiguous
and uncertain decisions. To overcome this issue it is necessary to frame an efficient algorithm which
could remove the entire barrier in the decision making process. In this paper we propose a
neutrosophic multi-criteria decision making framework that combines the TODIM method with the
SD- HNWA operator. The resulting multi-criteria decision analytical MCDM framework is then
applied in selecting the best system in housing and feeding of goats at a mixed farming agrofarm in
India. The proposed approach allows us to establish the neutrosophic based value function that
measures the degree to which one alternative is superior to others by calculating accurate number of
information in pair wise comparison in terms of gain and loss. The outcomes of the proposed
method are compared with the use of the TOPSIS method to prove its efficiency and validate the

results.

Keywords: MCDM, Hexagonal Neutrosophic numbers, Similarity Degree, Aggregated Weights,
TODIM, TOPSIS.

1. Introduction
Live stock management is considered as one of the most important study topic as it plays a vital
role in self employment for the younger generation with higher level of educational qualifications in

a country like India, with a traditionally high rate of population growth. It is also considered as an
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employment intervention strategy for the younger generation for the self employment of the youth.
Goats are among the main meat producing animal in India where it has huge domestic demand. As a
result, goat production system in India is shifting to intensive system of management.The goat
rearing using improved management practices concentrates on maximization of the returns from the
view of the entrepreneur.

However, without any systematic study it is difficult to assess the economic viability of the goat
farming, as the whole system is built upon nature. The good management practice in livestock
management is the key for the resilience, social, economical and ecological sustainability and
preservation of bio-diversity in pastoral eco-systems, especially in the rural areas where goat
production plays a relevant role in the livehood for farmers. For example, Shalander [25] has
proposed a multi-disciplinary project on transfer of technology for sustainable goat production in
which he indicates that lack of technical knowledge in housing and feeding management system per
capita income in goat rearing is not being up to the expected margin of the goat farmers. Biswas et al.
[9] shows that the growth rate of goat feeder with supplements by additional concentrate with
grazing was more when compared with the normal grazing goats.

In the real world, just like other decision making problem such as supplier selection or
candidate selection, the challenge of uncertainty in the process of housing and feeding selection in
live-stock management is inevitable owing to the fact that the consequences of events are not
precisely known. In addition human judgmental analysis also contributes to its intricacy in the
decision making analysis. To overcome this vagueness and intricacy in decision making this study
aims to propose an integrated framework under neutrosophic environment to evaluate alternative
choices in terms of management system of housing and feeding.

In this research the TODIM and TOPSIS methods will be applied in the processing of selecting
such alternatives. The TODIM method (an acronym for Interactive Multi-Criteria Decision Making
in Portuguese) is a discrete multi-criteria method founded on prospect theory which underlies a
psychological theory in it, while in practice all other discrete multi-criteria methods assume that the
decision maker always looks for the solution corresponding to the maximum of some global
measure. In this way, the method is based on a descriptive theory, proved by empirical evidence, of
how people effectively make decisions when they are under risk. The mathematical structure of
TODIM allows measuring the degree to which one alternative is superior to others and then ranking
the alternatives by computing the global value of each alternative. That structure is embedded in the
paradigm of prospect theory. Gomes and Lima [18] first applied TODIM in its classical formulation
as a tool for ranking projects based on the environmental impacts of alternative road standards in
Brazil. A number of other applications of TODIM has appeared in the literature since then as it is
commented in the section 2.2. Similarly, the TOPSIS method [23] is used to weight and compare
alternatives against a set of criteria and then select the best one. The application of both TODIM and
TOPSIS are then compared one against the other. The novelty of this framework lies in studying the
behavioral risk analysis under neutrosophic environment as pointed out in the above paragraph.

The main contribution of this article is as follows
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e A framework is designed that emphasizes the importance of shelter and feeding system for

sustainable and productive goat farming.

¢ Two well established Multi-Criteria Decision Making (MCDM) methods dealing with

imprecise information are applied to a quite important problem in India and compared.

¢ Relevant criteria and sub-criteria are defined for the alternatives to maintain accuracy and

consistency in selecting the alternatives.

2. Literature review

2.1. Commercial goat farming

Raising animals lie upon a set of activities that are dependent upon biotic and socio-economic
factors. Choudhary et al. [35] highlights that India is the rich in its repository of goat genetic resource
with 28 recognized breeds with higher proportion of non-descriptive or mixed breeds. A study was
undertaken by Patil et al. [28] to compare the grazing system and stall feeding system in goats in
Gulbarga District in Karnataka which highlighted that in stall feeding system of goat rearing, goats
are found healthier and weight gain was much faster than grazing system. Kumar [26] investigated
on commercial goat farming in India and presented that planned management and technology
based system would help in increasing the goat productivity in goat farming and bridge the
demand-supply gap. Argiiello [8] has presented a review on trends in goat research which talks
about the pathology, reproduction, milk and cheese production and quality, production systems,
nutrition, hair production, drugs knowledge and meat production.

2.2. Multi Criteria Decision Making

Zadeh [42] put forward the concept of fuzzy sets in 1965. Later the theory of fuzzy sets
gradually developed in the further years. The theory of ‘intuitionistic fuzzy set’ [IFS] was proposed
by Atanassov [10] in 1986. Intuitionistic fuzzy set [IFS] was extended to ‘Interval intuitionistic fuzzy
sets’ [IIFS] by Atanassov and Gargov [11]. A number of researchers have contributed their research
to the study of MCDM and a commendable accomplishment has been obtained in fuzzy sets.
Smarandache [36] proposed neutrosophic set based on Neutrosophy in 1998. The neutrosophic
theory takes into account the dynamic features of all limitations to handle uncertain, indeterminate
situations. Abdel-Basset et al. [2] proposed uncertainty assessments of linear time-cost tradeoffs
using neutrosophic set considering the neutrosophic activity duration of time-cost tradeoffs in
project management such as the tradeoffs between the project completion time and the cost and the
uncertain conditions of environment of projects. Abdel-Basset [6] developed and applied a novel
decision making model for sustainable supply chain under uncertainty environment.

Wang et al. [38] developed ‘Single Valued Neutrosophic Set’ (SVNS) and proposed various
properties of set-theoretic operators to deal with uncertain, indeterminate and inconsistent data. Ye
[40] proposed trapezoidal neutrosophic number an extension from SVNS and trapezoidal fuzzy
number and defined its score and accuracy function with aggregating operators in [41].
Smarandache [37] introduced the plithogenic set as generalization of crisp, fuzzy, intuitionistic fuzzy

and neutrosophic sets whose elements are characterized by many attribute values which have
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corresponding contradiction degree values between each attribute value and the dominant attribute
value. Abdel-Basset [1] developed an evaluation framework based on plithogenic set theory for
smart disaster response systems in uncertainty environment that deals more effectively with
disaster by the effective communication of the information provided by the sensors with the
response teams.

Decision making situations in real life are much complicated when the decision makers (DMs)
have to fit in the best alternatives with respect to the given multiple criteria. Biswas et al. [14]
established TOPSIS strategy for (MCDM) in trapezoidal neutrosophic environment using the
maximum deviation strategy and also developed an optimization model to obtain the weight of the
attributes which are incompletely known or completely unknown. Abdel-Basset [5] proposed a
decision making problem to solve a supply chain problem of inventory location using the best-worst
method based on a novel plithogenic model.

Pramanik and Mallick [30] proposed a VIKOR method for group Decision Making Problem
involving trapezoidal neutrosophic number and they adapted a problem of Investment Company
from [16] and provided a comparative analysis. Mondal and Pramanik [29] proposed MCDM
approach for teacher recruitment in higher education with unknown weights based on score and
accuracy function, hybrid score and accuracy functions under simplified neutrosophic environment.
Biswas et al. [12,13] developed a new methodology for neutrosophic MCDM with unknown weight
information and a Cosine similarity measure based MCDM with trapezoidal fuzzy neutrosophic
numbers. Abdel-Basset [3] designed resource levelling problem to minimize the cost of daily
resource fluctuation in construction projects under neutrosophic environment to overcome the
ambiguity caused by real world problems.

Based on observations of human behaviour, studies have found that human decision making is
not completely rational under practical decision situations. After undertaking a number of surveys
and experiments, Kahneman and Tversky [24] proposed Prospect theory partially the subject of the
Nobel Prize for Economics awarded in 2002, which belongs to the field of cognitive psychology and
describes how people make decision under conditions of risk.

Gomes and Lima [20] used the TODIM method in order to show how human judgements in
practical multi-criteria analysis fit in to the framework of Prospect Theory and additive difference
model. Gomes et al. [19] used the classical TODIM formulation to recommend alternatives for
destination of natural gas reserves recently discovered in Santos Basin in Brazil. Gomes et al. [22]
proposed a behavioural multi-criteria decision analysis by using the TODIM method with criteria
interactions. Gomes and Rangel [21] developed a novel approach using TODIM method on rental
evaluation of residential properties carried out together with real estate agents in the city of Volta
Redonda, Brazil which has made many successful applications in selection problems. Zindani et al.
[44] proposed a material selection approach using the TODIM method and applied it to find the best
suited materials for two products, engine flywheel and metallic gear.Duarte [7] proposed the use of
multi criteria decision analysis to valuation of six Brazilian banks by applying the fuzzy TODIM

method.
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Sang and Liu [34] developed the IT2 FSs-based TODIM method to green supplier selection for
automobile manufacturers by introducing a new distance computing method. Wang et al. [39]
proposed a likehood-based TODIM approach on multi-hesitant fuzzy linguistic information
(MHFLSs) which is an extension of (HFLSs) for selection and evaluation of contractors in logistics
outsourcing. Chakraborty and Chakraborty [15] used TODIM in identifying the most attractive and
affordable under-construction housing project in the city of Kolkata in India. Rangel et al. [32] used
TODIM a multi-criteria decision aiding method in the evaluation of the various types of access to the
broadband internet available in Volta Redonda, Brazil. Candidate selection is a significant task for
any organization that aims to select the most appropriate candidates who lead the firm forward
through his strong organizational skill. To overcome this tough task Abdel-Basset [4] proposed a
bipolar neutrosophic multi criteria decision making framework for professional selection that
employs a collection of neutrosophic analytical network process and TOPSIS under bipolar
neutrosophic numbers.

Lourenzutti and Krohling [27] combined TOPSIS and TODIM methods to propose the
Hellinger distance in MCDM which serves as an illustration to both methods. Fan et al. [17]
proposed an extension of TODIM (H-TODIM) to solve the hybrid MCDM problem in which
attribute values have three forms crisp number, interval number and fuzzy number. Ren et al. [33]
proposed a Pythagorean fuzzy TODIM approach to analyse MCDM problem. Qin et al. [31]
proposed generalizing of the TODIM method under triangular intuitionistic fuzzy environment.
Zhang et al. [43] proposed an extended multiple attribute group decision making based on the
TODIM method to solve the MCDM problem in which the attribute values are expressed with
neutrosophic number.

3. Preliminaries
3.1. Hexagonal Neutrosophic Weighted Aggregated Operator (HNWA)

Let Zl = (al)blycl;dl;el)fl‘)i(ll)ml;nl’plyql)’/'])a(ul’vl;wl;xl)yl’Zl) beaC01leCt10n0f

hexagonal neutrosophic numbers, then the HNWA: Q" — Qis defined as follows

_ n

HNWA(A,, 4y ...t 4,) = 3 0,4
J=1
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Jj=1 Jj=1 Jj=1 Jj=1 Jj=1 Jj=1
; N n

where W=(W[,Wp,W3,Wyq...Wy) isa weight vector of Aj and .lej =1 W >0
j=

3.2. Distance between two Hexagonal Neutrosophic numbers

Letzl = (al’bl’cl’dl’el’fi)ﬂ(ll’ml’nl’pl’ql’rl)ﬁ(ul’vl’wl’xl’yl’zl)
Z2, = (az’bZ)C2)d2)ez’f2)’(lz’mz)nz’pz’qz)rz)’(uz’vz)wz)xz’yz’zz)betwo

hexagonal neutrosophic numbers then the weighted distance between Zl and Zz is defined as

follows.
ay —as|+|by —by| + |y —ca| +|dy —da|+ ey —ex|+| /1 — fo] +
d(Ay, 4p) T [l =L |+my —mo |+ |ny = na| +|py = pa| +gr —q2| + | =]+ |- —(2)
juy =tz |+ vy = v |+ |wp —wa |+ |xy = 25|+ [y = o] +]z) - 25
3.3. Similarity Degree between two Hexagonal Neutrosophic numbers
Let 4, :[(alabl,=Cl,ad1,ael,,f1,), (11,am1,a”1,aPl,afh,”l,)a(ul:VlprXli’le)]and
Ay =[(a3,by,¢3,d3,€3, ), (lasmy,ny, p2,q2.72) (U, v, W2, X3, 72, 72)]

be two hexagonal neutrosophic numbers and let

~C
Ay =[(uy, vy, wy.%2,¥2.23), A=yl =my 1 =np 1= py 1 =q2,1=13), (a3,by,¢5, 3., f2)] be the
complement of Zz then the Degree of Similarity between 21 and 22 is defined as follows.
d(A4y,45)

O(4,, 4,) = — N 3
(> 42) d(y, Ay) +d(A;, AS) )

3.4. Hexagonal Neutrosophic Decision Matrix

Let R = (711) mxn -If all 71’]’ are hexagonal neutrosophic number then
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~

R=17;= [( by, ¢, dy;, @ lJ’fl])>(lJ’ Mg > Wy Dy Qo y)’(”ij"vij"wij’xly"yij"zij)]

is a hexagonal neutrosophic decision matrix.

3.5. Aggregated Hexagonal Neutrosophic Decision Matrix

Let RP) = ( 7 (k) Ymxn (K =1,2,3,.....1) be a‘t’ neutrosophic decision matrix evaluated
by the decision makers DM ;(d =1,2,3....m) respectively, then the aggregated hexagonal

neutrosophic decision matrix R= (7 )m « 18 defined as

r,-j=[(a,-j,by,c,-j,d,-j,e,-j,f,j)(ly,m,J,n],p,],q,], ul( ij>Vij» i/'=xy"yij=zij)]

i=123....m),(j=12...n) where 7 =- Z 70
kl

3.6. Degree of Similarity

Let R = ( 76 Ymxn (kK=123,....1) bea‘t’ neutrosophic decision matrix and

= (% ) m xpn be their aggregated hexagonal neutrosophic decision matrix then

O(R™ R = — ZZH( R (4)

11/1

is called the degree of similarity between R®and R’
3.7. Determine the weight of experts using Degree of Similarity:

If the hexagonal neutrosophic decision matrix F®*) _ (7[/(")) (k=12,...1) are

mxn

non-identical,then the weight vectors of the experts are expressed as follows.

k) p\Wwoa
W(k): (Q(R 9R)) ___________________ (5)

i(e(ﬁ("%ﬁ))“

k=1

4. A Comparative Analysis of TODIM and TOPSIS Methods.
4.1. TODIM

To solve the MCDM problem with hexagonal neutrosophic information’s we propose a
hexagonal neutrosophic aggregation TODIM method based on prospect theory under the decision

maker’s behavioral risk and arithmetic mean operator.

C, 1 be the criteria.

........

Let4; =(A4,,A4,,....A,,) be the alternatives, and C; ={C,C;,
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Let w=(w;,w,,...w,) be the weights of C;,0<w; <l,and ZW =1. Let,
j=1

A G) _ _ c e
Ry —(rij )mx” = Ty Ly Fip D = (@b, €558, Fy ), (. 7y Ty, Py 0. 5 ), G0y i ., %5, 35, %5)
be a hexagonal neutrosophic decision matrix, where 7; =(7};,1;, F;;) 1s an attribute value

given by the experts for the alternatives A with the criteria C; e[0,1],7; €[0,1], F; €[0,1]5

1]

0<Ty+1;;+F; <3 (i=12,.....m),(j=12,...n)

The proposed method is presented as follows.

Stage 1.
Step 1. Construct a decision matrix of dimension mXn by using the information provided by the

decision maker for the alternatives 4; under the criteria C IE The m™ hexagonal neutrosophic decision

matrix denoted by the decision maker is defined as follows.

(@.byy.c.dyen fin) (@1y,01n.C10. 1y €00, f1n )
(L, myy, 100, Pryghno i) e (Lyumyg nyy, Py Gy fin )
(“11’V11’W11:'x11’)/11’211) S (uln’vln’Wln"'xln’yln’zln)
Ek =
(aml’bmllcmlldml’eml’fml) (mn’bmn’ mn’dm’emn’fmn)
ml’mml’nml’pmlJle’rml) mn’mmn’nmn’pmn’an’rmn)
_(uml’vml’Wml’xml’yml’zml) (umn’vmn’Wmn’xmn’ymn’zmn)_

Step 2: Find the aggregated hexagonal neutrosophic decision matrix of all the three decision

makers..The aggregated hexagonal neutrosophic decision matrix R'=(7;),,.,is defined as given

below.

T _[( y’bl}’au’dl}’_l;’ﬁfl(111,9"_’1]’”11’1911"]1]’ Ul(MU,VU,WU»XU,yU, y)]
(i=123.....m),(j=12....,n)
1&L
where r' = (k)
tig !

Step 3. Calculate the normalized hamming distance for each (E R R ') using the equation (2)

Step 4. Calculate the Degree of Similarity between Zl and Zz' using equation (3) and (4)
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(k)

Step 5. Calculate the weight vector w using equation (5)

Step 6. Using equation (1) calculate HNWA operator

Step 7. Calculate the score value using the equation

6 6 6

Step 8. Calculate the normalized hamming distance for the aggregated decision matrix using (2)

S(A):;‘:2+a+b+c+d+e+f_l+m+n+p+q+r_u+v+w+x+y+z}

Step 9. When the aggregated matrix is brought into expression (7), matrix p(4;, 4,) will be
derived .The function p(A4;,A4,)) isused to represent the degree to which alternative i is better than j.
£ (Al., Ap) is the sum of the sub-function where j =1....,n. Sub-function ¢; (Ai, Ap) indicates the

degree to which i is better than j when a particular criteria c is given

if rl]—rpj>—0
gj(AiaAp): 0 if rij_rpj:() ——————————————— )
n ~
4 jélerd(rij_rpj)
if Fo.o—7 . =<0
i
) er oy

The parameter v shows the dilution factor of the loss. If 71’] - ?pj > Otheng ; (Ai , A » )

represents the gain and if 71’]’ - ?pj < Othen & 7 (Ai ,A D ) represents the loss.

Step 10. On the basics of the above equation the overall dominance degree is obtained as

n
Py = Zgj(Ai,Ap),(i,p =12,....m)
j=1
Step 11. Calculate the aggregated dominance matrix

p(AiﬂAp)zZ/q“xpx(Ai’Ap)a(iap:1923----m) _________ (8)

x=1

Step 12. Calculate the overall dominance degree matrix p =[0(A4;, 4,)]xn

Step 13. Then the overall value of each Al. can be calculated using the equation

A. Sahaya Sudha, Luiz Flavio Autran Monteiro Gomes and K.R. Vijayalakshmi, Assessment of MCDM problems by
TODIM using aggregated weights



Neutrosophic Sets and Systems, Vol. 35, 2020 87

ip(Ai,Ap)—mlm{ip(Ai,Ap)}

=1 =1
p(4)=—"7 A e )
m . m
maxq Y p(4;, A,)p—ming > p(4;, 4,)
I p=l Lolp=t

Step 14. Rank all alternatives and select the most desirable one in accordance with p(4;) The

alternative with maximum value is the best one.
4.2. TOPSIS
Stage 2: Applying the information’s derived from step 1 to 6 in stage 1, move on to step 7 of stage 2

Step 7: Let B, be the set of benefit attributes and B, be the set of cost attributes, of the alternatives

respectively. Let B * be the hexagonal neutrosophic positive ideal solution and B~ be the

hexagonal neutrosophic negative ideal solution. Then B * and B~ are defined as follows.

Bt = [<rj+ = (LLLLLD, (0,0,0,0,0,0),(00.00,0,0)) € Bl] [<r; = (00,0000, (LLLLLD, (LLLLLD) j € Bz]
B = [<r; = (0,0,0,0,0,0), (LLLLLD, (LLLLLY)j & Bll [<r; = (LLLLLD,(0,0,0,0,0,0),(0.0,0.0,0,0)) j € Bz]

Step 8: Calculate the separation measures, Si+ and S; of each alternative from the hexagonal

neutrosophic positive ideal solution and the hexagonal neutrosophic negative ideal solution as
follows.

Step 9: Calculate the relative closeness coefficient of the hexagonal neutrosophic ideal solution. The

relative closeness coefficient of the alternative A, is given as follows.

C;i=———0<C<l—————————————— (12)
+ J—
S, +S;

Step 10: Make a decision for selecting the preference alternative by ranking the closeness

coefficient in the descending order of C; to select the best choice.

5. Case Analysis:
In this section, a case study is represented for the proposed multi-criteria group decision-making
method. This is related to assessing the best system of housing and feeding of goats in the existing
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Goat farm rearing in which goats grow healthier, gain better body weight, and are safer on health
grounds. A group of three decision-makers (Di, D, and Ds) are requested to assess the four
alternatives (Aito A4) with respect to the four criteria’s, (C; to C4) defined by this group of
decision-makers to appraise the alternatives. These criteria and their definitions are represented as
follows:

Alternatives:

A1 - Stall feeding system with normal flooring (intensive system)

A4, - Grazing system (extensive system)
A, - Elevated floor shed with rotational grazing system

A4 - A part of both extensive and intensive grazing system
The consideration of the criteria and sub criteria’s after a brief study on the previous literature
review and discussion with the experts are stated below.

Criteria:
C,;- Floor space requirements

(Covered area, Open area, Ventilation, Bedding, Confinement, Site location)
C, - Feeding (Feeder) and watering space requirement
(Feeder size, Fodder type, Quantity, Food Schedule, immunization feeder, feed storage room)
C;- Maintenance of health and sanitization
(Nutritional ratio, Vaccination, Climate pattern, Temperature, Supplementary feeding,
Cleanliness)
C, - Productivity
(Capital, Typologies of farms, Technology integration, Agro climatic characteristics, Market
value, Place of selling)
A questionnaire is prepared and handed over to the domain experts. These experts further

graded the degree of the statement as given below.

Statement | Very | High | Fair | Average | Medium | Satisfactory | Low | Very | Not
high low sure
Score 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1
Table 5.1. Rating scale used by experts
Solution.

Step 1. The judgment of the three decision makers for the alternatives 4, under the four criteria were

presented using hexagonal neutrosophic number as shown in Table 5.2 .

Criteria
DMs | Alternatives C] Cz C3 C4
A [(8,8,8,8,9,9), [(2,3,4,5,6,7),
! [(1,2,3,4,5,6), [(1,2,3,4,5,.6), (3,4,5,6,7.8), (1,2,2,3,3,3),
(.1,.1.1,.1,.1,.1), (.1.1,.1.1,.1,.1), (L.L.1.1,.1.1)] (5,5,.6,6,7,.7)]
(5,6,7,.8,9,9)] (5,6,7,8,9,9)]
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A [(2.2.2,2,2,2), [(.8,.8,.8.9,.9,.9), [(2,3,4,5,6,7),
[(3,4,5.6,7.8), (5,6,7,8,8,8), (2,3,3,3,4,59), (1,2,2,3,3,3),
(2,3,4,5,5,6), (6,6,7,.7,.8,.8)] (1,.1,2,2,2,2)] (5..5,.6,.6,7,.7)]
(:6,.6,.7,.8,.8,.8)]
As [(1.2,3,5,6,7), [(9.9,9,9,9..9)
[(4.5.6..7.8.9), [(1,1.1,.1,.1,.1) (3,3,4,5,8,9) (1,2,3,4,5,6)
D, (2,3,4,6,7,8), ,(.3,4,.5,.6,.7,.8) (5,.5,.5,.6,.6,.6)] (3,4,4,5,6,7)]
(2,2,2,2,2,2)] (4,4,.5,5,.6,.6)]
Aq [(1.2,2,3,3,3) [(3,3,4,4,4,5), [(1,2,.3,4,5,.6) [(6,.6,.6,7,.7,.8),
,(2,2,3,3,5,.5) (.1,2,2,3,4,4) ,(.3,.3,4,.6,.6,.6) (.5,.5,.5,.6,.6,.6)
(4,5,6,7,8,9,)] (5,5,.5,6,6,6)] (3,4,5,5,6,6)] (2,2,3,3,3,3)]
A [(6,.7,.8,.9,9,9), [(3,4,5,.6,7,.8) [(3,4,4,4,4,4) [(8,.8,38,.8,.8,.8)
(1,2,3,3,4,5) ,(2,3,4,5,6,7) 1(2,2,2,2,2,2) ,(2,2,3,3,4,4)
(3,4,4,4,5,5)] (4,5,6,7,8,9)] (4,4,5,5,5,5)] (2,3,3,4,4,5)]
Az [(5,5,5,5,5,5), [(4.5,6,7,8,8), [(5.,6,.6,7,7,8), [(8,.8,.9,.9,.9,.9),
(2,3,4,5,6,7), (3,3,3,4,4,4), (3,4,5,6,6,.7), (2,2,3,3,4,4),
(5,5,5,5,5,5)] (2,3,4,5,6,7)] (5,.5,6,.7,.8,.8)] (2,3,3,4,4,5)]
[(5.6,.7,.8,9,9),
Ds As [(2,3,4,5,6,7), (3.4.4.4.4.4), [(.1,.3,3,3,4,4), [(6,.7,.7,8,8,.8),
(6,.6,.6,.6,.6,.6), (4,4,4.5.5,5)] (3,3,3,3,3,3), (1,2,3,4,5,.6),
(2,2,2,3,4,5)] (4,5,5,6,.6,6)] (4,4,5,5,6,6)]
A4 [(3,4,4,5,5,6), [(4,4,5,6,7,7), [(8.9,9,9,9,9), [(5,5,5,.6,.6,.7),
(1,.1,1,2,2,2), (2,2,3,3,4,4), (1,.1,2,2,3,3), (2,2,2,3,3,3),
(1,2,3,4,5,6)] (1,2,3,4,4,5)] (1,.1,.1,.1,.1,.1)] (3,3,4,5,6,7)]
A [(4,4,5,6,7,.8), [(6,.7,.8,8,9,.9),
[(1,2,2,2,3,3), (4,5,6,6,7,7), (3.3,3,4,4.5), [(3,.3,4,4,4,5),
(.1.1,.1,.2,.3,4), (3,4,4,5,5,5)] (4,.5,6,.6,.6,.6)] (4,5,6,7,8,9),
(5,6,.7,.7,7,.7)] (3,4,4,5,5,6)]
A [(6,7,.7,8,8,.8), [(2,2,2,3,3,3),
2 [(4,.5,5,6,6,7) [(7,7,7,8,8,.8), (4.5.5.6.6.7). (2.2.2.3.4.5).
5 (.4, .4,.5,.6,.6,.7) (.5,.6,.6,.6,.6,.6), (2,3,4,5,6,7)] (.4,.5,.5,.6,.7,.8)]
(4,5,6,7,8,9)] (4,4,5,5,6,6)]
Ds
A [(4,5,6,7,8,9), [(6,7,7,8,8,9),
3 [(6,.7,.7,.8,9,9), (7,7.7,8,8.8), [(8,.8,8,.9,9,9), CLALLL),
(.5,.6,.7,.7,.8,.8), (.1,2,3,4,5,6)] (5,5,.6,.6,.7,.7), (2,2,2,3,3,3)]
(3,4,5,.5,6,.6)] (2,3,3,4,4,5)]
Al [(2,3,3,3,4,4),
[(6,.6,.6,7,.7,.7), [(8,.8,.8,9,.9,9), [(3,4,5,.6,7,.8), (6,6.6,7,7.7),
(4,5,.6,.6,.7,.7), (4,4,4,4,4,4), (.5,.5,5,.5,.5,.5), (8,.8,.8,.9,.9,9)]
(4.5,5,5,5,6)] (3.4,4,5.5,.5)] (4,5,5,6,7,8)]

Step 2. Normalize the hexagonal neutrosophic decision matrix RF = (E]k ) mxn given by the

Table 5.2 Opinion of decision makers on performance values

experts Dy, (k =1,2,3) to get the matrix R' = (7)) mxn

Criteria

Alternative ‘

Ci ‘

Cy

C;

Csy
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-
Ay [(3,4,5,6,7,.7), [(3,.3,4,5,6,.7), [¢6,6,7,7,7,7), [(4,5,5,6,6,.7),
(1.1,2,2,3,3), (3,4,4,5,6,6), (3,3,3,4,4.5), (2,3,3,4,4,4),
(4,5,6,6,7,7)] (4,5,6,7,7,.7)] (3,3,4,4,4,4)] (4,4,4,5,5.6)]
1 (4,5,5,.6,6,7), [(6,7,.7,8,8,8), [(5,5,6,6,6,.7).
2 4,5,5,6,6,6
(3,3,4,5,6,7), [(4,:5,5,:6,.6,.6), (3,4,4,5,6,7), (2,2,3,3,4,4),
(5,5,.6,7,.7,.7)] (4.5,5,.6,.6,.6), (3,3,4,5,.5,6)] (2,3,3,4,5,6)]
(4,4,5,6,6,7)]
Al [(4,5,6,.7,8,8), [(3,4,5,5,6,6), [(7,.8,8,.8,8,9),
3
(4,5,5,6,6,.7), (4,5,5,6,6,7), [(3,4,.5,6,.6,.7), (1,2,2,3,4,4),
(2,3,3,3,4,4)] (3,3,4,5,5,6)] (4,4,4,5,.6,.6), (3,3,4,4,5,5)]
(3,4,4,5,5,6)]
24{ [(3,4,4,5,5,5), [(5,5,.6,6,.7,.7), [(4,5,.6,6,7,38), [(4,5,5,5,.6,.6),
(2,3,3,4,5,5), (2,3,3,3,4,4), (3,3,4,4,5,5), (4,4,4,5,5,5),
(3,4,5,.6,6,7)] (3,4,4,5,5,5)] (3,3,3,4,4,5)] (4,4,5,6,6,6)]
Table 5.3 Normalized hexagonal neutrosophic decision matrix
Step 3.

Once the decision makers provide the decision matrix we calculate the relative weight of each

criterion C; Consider the weight of each criterion as w = (O. 15,0. 15,0.20,0.50)

wy = max {0.15,0.15,0.20,0.50}
w, = 0.50

Since Wy = 0.50 then C 4 is the reference criterion and the reference criterion weight is 0.50. Then

calculate the relative weights of the criterion Ci(j=1234) as

Wy, = Wi = ﬁ = 03, Wy, = 03, W3, = 04, Wy, = 1

r

The parameter v the dilution factor of the loss is

4
V= lej,,=0.3+0.3+0.4+1=2
j:

Step 4. Consider the alternative 4; of pum ,and the criteria ¢,

Calculate the distance between 4, and A , A, and Z{Cof DM,

G =1(1,2,3,4,5,.6),(1,.1,.1,.1,.1,.1) (5,.6,.7,8,9,9)], C|=[(3,4,4,5,6,6),(.1,.1,2,2,3,3) (4,.5,.6,.6,7,.7)]

C/€ =[(4,5,6,6,7,7)(9,9,8,8,7,7) (3,4,4,5,6,6)] d(C,,C}) =$(2.2), d(C,,C{©) =é(6.9)

Step 5. The Degree of Similarity between A, and A'is defined as follows.
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=0.76

7 &C L (69
a(Cl,Cll)z{ d(¢,G7) }: 18

d(a,a’)+d(affc) L nai69)
8

Continuing the above process for all decision makers the consolidated Degree of Similarity is
tabulated below.

Degree of Aiof | Asof | Asof | Asof | Aiof | Ayof | Asof | Asof | Ajof | Ayof | Asof | Asof
Similarity DM, |DM; |[DM; |DM, |DM, | DM, | DM, | DM, | DM; | DM; | DM; | DM;
0(Ci,C) o076 |00 |076 |o068 |056 | 060 | 066 |051 |077 | 077 | 066 | 042
0(C1,C3) o068 053 |053 |057 |074 |056 | 050 |081 |045s |057 |059 |07
0(C,C) | 066 | 061 |060 |048 | 054 |0.61 | 038 065 | 072 | 083 | 056 | 045
0(Ci,Ci) | 062 |057 |08t |0s50 068 | 078 |080 | 051 |044 | 054 |080 | 045

Table 5.4 Degree of Similarity between the alternatives compared with the criteria

Step 6. Calculate the weight vectors of the decision makers using degree of similarity

oRY R =33 0, 7))
mxn
i=1 j=1
O Ry =22 = 877, 0(R ™) R ==L < 0.8814,0(R ) R = 2208 < 0.825
Lo OROR) 877 o) (ORPR) 8814 _
Lok w259 Lo s 2.59
> (OR®, R S (OR™ R
k=1 k=1
52) pr
Ww® = t(9(R ,R") =.28§3 o
Y ORD, Ry T
k=1

Step 7. Using equation (1) HNWA the aggregated decision matrix is as follows.

Criteria
Alternative Ci (@) Cs Cy
A [(4,.5,.6,.7,8,9), | [(0,.1,2,3,4,5) [(3,4,.5,6,7,.8), | [(.3,4,5,6,.7,8),
1 (0,.1,2,3,4,.5), (0,.1,2,3,4,.5) (0,.1,2,.3,4,.5), (1,.1,.1,.1,.1,.1),
(1.1,.1,.1,.1,.1)] (2,3,4,.5,.6,.7)] (1,.1,.1,.1,.1,.1)] (.1,2,3,4,5,6)]
1 [(3,4.5,6,7,8), [(.1,.2,.3,4,.5,.6), [(0,.1,.1,.2,.2,.2), [(.3,4,5,5,.6,6),
2 (1,.1,2,2,3,3), (,.1,.1,2,.3,.3), (L.1,.1,.1,.1,.1), (0,0,.1,.1,.1,.1),
(0,.1,.1,.1,.2,.2)] 0,.1,.1,.1,2,.2)] (5,.6,.6,.7,.7,.8)] (1.1,.1,.1,.1,.1)]
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Z [(.1,.1,.1,.1,.2,.2), [(2,2,2,3,3,3), | [(.3,4,.5,6,.7,.8), | [(.1,2,3,4,5,.6),
3 (2,2,2,2,3,3), | (0,.1,2,2,3,3), | (0,.1,2,3,4,5), | (2,.2,2,2,2,2),
(4,4,5.5.6,0] | (4,5,6,7,8,9)] | (1,2,2,2,3,3)] | (4.5.6,7,8.9)]
1 [(1,2,3,4,5,6), | [(5.5.5,.5,.5.5), | [(4,.5.5.6,.7.8, | [(1.1.1,.1,.1.1),
4 0,1,1,.1,2,4), | (2,3,3,4,4,5), | (L.1.1L.1.1.1), (0,.1,.1,2,.3,.3),
(.1,.1,.2,.2,4,4)] (.1.1,.1,.1,.2,.2)] (.1,2,3,4,4,4)] (.5,.5,.6,.6,.7,.8)]
Table. 5.5 Aggregated decision matrix
Step 8. Calculate the score value using the equation (6)
G € G G
4 0.59 0.48 048 0.62
S(A)=A2 0.49 0.47 0.65 0.66
A3 0.58 0.54 0.56 0.73
Ay 0.55 0.64 0.67 0.54

Step 9. Using the score function we check for the conditions and find [ d (rij’rpj)J

Here we consider j=1,i=1,2,3,4 and p =1,2,3,4and check for the conditions in (7)

1) 7l'j > 7pj or 2) 71']' = 7pj or 3) 7l'j < 7pj fori=1234j=1and p=123,4
C1 C2 C3 C4
4 0 0.1222 0.2266 0.1055
d(f'--,l’ j =45 0.1222 0 0.1666 0.111
Y Pl lyxn
A3 0.2266 0.1666 0 0.2111
Ay [ 0.1055 0.111  0.2111 0

To construct the dominance matrix we check for (7. js> <or=107 )
yo V2

Since we have

(=1, &4 4)=0 andas (y;>r,)) g (4, 4,5) = =0.11055

4
2 wid(nn,)

J=1 = —0.4401

and (r21<r11) ) 31(142914)2

Wr

Using equation (7) calculate the dominance matrix €] (Ai A p )as follows.

4 0 0.1105 0.1632  0.1027
|:81 (Ai , Ap ):l =4y |~ 0.4401 0 -0.5155 -0.4214
mxn Ay |~ 0.6523 0.1290 0 0.1452
Ay -0.4108 0.1053 -0.5810 0
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Similarly for the values j = 2,i =1,2,3,4 and p =1,2,3,4,

j=3,i=1234and p=123,4and j=4,i=123,4 and p =1,2,3,4 the dominance

matrix are calculated.

G C, Gy Cy
4| 0 01393 -02508 -03154

[52 [A.,A )} =4y [-02229 0 —0.1977 -0.3040

! mxn

Ay| 01624 0.1235 0 —0.2598
Ay | 01971 0.1900  0.1624 0
o Cy Cy Cy
4 0 0.1581 0.1786 0.1624
[53 (Al,,A ﬂ =4, | —-0.2529 0 0.1624 —0.2304
T 43102858 02598 0 —0.2665

Ay [—02598  0.1440  0.1440 0

Step 10. On the basics of the above equation the overall dominance degree is obtained as

n
p(Ai:Ap) = 28] (AiaAp)a (lap = 1,2,]’11)
Jj=1

0 0.238 —-0.1331 -0.1656
—-0.7789 0 —-0.7508 —0.7298
0=-0.5598 0.1927 0 —0.0963
-0.656 0.2133 -0.8454 0

4
Now Y& ;(A;,A,), (i, p=12,....m are (0.2363,-2.2266.-0.4654,-1.000)
j=1

Step 12. Then the overall value of each A4, can be calculated using the equation (9)

p(A4)=1.000, p(4)=0, p(A43)=0.7150, p(Ay)=0.4980

Step 13. Ranking the values of all alternatives (A; ) and selecting the most desirable alternatives in

accordance with p (Ai ), among the four alternatives 4; is the best choice and the ranking order is

Al >A3 >A4 >A2

Stage 2.
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Step 7. Floor space requirement C;, Feeding (Feeder) and watering space requirement C, are

benefiting type criteria B; = <C1 , C2> . Maintenance of health and sanitization C3 and Productivity
Cy4 are cost type B, :<C3,C4> .The hexagonal neutrosophic positive-ideal solution B * and

hexagonal neutrosophic negative-ideal solution B are obtained as follows

B = (1,1,1,1,1,1)(0,0,0,0,0,0)(0,0,0,0,0,0), (1,1,1,1,1,1)(0,0,0,0,0,0)(0,0,0,0,0,0),
~11(00,0,0,0,0,0)(LLLLLD(LLLLLD), ((0,0,0,0,0,0)(1LLLLD(1LLLLD)

- (0,0,0,0,0,0)(1,1,1,1,1,1)(1,1,1,1,1,1), (0,0,0,0,0,0)(1,1,1,1,1,1)(1,1,1,1,1,1)
(, (1,L,1,1,1,1)(0,0,0,0,0,0)(0,0,0,0,0,0)), ((1,1,1,1,1,1)(0,0,0,0,0,0)(0,0,0,0,0,0))

Step 8. The vector of the attribute weight is w=(0.15,0.15,0.20,0.50) . By using equation (10)

calculate the separation measure S i+ of the each alternative from the hexagonal neutrosophic

positive ideal solution where d (7;;, 7 ; ) is calculated using equation (2).

The calculated values are as follows

Sf =0.1482 S§ =0.1408 S5 =0.1370 S; =0.1164

By using equation (11) calculate the separation measure S; of the each alternative from the

hexagonal neutrosophic negative ideal solution. The calculated values are as follows

S; =0.0989 &5 =0.1094 S5 =0.1129 S, =0.1335

Step 9. Using equation (12) calculate the relative closeness coefficient of the hexagonal neutrosophic

ideal solution. The relative closeness coefficient values are as follows
¢, =0.4002 C, =04372 (3 =04517 C4 =0.5342

Step 10. Rank the alternatives in the decreasing order of closeness coefficient values.

A4 >A3 >A2 >A1
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6. Graphical Representation of the Comparative study

Figure 6.1 Ranking of the four alternatives using TODIM and TOPSIS

e The ranking results of TODIM show that A is the best alternative with maximum global

value p(4y)=1and the least global value is p(A4,)=0 The ranking of the four
alternatives using TODIM is A > A3 > A4 > A,

e The ranking result using TOPSIS shows that A4 is the best suited alternative as it ranking is
in first position and A; is considered to be last as it takes fourth position in ranking .

e The ranking of the four alternatives using TOPSIS is A4 > A3 > 4, > A.

e In both the methods A; take the same position and A, is in the third level in TODIM

which is nearest to the ranking of TOPSIS. Similarly, 4, is in the fourth level in TODIM

which is very close to the ranking of TOPSIS.

e Both the MCDM ranking results shows that they are similar by large percentage which
provides decision maker to increase the flexibility in choosing the optimal alternative.

Conclusion

The research presented in this article is an assessment study of the sustainability of commercial
goat farming and its recent impact on self-employment for youth has been carried out in a context
characterized by two MCDM methods, TODIM and TOPSIS. Using those methods the social,
economic and ecological sustainability in housing and feeding systems of goat farming are evaluated
by three experts and the evaluation was considered as hexagonal neutrosophic numbers in order to
remove the ambiguity and increase the accuracy in the decision making process. Using the TODIM
approach which is able to distinguish between risks based alternative and definite alternative in
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uncertain circumstances is analyzed .At the same time, by using the TOPSIS method the ranking is
performed based on distance of each alternatives to its positive and negative ideal solutions. The
ranking results of TODIM show a large percentage of similarity with ranking resulting from
TOPSIS.The result shows that stall feeding system with normal flooring and a part with both
intensive and extensive grazing system are best suited for sustainable commercial goat farming. This
study may be applied in several other fields like livestock management systems with technology
adaptation as well as in the economics of goat farming and other livestock sectors..
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1. Introduction

Zadeh [21, 22] first presented the idea of Fuzzy Set by which shown a meaningful application in
many fields and this theory is welcomed to handle the uncertainty. As a generalization of fuzzy set
Atanassov [7, 11] introduced Intuitionistic Fuzzy Set which assigns a pair with membership degree
and non — membership degree. The Interval Valued Fuzzy Set [6, 10, 12] represents the membership
degree with interval values to reflect the uncertainty in assigning membership degree. As an
extension for all elements in any set, Neutrosophic Fuzzy Set provides with truth, intermediate and
false membership function by Smarandache, F [16, 17, 18] and is further developed to
MB]J — Neutrosophic fuzzy set [19, 20] with truth membership function, intermediate interval valued

membership function and false membership function.

Neggers and Kim [18] brought a new structure of algebra called f — algebra and Jun [17] dealt some
related topics on § — algebra. The fusion of fuzzy with algebra and the notion was initiated by
Rosenfeld [15]. Further many researchers correlated some algebras with fuzzy sets. Ansari [5, 8]
initialized the fuzzy [ - subalgebra of f — algebra and also introduced fuzzy f - ideal of
p — algebra. With these inspirations, this paper extends to MB] — Neutrosophic f — ideal of

p — algebra and analyzed some result.

2. Preliminaries

In this section, some definitions and examples of  — algebra and fuzzy set are discussed.
2.1 Definition: [5, 8, 14] A non-empty set (X,+,—,0) is called a § — algebra if

1. x—0=x

ii. O=x)+x=0
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iii. x—y)—z=x—(z+y) Vx,y,z €X.

2.2 Example: [9] The following Cayley’s table is formed using a set X ={0,1,2,3,4,5} with a

constant 0 and two binary operations + and -

— N[O |0 |W W

G|k | W(IN|=|O|+
Qb | W IN|=R|[O|O
N[ W | |0 [k |~
W (= |O | [N|N
= (N[O (|0 ]| W | W
C|U R |W[|N ||
B | ON|Rr WO,
GO (k=W IN|=|O

G|k | W [INN|[R|]O|O
N Q| |||
W | =[O |O [ |IN[DN
B O IN | R |[W|a |
S| |U [ | W [N |& |0

The set X isa [ —algebra.

2.3 Definition: [5] A non - empty subset S of a f - algebra (X,+,—,0) is known as
B — subalgebra if

1. x—y€S

ii. x+y€S Vx,y €S

2.4 Example: Let U; ={0,2} and U,={0,1} be any two subset of a [ - algebra
X={(0,1,23,45), +,—,0}. Here U; is a f — subalgebra of X where as U, is not a
B —subalgebra of X.

2.5 Definition: [8] A non - empty subset I of a § —algebra is said tobe f —ideal of (X,+,—,0) if
it has the following conditions
i. O0€el
ii. x+y€el
iii. x—y and y €l thenx €]l Vx,y €X

2.6 Exercise: [12] Consider a f — algebra( X,+,—,0) in the Cayley’s table

+ 0 1 2 3 - 0 1 2 3
0 0 1 2 3 0 0 3 2 1
1 1 2 3 0 1 1 0 3 2
2 2 3 0 1 2 2 1 0 3
3 3 0 1 2 3 3 2 1 0

The subset I; ={0,3} of X isa B —ideal of X.
2.7 Definition: [5] A mapping f : X — Y is said to be a § — homomorphism where X and Y are

two S —algebras with constant 0 and two binary operations + and - if

L fx+y)=fO+ fO)
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. fx-y)=f-fO)Vxy €X.

2.8 Definition: [22] A Fuzzy Set in X is a mapping, p:X — [0,1] for each x in X, p(x) is called

the membership value of x € X.

2.9 Definition: [7] A non — empty set X is said to be Intuitionistic Fuzzy Set and is defined by
A={<x,px),n(x)>/x€X} where p,:X —[0,1] is a membership function of A and
N, X = [0,1] is a non — membership function of 4 with 0 < p,(x) +n, < 1.

210 Definition: [6] An Interval Valued Fuzzy Set on X is represented as
A={(x,p4(x))}x €X where p,:X - D[0,1] where D[0,1] is the family of all closed
subintervals of [0,1]. Also g,(x) = [p5(x), pJ(x)] where p and pY are two fuzzy sets in X
such that pk(x) < pY(x)Vx €X.

Remark: Now let us illustrate refined minimum (rmin) and refined maximum (rmax) of two
elements in D[0,1]. Also characterized the symbols <,>,= in case of two elements in D[0,1].

Let D; = [ay,b;] & D, = [a,,b,] € D[0,1] then

rmin(D;, D,) = [min(ay, a,), min(by, b,)]

rmax (D, ,D,) = [max(a,, a;), max(by, b,)].

For D; = [a;, b;] € D[0,1] for i =1,2,3, ...

rsup;(D;) = [sup;(by), sup;(b)] & rinfi(D;) = [inf;(by), inf;(b;)]

Now D; = D, if and only if a; = a,, b; = b,. Likewise, for D; < D, and D; = D, are

defined.

2.11 Definition: [6] The representation of an Interval Valued Intuitionistic Fuzzy Set Aon X is
A={<x,p,(x),M4(x) >/x€X} where p,:X - D[0,1] and 14:X - D[0,1] where
pa(x) =[p5(x), p{ ()] and 7,(x) = [n5(x),nY(x)] with the condition that 0 < pi(x) +n5 < 1
and 0 <pYy(x)+1nY < 1.

2.12 Definition: [16, 17] The definition of an Neutrosophic Fuzzy Set A on X is characterized by a
Truth — membership function pr , an indeterminacy membership function ¢, and a
falsity — membership function 1z where pr, &, 1 are subsets of [0,1] that is pr, {,np: X — [0,1].
Thus, the Neutrosophic Set is defined as A = { < x, pr(x), &(x), np(x) >/x € X}.

2.13 Definition: [19,20] The structure A ={<x, pr(x), &), np(x) >/x € X} is called
MBJ - Neutrosophic Set in X where pr, np: X - [0,1] and & :X - D[0,1] with p;(x) denotes
the truth membership function , &(x) denotes an intermediate interval valued membership

function and 7(x) denotes an false membership function.

2.14 Definition: An Fuzzy set is said to have a supremum property for any subset W of X there

exists x, € W such that p,(x,) = sup, eywpa ().
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2.15 Definition: An Intuitionistic Fuzzy Set A is said to have a sup — inf property for any subset

W of X, there exists x, € W such that p,(xg) = sup, ewpa(x) and n,(xy) = inf, ewna ().

2.16 Definition: An Interval Valued Intuitionistic Fuzzy Set A in any set X is said to have
rsup —rinf property if for subset W of X there exists x, EW such that

pa(xg) = Tsup,ewpa(x) and  f4(xp) = rinfy epa(x).

2.17 Definition: [19] An MB] - Neutrosophic Fuzzy Set A in X has sup — rsup — inf property if
for subset W of X there exists x, EW such that pu(xg) = supyewpa(®) ;

§a(x0) = TSUPy ew §a(X); Ma(X0) = infycw Na(x) respectively.

2.18 Definition: [12] An Interval Valued Fuzzy Set A = {< x,p,(x) >/x € X} in X is said to be
Interval Valued Fuzzy g —ideal of X if
i pa(0) = pu(x)
. pa(x+y) = rmin{p,(x), po(v)}
iii. (%) 2 rmin{p,(x — ), p4(¥)} Vx,y €X.

219 Definition: An Intuitionistic Fuzzy Set A = {< x,p(x),n(x) >/x € X} in X is known as
Intuitionistic Fuzzy f -ideal of X if
L pa(0) = pa(x) i na(0) = ma(x)
. pa(x+y) 2minfp,(0),p,(N} 5 malx +y) < max{n,(x),n,(0)}
iii.  pa(x) 2min{p,(x —=¥),040N}  ;  na(x) S max{n,(x —¥), ()}

220 Definition: [19] Let X be a f - algebra and an MB] Neutrosophic Set
A={pys &4 N4} is called an MB] — Neutrosophic f — subalgebra of X if it satisfies
Lo palx+y) 2min{p,(x),pa(MN} palx —y) = min{p,(x), p4(»)}
. &0 +y) 2mminfd,(x), 5,00 Ea(x —y) = rmin{&,(x),§,()}
i, ma(x+y) Smax{n,(x),n.} na(x —y) < max{n,(x),n,(»)}

3 MBJ - Neutrosophic f -Ideal of f — Algebra
This part frames the structure of MBJ — Neutrosophic f — Ideal of § — Algebra and studied the

related results.

3.1 Definition: Let (X, +,—,0) bea B —algebra. An MB] - Neutrosophic Set K = { pg, &, nx } in
X is called an MBJ — Neutrosophic  —Ideal of X if it satisfies the following conditions:

i pg(0) = pr(x)
px(x +y) = min{ py(x), pr(¥)}
px (x) = min{ px(x —¥) , px (1)}
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i §x(0) = &k (x)
§k( +y) = rmin{ & (%), £ ()}
$k(x) 2 rmin{ & (x =), & (1)}

iii. Nk (0) < ng(x)
Ne(x +y) < max{ng(x),ng ()}
Ng(x) < max{ng(x —y),ng()} vVx,y €X

3.2 Example : A 3 —algebra X in example 2.6 defines a MBJ — Neutrosophic setas p, : X — [0,1] ;
&,:X - D[0,1] and 714 :X - [0,1] such that

0.4, x=0
palx) = {0.2, x=1,3
0.3, x=2

[03,0.7] x=0
£, (0 =1[01,05] x=13
[02,06] x=2

0.1, x=0
Na(x) = {0.4, x =13 is an MBJ — Neutrosophic g —Ideal of X.
0.5, x =2

3.3 Theorem: The intersection of any two MBJ — Neutrosophic f —Ideal of a f — algebra is also an
MB]J - Neutrosophic f —Ideal.
Proof: Let K;& K, be two MBJ — Neutrosophic 8 —Ideal of X.
Now, (pK1nKz)(0) = min{ pKl(O)' Pk, 0) 3
= min{ pg, (x), pg,(x) }
= (Pkanz)(x)

(PKanZ)(x +y) = min{ Pkl(x +), PKZ(x +y)}

= min {min { pg, (x), px, (¥) }, min { pg, (x), px, ()} }

= min {min { pg, (), pg,(x) }, min { pg, (v), px,(¥) } }

= min { px,nk, %), Pr,nx, )}
Piynk,(X) = min{ py, (x), pg, (x) }

=min {min { pg, (x —¥), px, (V) }, min{ py, (x —y), px, ()} }
min {min { pg, (x =¥), px,(x =¥) }, min { pi, (v), pr,(¥)}}
= min {min { pg, ng, x-y), pKanz(y)}}
(f_KanZ)(O) > rmin{é, (0), ¢, (0) }
= rmin{x, (x), §x, (x) }
= (f_KanZ)(x)
(§ianie,) Cx + ) 2 rmin{§, (x + ), &, (x +3) }
= rmin {rmin { &, (x), &, () },rmin { &, (), §x, 0} }
= rmin {rmin { &, (x),&,(x) },rmin {, () ,$, ) }}
= rmin {f_Kanz(x) , f_Klm(z 62);

Ekank, (1) = rmin{&y, (x), &, (%) }
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= rmin {rmin { {, (x = ¥), &, () 3, rmin { &, (x —¥), &, )} }
= rmin {rmin { {, (x =), &, (e —¥) },rmin { &, (), &, ()} }
= rmin { rmin { f_KanZ(x -y, f_KanZ(Y)}}
(nKanZ)(O) < max{ 7, (0), 1, (0) }
= max{ 7, (x), Ng,(x) }
= (UKanZ)(x)
(Mkyni,) (¢ +¥) < max{ g, (x + ¥), 1, (x + )}
= max {max { 7k, (x), ng, (v) }, max { ng, (x), ng, ()} }
= max {max { 1, (x), 1g,(x) }, max { g, (v), ng,(v) } }
= max { Nk, nk,(*) » Mk 0k, )}

Niink, () < max{n, (x), ng, (%) }
= max {max { 1, (x —y), ng, () }, max { ng, (x —y), 1,0} }
= max {max { 1, (x —y), Ng,(x —y) }, max { ng, (v), ng, 0} }
= max {max { Ng,nk, (X =¥), Nk, )} }

Hence K; N K, is an MB] — Neutrosophic § —Ideal of X.

3.4 Theorem: The intersection of any set of MB] — Neutrosophic  —Ideal of a B — Algebra X is also
an MBJ — Neutrosophic  —Ideal.

3.5 Theorem: Let K = { py,&x,nx} be an MBJ — Neutrosophic B — Ideal. If x <y then
pr(x) = pr) ; () = &) and n(x) < N®).
Proof: Forany x,y €X ,x <y =2x—-y=0 .
pr(x¥) 2 min {pg(x —y),pe(¥) }
=min { px(0), px () }
= px(¥)
pr(x) = pr(¥)
() = mmin {&(x =), () }
= rmin {£x(0),¢x()}
= &)
k() = &)
i (%) < max {n(x =), M () }
=max {7x(0),7x(¥) }
=g ()
nk(x) < g ().

3.6 Theorem: Let K be an MBJ — Neutrosophic f — Ideal of X whenever x <z+y then
pi (x) = min{ px(2) , px (¥)} ; k(%) = rmin{ §x (2) , & ()} and
Nk (x) < max{ng(2) , N ()}
Proof: For x,y,z € X
pk(x) =2 min {pg(x —y),pe(¥) }

= min {min {px((x —y) —2),px (@) }, P (¥) }
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min {min {px(x —(z + ¥)),px(2) },px(¥) }
min {min {px(0),px(2) },Pk(¥) }
min{ pg(2) , px (¥)}
rmin {&(x =), 0) }
rmin {rmin {&((x =) —2),$(2) },§x () }
rmin {rmin {&(x — (z + ¥)),&(2) }, &) }
rmin {rmin {&(0),¢x(2) },5 ()}
> rmin{ £ (2) , §x (1)}
nx(x) < max {ng(x —y),ng(y) }
= max {max {ng((x —y) —2),nx(2) },nx(¥) }
=max {max {ng(x —(z + ¥)),nx(2) }, nc(¥) }
= max {max {nx(0),nx(2) },nx () }
< max{ ng(2) ,nx ()}

v v

E_K(x)

3.7 Theorem: Let K = {py,éx,nx} be an MB] - Neutrosophic B - Ideal of X, then sets
Xow ={x €X't p(x) = pg(0)} ; Xeo ={x €X: §(x) =& (0)} and
Xne ={x €X: ng(x) =ng(0)} are B —ideals of X.
Proof: Since px(x) = px(0) =0 € X,
If x—y,y €X,,
= pg(x —y) = px(0); px(¥) = px(0)
Now, pg(x) = min {px(x —y),px () }
= min {p(0),p(0)}
= px(0)
p(®) = py(0)
But px(x) < pg(0) implies py(x) = px(0)
=x € X,,
xX—y,y € X,, = x € X,
o Xp, isan B —Ideal of X
£c) = £(0) =0 € X,
Ifx—y,y €Xg,
= &(x —y) = &¢(0) 5 & () = &x(0)
Now, &(x) = rmin {&(x —¥), &) }
= rmin {§,(0),&x(0)}
= 5_1{(0)
k(%) = & (0)
But f_l((x) < 5_1((0) implies E_K(x) = E_K(O)
=x € Xg,
X—y,y € Xg, = x € Xz,
~ Xg, isan B —Ideal of X.
Similarly, X, isalsoan B —Ideal of X.
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3.8 Theorem: Suppose ] is subset of X. An MBJ — Neutrosophic set K = { px,&x ,ng } such that

t, x €] = t, x €] a, x €]
f’Kz{s,xezf / 5K={s:xe1 Box &)
£,5€D[0,1] with [ty,t;] =[se,s1]. Then the MBJ — Neutrosophic set K = { px,&x ,nx } is an
MB]J — Neutrosophic B —ideal of X if and only if J is an § —ideal of X.

Proof: Consider an MBJ — Neutrosophic set K = { Pi » &k Mk } is an MB] - Neutrosophic f —ideal of
X

and 77,(={ where t,s,a,f €[0,1] and

i) a) px(0) = px(x) Vx €X
px(0) =t =0 €]
b) For x,y €]

= px(x) =t = px(¥)
~ pr(x +y) = min{pg (x), px (¥)}
=min{t,t}
pr(x+y) =t
=x+y €]
¢) Forx,y €Jifx—yandy €]
= px(x=y)=t= pg(¥y)
= px(x) = minfpe (x —y), px (¥)}
=min{t,t} =t
pr(x) =t
=x €]
ii) a) §(0) = &(x) vx €X
&k(0) =[to,t;] =0 €J
b) For x,y €]
= &) = [to, t1] = &)
w Ex(x +y) 2 min{& (x) , § ()}
= rmin{ [¢o, t1], [to, t1] }
Ee(x +y) = [to, 1]
=x+y €]
¢) Forx,y €Jifx—yandy €]
= & —y) =[te,t1] = &O)
&) 2 tmin{&e (x — ¥), () }
= rmin{ [¢o, t1], [to, t1] } = [to, t1]
k() = [to, t1]
=x €]
iii) a) Ng(0) <ng(x) vx €X
Ng(0) =a =0 €]
b) For x,y €]
= ng(®) = a = ngy)
~ g(x +y) < max{ng (), ng ()}
=max{a,a}

nk(x+y =a
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=x+y €]
¢) Forx,y €Jifx—yandy €]
= n(x—y)=a= nkQ®)
~ ng(x) <max {ng(x —y) ,ne (M}
=max{a,a}=a
ng(x) =a
=x €]

~ Jisan B —ideal of X

Conversely, assuming J isan f —ideal of X. Then
i) a) If0 €J
Implies pg(0) =¢
AlsoVx €X,Im(pg)=1[t, s]&t >s
= pg(0) = pg(x) Vx €X
b) Forany x,y €]
=x+y €]
= px() =pr(x+y)=t= pg(y)
= min{ px (x) , px ()}
~ px(x +y) = min{pe (x) , px (¥)}
c¢) Forany x,y €]
Ifx—yandy €] =x €]
pr(x) =t =min[¢,t] = min { p (x —=¥), P (V) }
ii) a) If0 €]
Implies &x(0) =¢
AlsovVx €X,Im (&) =[t, 5] &t>
= §x(0) > &x(x) Vx €X
b) Forany x,y €]

©

=>x+y €]
= ) =& +y) =t= &0O)
= rmin{ & (x) , §x (1)}
w Ex(x +y) 2 min{& (x) , § ()}
c¢) Forany x,y €]
Ifx—yandy €] = x €]
k() = T =rmin[f,f] = rmin {§x(x — ), §x () }
iii) a) If0o €]
Implies 7,(0) =«
Alsovx €X,Im(ng) =[a, fl& a < p
= ng(0) < ng(x) Vx €X
b) Forany x,y €]
=x+y €]
= () =ne(x+y) =a= ne)
= max {ng(x), ng(¥)}
~ g(x +y) < max{ng (x), ng(y)}

Prakasam Muralikrishna and Surya Manokaran, MBJ — Neutrosophic 8 — Ideal of B — Algebra



Neutrosophic Sets and Systems, Vol. 35, 2020 108

c¢) Forany x,y €]

Ifx—yandy €] = x €]

ne(0) = a = max| @, a] = max {ng(x =) , 7k () }
~ K isan MBJ - B —Ideal of X.

3.9 Definition: Let K = { < x, px(x), &(x), ng(x) >/x € X} be an MBJ- Neutrosophic Set in X
and f:X - Y be a mapping then the image of K under f, f(K) is defined as
fE) ={<% fap®i)r frsup@k)r finsx(x) >/x € Y} where fsup(P)(Y) = supy e 1P () ;
frsup(sgx)(Y) = TSUpy ef-l(y)sgk(x) and  finr M) (V) = infye p-10)Nk (%)

3.10 Definition: Let f:X — Y be a function and let K and L be two MBJ] — Neutrosophic
p - Ideal in X &Y respectively then the preimage of L under f is defined by

FIL) = {x k() f1(E@)) f~1(nk (X)) >/x € X } such that
F @) = pc F@) 5 F(E) = & (F@)) and £ (1c(®)) = mic (F)).

3.11 Theorem: Let f: X —»Y be an onto homomorphism of f - algebra. Suppose K is an
MB] - Neutrosophic f - Ideal of Y, then the preimage of f~'(K) is an MBJ — Neutrosophic
B —Ideal of X.

Proof: Suppose K be an MBJ - Neutrosophic f§ -ideal of Y

i) For x € X
F(pk(0)) = px (£(0))
= pk (0)
= px ()

For some x,y € X
fH ) +y) = pe (f(x +))
= px )+ f()
=min { px (f (%)), px FO)) }
= min{ £~ (px (), f (o))}
f ) () = px (f(x))
= min{pg (f(x) = FO)),px FO)}
=min{px (f(x =), px FO))}
=min{ f Y px(x =), f o)}

i) (&) = & (F(O)

= 5_1( (0)
> & (%)
For some x,y € X
fH &) +y) = & (fFx +)
=& fF+ )
> rmin {x (f(0)), &k F)) }

= rmin{ ! (f_,((x)),f‘l (E_K(Y))}
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FH &)@ = & (F(x)
> rmin { §¢ (f(x) = f)), $ FON 3
=rmin { ¢ (f(x —¥)), & FON}
=rmin { f7 G =), f1EON ]
i) f7'(nk(0)) = nk (£(0))
= 1k (0)
<ng (x)
Forsome x,y € X
fro) & +y) = ng (F(x + )
= g (f() + f(¥)
s max {ng (fFx)).nx F ()}
= max{ f‘l(nK(X)).f‘l(nK(Y))}
f () = ng (F ()
smax { ng (F() = fO), me FO) }
=max {ng (f(x =),k FO)) }
=max{ fT k(=) [Tk}
Hence f~*(K) is an MBJ — B —Ideal of X.

3.12 Theorem: Let f:X — X be an endomorphism on X. If K is an MBJ — Neutrosophic
B - Ideal of X then f(K) = {<x, pr(x) = p(f(x)), §(x) = E(f(0)), n,(x) =n(f(x)) >/x € X} is

an MBJ — Neutrosophic g —Ideal of X.

Proof: Suppose K be an MBJ] — Neutrosophic 8 - ideal of X. Then,

i) pr(0) = p(f(0))
=p(0) = p(x) Vx €X

prx +y)= p(f(x +¥))
= p(f()+ 7))
=min { p(f()+p(fO))}
=min{p;(x), ps(M} Vx,y €X

Also, ps(x) = p(f(x))
=min { p(f(x)—f(), pFO)}
=min { p(f(x—y)), p(FO))}
=min{ps(x —y), pr(¥)}

ii) £:(0) = &(f(0))
=&0) = é(x) Vx €X
Gx+y)=§(f(x+y)
= EF@+fO)

= min { £(F(0)+EFG))}

=rmin{&(x), 0N} Vx,y €X
Also, & (x) = £(f(x))
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> min { £(f() - fON, {FW)))

= rmin { £(F(x-»), §FB)))

= rmin{f_f(x -y, f_f()’) }
iii) n7(0) = n(f(0))
=71n(0) < nx) Vx €X
nx+y) = n(f(x+y))
= n(f(x)+f)
=max { 7(f(x)) +n(fF)}
=max {n;(x), n;(»} Vx,y €X
Also, ns(x) = n(f(x))
<max { n(f(x) = f), n(FON)}
=max { n(f(x-y), n1(f())}
=max {n;(x—y), n;(}
~ f(K) isan MBJ — f —Ideal of X.

3.13 Theorem: Let f:X —»Y be a homomorphism of S - algebra. If K is an
MB]J — Neutrosophic f —Ideal of X, with sup — rsup —inf property and ker(f) € Xy then the image
of the set K , f(K) is an MBJ — Neutrosophic f# —ideal of Y.
Proof: Suppose K is an MBJ] — Neutrosophic f — Ideal of X, with sup — rsup — inf property and
ker(f) © Xy then
i) f(pk)(0) = sup, e 1o px (%) }
= px(0)
>px(x)Vx €X
Hence, f(px)(0) = sup, e p-1(0y{ px () }
=fl)y) Yy €Y
Let yi,y, €Y
Then there exists x,x, € X suchthat f(xy) = y;,f(x2) = ¥s,.
flo) 1 +y2) = sup {px(xy +x;) 1 x € fH (1 +y2) }
= sup {px(x +x) ix; € fH () &x € f71(32) )

> sup{min{px (x;) , P (x2)}, X1 € f7' (1), % € f7H(¥2)}
> min{sup{ px (x;) : x; € f ()}, sup{pr(x;) : x, € f(V)}}
= min{ sup,, Ef_l(yl){ Pr(X1) },SUDy, ¢ 105y { P (X2) }
= min{ f (o) 1) » f(Px)(¥2)}
Suppose that for some y; ,y, €Y
Then f(px)(y1) < min{ f(p) (1 — ¥2)» fo) (V2)}
Since f isonto I x;, x, € X suchthat f(x;) = y; &f(x,) = ¥,
flo)(f () <min{ f(p)(f (x1) = f(x2)), flor)(f(x2)) 3

= min{ f (p) (f (1 = x2)) , f(o)(f(x2)) }
<min{ f1( f(pr)) Ctr = x2), f 71 (f (i) (%)}
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px (%) <min{ pg(x; —x3), pr(x2)}
ii) f(sgk) (0) = rsup, ¢ ;110 &(0)}
= E_K(O)
>é&()Vx €X
Hence, f(§x)(0) = rsup, e p-100){ $x(¥) }
=fE)) vy ey
Let f(x1) = y1,f(x2) = Y2
f(f_x)(h +y,) =rsup {&(x +x5) 1 x € fHy; +y,) }
>rsup (el +x) ixp € F V) &x, € F71(32) )

> rsup{rmin{ &, (x1) , &x(x2)}, %, € F71 1), %, € fH(12)}
> rmin{ rsup{ &, (x,) + x; € f ()}, rsup{Ex(xz) + X € ()N
= rmin{ rsup,, Ef_l(yl){ I4EN) } yTSUDy, ef_l(yz){ &k () } }
= rmin{ f(f_l()(}ﬁ) , f(f_K)()’z)}
For y,,y, €Y
f(SEK)(Jﬁ) < rmin{f(ék)(}’l - ¥2)) f(f_K)(YZ)}
FE)(f ) < mmin{ £(§)(f () = f(x2)), f(E)(f(x2)) 3

= rmin{ f (§) (f (i1 = %2))» £(§) (f(x2)) 3
<rmin{ f7( f(&k)) (1 = x2), f 7 (F (k) (x2)}
Ex(x1) <rmin{ & (e —x), &)}
iii) f@)(0) = inf, ¢ p1y{ k() }
=1k (0)
<nx)vx €X
Hence, f(nx)(0) = inf, ¢ p-10){nc(x) }
=f)) Vy €Y
Let f(x1) = y1,f(x2) = Ya.
fa)+y2) =inf {ng(e +x) :x € 7y +32) )
<inf {ng(x; +x) 2% € f7104) &x, € F7H(12) )

< inf fmax{ng () , Mg (x2)}, % € 1) %, € f71(12)}
< max{inf {ng(x;) : x; € fI )}, Inf{(Ne(x2) 2 x, € F7H()} )
= max{ inf,, Ef_l(yl){ k() }, infxz € f‘l(yz){ Nk (x2) }
=max{ f(n) (1), f(g)(V2)}
For y,,y, €Y
fM) (1) S max{ f() (v — v2)» Fn) (72}
f@)(f(x1)) <max{ ) (f(x) = f(x3)), ) (f(x2)) 3}

= max{ f () (f (1 = x2)), fF)(f(x2)) )
<max{ 71 f() (x1 —x2) . [T f () ()}
N () <max{ ng(x; —x3), ng(x)}
Thus, f(K) isan MBJ - B —ideal of Y.

Prakasam Muralikrishna and Surya Manokaran, MBJ — Neutrosophic 8 — Ideal of B — Algebra



Neutrosophic Sets and Systems, Vol. 35, 2020

112

3.14 Theorem: Let f:X —»Y be an onto homomorphism of [ - algebra.
MB]J - Neutrosophic f —ideal of X, with ker(f) € Xy then f‘l(f(K)) = K.
Proof: To prove f~1(f(K)) = K.

It's necessary to prove

£ )@ = pe () 5 F7H(F(E)) @) = &) and £ (F (i) () = nk ().

For x €eX;f(x)=y
i) Now, f(f(pk))(x) = f (i) (f (X))
= flp) )
= SUPye 1l pr(x) }
For x' €X,x' € fl(y)=f(x)=y
f(x)=f)
= f(x)=f(x)=0
f(x'—x)=0
This implies x' — x € Ker f
x'—x €EXp,
pr(x' — x) = pk(0)
px(x") = min{pg (x" — x), px (%)}
= min{px (0) , px (x)}
= px(x)
pr(x") = px(x) and similarly, pg(x) = pg(x")
Therefore, pg(x") = pg(x)
£ (F o)) @ = f o) (f ()
= F(P)F @)
= SUPye 1y pr(x") }
= px(x)
F7Hf (o)) () = pi(x)

i) (FE)) @ = FEFE)

= f(&)®)
= TSUP, ¢ p1() E()}
For x' €X,x' € fFly) = f(x) =y
f(x)=fx)
= f(x)-f(x)=0
f(x'=x)=0
This implies x' — x € Ker f
x'— x €Xg,
Ee(x’ = x) = ¢ (0)
Ex(x) = rmin{§ (x' — x), ()}
= rmin{¢x (0) , ¢ (%)}
= & (x)
&e(x") = & (x) and similarly, & (x) = & (x")

If K is an
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Therefore, & (x") = & (x)
£ (F(E)) 00 = FEF )

= f(&)F(x)
= TSUp, ef‘l(y){ E(x)}
=& (%)

F(F(E)) 00 = &)

iii) Proceeding in the same way,
fHF @) = FO ) ()
=)

= Infye 1) Nk () }
For x' €X,x' € f'(y)=f(x) =y

f(x) = ()
= f(x) = f@) =0
f(x'=x)=0

This implies x" — x € Ker f
x'— x €Xp,
nx(x" = x) = nk(0)
ng(x") < max{ng(x' — x),nx(x)}
= max{ng (0) , g (x)}
=Nk (%)
Ng(x") = ng(x) and similarly, ng(x) = ng(x")
Therefore, ng(x") = g (x)
FHF @) @) = f ) (f ()

=fm)(f(x))
= infyer1nink(x)}
= Nk (%)

FHf i) () = 1 (x)

Therefore, all these conditions are proved and hence f~(f(K)) = K.

4 Cartesian Product of MBJ — Neutrosophic g —Ideal
This section introduces the cartesian product of MBJ — Neutrosophic f — ideal and discusses few

associated results.

4.1.Definition: Let K={<x, pg(x), &), ng(x) >/x€ X} and
L={<y, px), &), nx() >/y €Y} be two MBJ] — Neutrosophic sets X &Y respectively. The
Cartesian ~ product of KandL is denoted by K x L is  defined as
K xL={<@,5),pex.(0 ) Eexr(6Y), Mo (6,¥) >/(x,y) € X X Y} where
Prxyt X XY = [01];  &ku: X XY = D[0,1] and Nxe: X XY = [01]. pro(x,¥) =

Prakasam Muralikrishna and Surya Manokaran, MBJ — Neutrosophic 8 — Ideal of B — Algebra



Neutrosophic Sets and Systems, Vol. 35, 2020 114

min{ p (), p,(¥)} ; Exx, (2, y) = rmin{ &, (x) , €, (1)} and
Niexe (%, y) = max{ g (x),1n,()}

4.2 Theorem: If K and L be two MBJ — Neutrosophic f —Ideal of X & Y respectively then K X L is
an MBJ — Neutrosophic f —Ideal of X XxY.
Proof: Let K ={<x, pg(x), &), ng(x) >/x € X} and
L={<y, px), &), nx(®) >/y €Y} be two MBJ — Neutrosophic sets X & Y.
Take (x,y) EX XY
i) Prx.(0,0) = min{ px(0,0),p,(0,0)}
= min{min{p, (0), px (0)}, min{p, (0), p,(0)}}
= min{min{pg (x), p ()}, min{p, (x), p, (M) }}
= min{min{py (x), p (x)}, min{px (¥), o, (¥)}}
= min{ pgx; (%), Prx ()}
= prxi(x,Y)
Take (u,v)) € X XY where u = (x;,y,),v= (x5,¥5,)
Prxt (U + V) = P ((x1,71) + (X2, 2))
= prxr (O + x2), 1 + ¥2))
= min{ pg(x; + x2), p, (V1 + ¥2)}
= min{min{ pg (x,), px (x2)}, min{p, (y1), p, (¥2)}}
= min{min{ px (x,), p,(y1)}, min{(px (x2), p(¥2)}}
= min{ Py, (%1, Y1) » Prx (X2, ¥2))}
= min{ pg (W), Prx (V)}
Prxe (W) = Prxr(¥1,1)
= min{ pgx (%1 ), prx (1)}
= min{min{ pg (x; — x;), px (x2)}, min{p, (y1 — ¥2), p. (2)}}
= min{min{ Pk(x1 — %), pL(V1 — yz))} ;min{p, (x3), p,(¥2)}}
= min{ PKxL((x1 1) — (% JYZ))JPKXL(xZ ,¥2)}
= min{ py;, (U = V), P ()}
ii) Ekx1 (0,0) = rmin{ £ (0,0) ,£,(0,0)}
= Tmin{rmin{f_K(O), f_K (0)} , rmin{f_L (0), f_L 03}
= rmin{rmin{&y (), § ()}, rmin{&, (x), §, ()}}
= rmin{rmin{&x (x), & (x)}, rmin{& (), §, )}
rmin{ &, (%) 5 $xexr ()}
Exxr (%)
Skt (X1, 1) + (%2, ¥2))
= &ext (1 + %20, 01 + ¥2))
= rmin{ & (%, + x,),§, (01 + ¥2)}
> rmin{rminf{ &, (x,), §x (%)}, rmin{&, (y1), §.(v2) 1}
= rmin{r min{ f_K(xl)' E_L(%)} ) rmin{(f_,{(xz), SZ_L(}’Z)}}
= rmin{ &gy, (X1, Y1) » $xexr (X2, ¥2))}
> rmin{ &gy (W) ) e, ()}

SEKxL(u) = S(_KxL(x1 Y1)

v

(U + 1)
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= rmin{$x,; (%1 ), $x (Y1)}
= rmin{rmin{ &, (x; — x3), §x (x2)}, rmin{$, (v, — ¥2), . (v2)}}
= rmin{rmin{ fK(x1 —x2), 5,y — 3’2))} s rmin{$ (%), L. (v2)}}
= rmin{ foL((x1 y1) = (x; ‘}’2)), Skxt (X2, ¥2)}
= rmin{ {gy, (U = V), g, (v)}
i) Nkx.(0,0) = max{7,(0,0),7,(0,0)}
< max{max{n (0), 1, (0)}, max{n, (0),7,(0)}}
= max{max{n (x), ¢ ()}, max{n, (x),7,(}}
= max{max{n (x), 1, (x)}, max{n, (v), 1, (»)}}
= max{Ngx, (), Ngx ()}
< Ngxe (%, Y)
Nix (U + V) = N, (01, 71) + (X2, 52))
= Nixr (O + x2), (V1 + ¥2))
= max{ng(x; + %), (V1 + ¥2)}
< max{max{ 1 (x,), 1k (xz)}, max{n, (v1), 1, (v2)}}
= max{max{ 1 (x;), 1, (y1)}, max{(ng (x2), 1. (v2) 1}
= max{Mgx, (¥1, Y1) » Mex (X2, ¥2))}
< max{ Mgy (W) Mg, (V)}
Nix (W) = Nk, (X1, Y1)
= max{ N, (1), Nxx 1)}
< max{max{ g (x; — x2), Nk (x2)}, max{n, vy — y2), 1. (v2)}}
= maX{maX{ m((xl = x), (" — YZ))}' max{n,(x,),n,(y2)}}
= max{ 77K><L((x1 ,¥1) — (x, IYZ))' Nxt (X2, ¥2)}
< max{ Ngxr (U = V), Ngx (V)}
Hence K x L is an MBJ — Neutrosophic f —Idealof X xY.

4.3 Theorem: If K, ,K,,....K, be an MBJ — Neutrosophic  — Ideals of X;,X,,...X, respectively,
then []i-, K; is also a MBJ — Neutrosophic f —Ideal of []i-;X; .
Proof: By induction on Theorem 4.2,
i) =1 pk;(0) = | 1 Pr; (x;)
[liz1 Pk (i + yo) = min{ [T pe; () LTIz 1 pe; (V) 3
i1 pKi(xi) = min{ [[iL, pki(xi -y, Il PKi(Yi) }
ii) I €k (0) = TT7L, €k, ()
Ty $k, (i + y) = rmind [T, &, () T Sk, (0) 3
1§k () = rmin{ TR, &, G — vi) Ty S, (0 )
iii) =1 Mk;(0) < TTiq Mg (xi)
IT2 g, (o + yo) < max{ [TEo g, () L TTima e, (V) 3
[Tz i () < max{ [TiZy i, O — ) TTZ 1 i, (Vi)

Hence the proof is clear.
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4.4 Theorem: For the MB] - Neutrosophic subsets KandL of X &Y , if KXL is an
MB]J — Neutrosophic f —ideal of X XY then

i) px(0) = p,(¥) & p,(0) = pi(x)

ii) & (0) 2 8,00 & §,(0) = &4 (%)

i) me(0) =1 (r) &N (0) < M (x)

Proof: Let K&L be MBJ - Neutrosophic subsets of X&Y with KXL is an
MB]J — Neutrosophic f —ideal of X X Y.
Suppose p.(¥) = pg(0) and pg(x) = p,(0) for some x € X,y €Y.
prx (X, y) = min{py (x), p,(¥)}
> min{p, (0) , py (0}
= pix.(0,0)
which is a contradiction.
Thus, px(0) = p,(¥) & p,(0) = px (x)
Similarly, & (¥) = &¢(0) and &(x) = £,(0) forsome x € X,y €Y.
€k (6, y) = rmin{& (x), §, ()}
> rmin{£; (0), £, (0)}
= SEKxL (0,0)
Now, n,(y) < 1x(0) and nk(x) <n,(0)
Niex, (%, ¥) = max{n (x) ,n,(0)}
< max{n, (0) , 7k (0)}
= Nkx.(0,0)
Hence the condition is satisfied.

4.5 Theorem: Let K & L be two MBJ] — Neutrosophic B — ideals of X &Y such that K X L is an
MB]J — Neutrosophic f —idealsof X XY . Then, either K isan MBJ - B —idealsof X or L is
an MBJ — Neutrosophic  —ideals of Y.
Proof: By using the above theorem
i) We consider pg(0) = p,(y) then
pxx(0,y) = min{p,(0),p,(»} ... 1)
Given K x L isan MBJ - Neutrosophic § —idealsof X x Y
Piext (1, ¥1), (2, 2)) = min{pge,, (X1, ¥1) = (%2, ¥2)) » P (X2, ¥2) 3}
v prxe (X1, ¥1) = (%2, ¥2)) Zmin { Py (01, V1) Prx (X2, ¥2) }

Prxt (X1, ¥1) = min{ pr, ((c; — x2), V1 = ¥2)) P (X2, ¥2) 3 oo 2)
Now,
Prxt (X1 — x2), (V1 — ¥2)) = min{ pey; (X1, Y1) P (X2, ¥2) 3 oo 3)

Put x; = x, =0 in Equation (2 & 3)

Prxc(0,¥1) = min{ px (0, 1 — ¥2)), pxxe(0,¥2) } and

pKXL(O O — 3’2)) 2 min{ pg, (0,y1) P (0,¥2)} 4)
From (1) & (4)

pL(y1) = min{p,(y; —y,),p.(¥2)} and

p(1 = y2) 2 min{ p,(y1), P (¥2)}
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ii)

iif)

Consider &,(0) = ¢&,(v) . Then

S (0,y) Z2rmin{ée (), &0y ()
SEKxL((prﬁ)' (xz'J’z)) > rmin{Ex,; (e, ¥1) — (¥2,¥2)) 5 Sk (%2, ¥2)3

v S (0, 1) = (62, 2)) = rmin { o (%1, 1), Enr, (62, ¥2) 3

Exy (0, y1) = rmind & (4 — x2), 1 — ¥2)), € (X2, ¥2) 3 o (6)
Now,
S(_KxL((x1 - x3), ()1 — ¥y2)) = rmin{ f_KxL(xp}ﬁ) ,f_KxL(xz,}Q)} -(7)

Put x; = x, =0 in Equation (6 & 7)

E_KXL (0,y;) = rmin{ SEKXL(O' 1 = y2)), SEKXL(OJ y2)} and

f_KxL(O (1 — }’2)) = rmin{ f_KxL(OvJﬁ) "E_KXL(O'yZ)} -------- 8)
From (5) & (7)

SEL(%) = rmin{ f_L(Jﬁ -¥2) :f_L(J’z)} and

SEL(% —¥,) = rmin{ f_L(Jﬁ) :i()’z)}

As in the same way if we proceed, we get

N, (1) < max{n,(y; —y.),n, ()} and

1. (1 = y2) < max{ n,(y1),n,(v2)}
~ B isan MBJ - B —ideals of Y.

5. Conclusion

This paper presents the characterization of MBJ — Neutrosophic f — Ideal of § — algebra. In

depth, the study analysed the homomorphic image, pre — image, cartesian product and related

results. The concept can be explored to other substructures of a § — algebra.
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ABSTRACT:

Social media is a new observable fact in computer-based technology and neutrosophic theory.
Researchers are now thinking of the power of social media in banks as it is the fastest expanding
online noticeable fact and banks with poor presence in social media are facing identity crisis under
uncertainty fields. Through social media we can share ideas and information through establishing
virtual networks. Initially it was evident that people used it for personal interaction with friends and
relatives but with changing time it is established that business houses and financial institutions
including Banks are using this popular technology to reach out to the prospective customers.
Especially in the banking industry digital communication is becoming most popular and powerful
as here consumers' interface is obligatory. Online communication has become a powerful medium
between banks and consumers. The power of social media is to connect and share information with
people across globe. Social Media in Indian Bank is not only a medium of advertising but it also
helps the Banks to be a part of their customers’ life as this relation involves conversation beyond
business under neutrosophic environment. The aim of this study is to find out the best social media
as per users’ preference and explore its impact on Banks’ business in pentagonal neutrosophic
(PNN) arena by increasing customer satisfaction and augment customer relationship management

in banking industry.

Keywords: Social Media, Customer Relationship Management, Customer satisfaction, Banking
Industry, PNN.
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1. INTRODUCTION

1.1 Social Media:
The traditional marketing media consisting of radio, print, television etc offered a shotgun approach
as they represent communication in One to Many modes which we may call as Passive Approach.
However Social media marketing is following Many to Many mode, may be called Active Approach
with the power of implementation of Word Of Mouth. They are interactive in nature and believe in

peer to peer relationship [1] (Githa Heggde, 2018)

The substantial and considerable use of social media for last few years has elucidated that it is
amongst a few powerful weapons that has shown tremendous impacts on social life of human
beings and has hastened the mingling of people with each other. Previously, it was an encumbrance
for us to keep ourselves in touch with all those who were a little distant from us. Things have
apparently changed and social networking sites can take every credit for this prodigious platform
which enabled people to create their own identity. Whether it is about uploading personal posts,
surfing across the globe, getting all the indispensable information or even if one wants to express
their cavernous feelings then social media can act as a gullible platform for everyone. At times a few
of our problematic situations, disturbing sentiments need to get some succor and support by our
loved ones. At times only a single post of ours explains everything about what we are actually
feeling. Social media and its comprehensive enhancement is undeniable reality in this modern era.
Verily speaking social networking sites has made our socialization a bit easier with the rest of the
world. Data and statistics distinctly show the massive use of social media. Social Media has grown
tremendously due to increase in penetration of Internet Connectivity and easy availability of smart
phones and mobile gadgets. The conventional use of social media has changed from mere
entertainment to opportunities for trade and commerce. An estimate confirms that nearly two third
of Internet users are active on social media as well and this number is expected to cross approx three
billion by the end of 2020.
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THE ESSENTIAL HEADLINE DATA YOU NEED TO UNDERSTAND GLOBAL MOBILE, INTERMNET, AND SOCIAL MEDIA USE

TOTAL UNIQUE INTERNET ACTIVE SOCIAL MOBILE SOCIAL
POPULATION MOBILE USERS USERS MEDIA USERS MEDIA USERS

7.676 5.112 4.388 3.484 3.256

BILLION BILLION BILLION BILLION
URBANISATION EN . PENETR/ PENETRATION

56% 45%

0 H - we
1 Hootsuite are. |

1.2 Social Media Platforms:

Social Media is a blur of likes, tweets, shares, posts and contents. It has spread its wings in every
corner of the world. The numbers are staggering. 70% of the total internet users are now using social
media as per the research [2] (Bullas, 2014). In a research by Pew Research, 2014 [3] (DUGGAN, 2014)
, it is established that globally people are getting addicted to social media regardless of age, gender

and profession.

There are a variety of technological driven services in social media like sharing of pictures, videos
and audios, blogging, social games, social networking, business networks, reviews and much more.
Social media consists of a variety of internet-based mediums that enable users to network, share
content, interact with each other, and create communities around common interests. Social media
is therefore the media that we use to be sociable online and it can be divided into three main
categories:

e Messaging and communication, e,g. blogging and micro-blogging such as Twitter.

e Communities and social groups, e.g. Facebook

e Photo and video sharing, e.g. YouTube
Statistically speaking, number of people using social media has considerably increased. The number
of people across globe who uses social media has extended 3 billion. As per a report Face book
reported 1.871, Whatsapp a billion and Instagram 600 million active users in January 2017 due to the

intensified use of social media.
1.3 Social Media in Bank:

The bank with no social media marketing strategy is at a risk of being left behind its competitors as

social media is playing a big role in marketing field. The tremendous growth and popularity of this
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medium is forcing banks to learn different social media platforms available to them and their
customers, different strategies to be adapted for proper selection of right social media channel so as
to reach out to maximum customers and improve their business. [4] (L, 2010) Banks are opting social
media channels due to the following main points:
¢ Toincrease engagement with customers
e To enhance their brand image by connecting with customers
¢ To find out ways to distinguish themselves with competitors
e Toreduce cost as implementation of social media channels are less expensive in comparison
to the traditional marketing methods and with higher results
e To boost innovations as through proper market research through social media more
customized products/services can be incorporated
e To increase revenue as satisfies customers result in more business which in turn brings
revenue
The advancement faced by the banking sector today in the field of digitalization is an amalgamation
of social media and the wise users of this powerful tool which helps innumerable people in their
everyday work. With the help of digital feed people can access different social media sites like Face
book, Twitter, YouTube, Instagram etc to expand required knowledge about different products and
services offered by banks.
Many people opined that the new generations with proper knowledge of digital technologies are
more prone to use of social media but our response rate of seniors above 50 years was good. It was
observed that this number is gradually on the rise. Customers are an integral part of Banking
Industry and social media is an easiest and fastest way to reach to existing and prospective
customers. All the leading banks worldwide are trying to create business opportunities through
enhancing their creativity and innovative capacities. Through social media Banks can inform their
customers about their product & services offered in a most unique, attractive and innovative way. It
also helps the customers to consider sensibly about their investments and eradicate all the
complexity involved with the traditional banking processes. Traditional banks focused on providing
services to customers through different strategies such as advertising, direct mail or face to face
whereas banks and other financial institutions' is focusing on establishing relations with customers
through continue digital interaction vide different social media channels. By this continuous
interaction through social media Banks can discover customers' interests, feelings and behavior.
Customers of today look ahead to personalized services and they need to be heard and answered
promptly. Banks may fulfill their expectations through different digital media platforms like face
book, twitter and you tube instead of face to face interactions between customers and managers.
Bank’s Monitoring centers may follow comments, posts and tweets on social Medias which can give
a broad standpoint of customer insight about products and services banks can achieve an accurate
perceptive of customers. Today Banks need to have an effective presence in social media due to the
customers' anticipation and their obsession for the same.
Now a day social media has become crucial tool for banks. Banks are using the platform to discover

and keep up the relation with customers, motivating sales through advertisement and sales

Nidhi Singh, Avishek Chakraborty, Soma Bose Biswas, Malini Majumdar; A Study of Social Media linked MCGDM Skill under Pentagonal

Neutrosophic Environment in the Banking Industry



Neutrosophic Sets and Systems, Vol. 35, 2020 123

endorsement, guess change in consumer behavior and follow their trends and finally providing
customized services and support. Social media also helps in building customer relationships
through its reliability programs. It is an emerging concept in marketing especially in relation to
Banking Industry. Banks have now realized the influence of this medium over traditional form of
marketing strategy as it is the fastest growing online trend. Its influence has increased to the power

that the Banks with no social media connections are at a risk of being left out from competitors.

1.4 Survey of Uncertainty & Neutrosophic Theory:

In this current epoch, vagueness theory plays a vital position in social sciences and management
fields. Initially, it was discovered by prof. L.A Zadeh [5] & further, advancement of triangular [6],
trapezoidal [7], pentagonal [8], hexagonal [9], heptagonal [10] fuzzy number are established by
distinct researchers. It was extended by Prof. Attasonov [11] incorporating the idea of intuitionistic
fuzzy & further by Prof. Smarandache [12] discovering the concept of neutrosophic set. Nowadays,
researchers from distinct area are specializing in neutrosophic idea and advanced lots of exciting
articles in this domain. Recently, categorization of triangular [13], trapezoidal [14], pentagonal
[15-18] neutrosophic numbers has been developed by Chakraborty et.al. Recently, some MCGDM
based articles [19-23] are established in this neutrosophic arena which plays an essential impact in

this research domain.
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2. Literature Review and Preliminaries:
This study focuses on identifying the services provided by banks through social media and
measuring its effect on customer satisfaction. The study also tries to find out the ways through
which Bank support the customers with the help of social media and the problems faced by the
customers to approach banks through social media.
Different customer services that can be provided by banks are;

¢ Sharing of financial offers and upcoming promotions

e Posting of education information and financial guidance

¢ Allow clients to post reviews, complaints and suggestions

¢ Reward them for recommending them
These virtual services are giving same level of personal interaction which was normally found in
physical banking as well but the advantage is that clients need not physically visit the banks. The
bank provides different services like Corporate banking, Investment banking, Asset Management,
Treasury services, Retail Banking etc. With the growth of information technology and advent of
Internet now banks are also using online banking. Internet banking is a convenient virtual banking
activity that is available for all the customers of the banks with easy and secured access to their
accounts. [2] Justified that now a day’s social media is being regularly accessed by almost 72% of the
internet users. Social Media helps the customers in providing utmost customer satisfaction through

obtaining real time comments, suggestions, complaints and addressing them instantly.

2.1 Safety & Reliability as Social Media Attribute:

Users’ Safety & Reliability is an important tool in consideration of social media channels. Data
should be handled without breaching the users” privacy and data protection should be enormously
scrutinized. The most grounded measure that needs to be taken is to make undaunted quality of
one’s privacy whoever has affiliated with the social media channel [24] (Senthil Kumar N¥, 2016).
Many a time’s users’ share their personal data intentionally and sometimes unknowingly. Often data
are extracted from them extrinsically by offering them some payback, for e.g, Location-Based Social
Network Services (LBSNS) like Google Latitude can trace the location of a person and his/her friends
[25] (Paul Lowry, 2011).

According to the safety analytics viewpoint, many people supervise the benefits and threats
associated while unveiling their credentials. It is often observed that customers are ready to forego
some privacy for a satisfactory range of danger. But reliability may be attacked significantly if
personal information is not utilized rationally and unvaryingly [26] (Patrick Van Eecke, 2010).
Proper implementation of security settings may improvise the Safety & Reliability of users’ data as
per their will [27] (Gail-Joon Ahn, 2011). Hence the quality of services provided by the social media

platforms, in terms of Safety & Reliability becomes an important criterion for its selection.

2.2 Responsiveness & Effectiveness as Social Media Attribute:
Responsiveness and Effectiveness of a social media site is measured by the internet speed,

expediency, response time etc with which customers access and use bank’s social media sites. [28]
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(Frederic Marimon, 2012). Efficiency of a bank’s social media is observed by timely and convenient
completion of all required interaction [29] (Chung Tin Fah, 2012). Social media can enhance the
conventional personnel-client bonding with an effective technological knowledge-based
relationship [30] (Rahimi & Me, 2016) .

Prompt responses can effectively be done in social media by providing customers relevant and quick
information as & when required. It is surely required for enhancement of quick responses to
customers’ queries for the improvement of e-services and improved customer satisfaction [31]
(Chinedu-Okeke & Obi, 2016). Banks can provide unique banking experience to their clients by
giving them services combined with technology [32] (Kalia, 2013). Banks may respond to its
customers’ query effectively through its social media sites but it needs to carefully monitor its

personnel’s’ response on social media sites to assess effectiveness of its response.

2.3 Ease of Use & Customer’s Satisfaction as Social Media Attribute:
Social media platform should fulfill the customers’ requirement and should be easy to be used with
minimum response time. Customers generally choose the media which is easy to operate. By ease of
use it means the service reliability and methods to use relevant information provided on a bank’s
social media websites [33] (Emel Kursunluoglu, 2015). Customers need punctual response for
acknowledgement of their complaints. The satisfaction dimension concentrates on evaluating the
banks promptness in responding to customers’ requirements [34] (Ajimon George, 2013). For
getting customer loyalty the banks create user generated customized content for getting the
customers’ satisfaction dimension [35] (Norman Gwangwava, 2014). Customer’s confidence on
Bank’s social media platform to the extent their requirements are satisfied is termed as fulfillment
or satisfaction. Recently, several articles are established [36-40] in this research arena which plays an

essential role in research domain.

Definition 2.4: Neutrosophic Set: A set 7eu3 in the universal discourse X, symbolically denoted by
x, it is called a neutrosophic set if neud = {{x; [Tz (), Lims (), Fims (001 f x € X}, where
Timms(x):X =] — 01+ is said to be the true membership function, which has the degree of
belongingness, Iizgs (x):X¥ =] — 0.1 4 [ is said to be the indeterminacy membership, having degree
of uncertainty, and Fizgs {x): X =] — 0.1 + [ is said to be the incorrect membership, which has the

degree of non-belongingness of the decision maker. Tyas(x). Lizgs ()& Fizgs (%) exhibits the

following relation:

—0 = Sup{T iz 0} + Sup{lom G0} + Sup{Far (D} = 3+
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Definition 2.5: Single Typed Neutrosophic Number: Single Typed Neutrosophic Number (fi)is

denoted as = {[(u!, v, wlxD);al, [(u v w?, x2); ], [(, v3, wi, x¥);v])

where @, B,¥ € [0,1], where (@;):R = [0,a], (yz):R —[B,1] and (8;):R— [y 1] is

given as:
Em(E)ut =e<v? YailE)u? =e= v2
1l =g wil B v?=e=w?
s(@ =4, % V=W e = =
v Em(Ewl == x1"7" Yo (E)w? =< %2

0 otherwise 1  otherwise

p=E) 3 =e= 13
¥ v =e=wd
pam (E)w? €< x3
1 otherwise

85(€) =

2.6 Definition: Single-Valued Pentagonal Neutrosophic Number: A Single-Valued Pentagonal

Neutrosophic Number [§ ) is defined
aS-E' = {[(mlrnlr ﬂl.rpqulj;ﬂ:]r [(mzrﬂzr 021 pzr e} Zj ;P]r [(mar ﬂ'a ' ﬂ'a:p 3.! qajiﬂ] },
where T, 0,0 € [0,1]. The accuracy membership function (ta):R — [0, 7], the indeterminacy

membership function (tz): R — [p,1] and the falsity membership function (£a):R — [0,1] are

given as:
Teg (x)m! < x <= nt laga(x)m? < x < n?
Tem(x)n' < x < o lep(x)n® < x < o°
Te(x) = # x=o ey =4 ¢ o x=e
Tem(x)ot <x < pt’ f lem(x)o” = x < p©
T ()Pt =x < gt leq (x)p* =x < q°
0 oW 1 a.w

g (X)m® < x < n?
sem (x)n? < x = o3
£o(x) = 9 x = o?
gem(x)0® =x < p?
Eqq (X)p® < x < g°
1 oW
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2.7 Proposed Score Function:

Score function of a PNN completely depends on the value of truth, falsity and hesitation
membership indicator degree. The necessity of score function is to draw comparison or transfer a
PNN into a crisp number. In this section we will generate a score function as follows. For any

Pentagonal Single typed Neutrosophic Number (PSNN)

‘EI'P: = (54,55,53, 54, 55; T, 14, T)
1
We define the score function as 55, = = (s, +5s, +s3+s,+5)% (24+m—0—p)

2.7.1 Relationship between any two pentagonal neutrosophic fuzzy numbers:

Let us consider any two pentagonal neutrosophic fuzzy number defined as follows
Aper = (TpesMpers Oper) Apez = (Tpeaibpezs Opea)

1) Spe1 = 3pez - Apr = Apea
2) Spy = SpezsAper < Apey

3) Spr1 = SprasApr1 = Apea

2.8 Basic Operations:

Let mj.: < (ml’mEI mﬂ/ m4/ mE);ﬂ?i:/ I'{’?;l\_._r Jﬁl\_.._> and mzz < (ﬂlf ﬂZ/ ﬂﬂ/ ﬂ4/ RE);Hﬁ;/ P:’ﬁ;/ Hﬁ;>

be two IPFNs and @ = 0. Then the following operational relations hold:

F‘ﬁ;/ Jﬁf._ .lﬂ'ﬁ; =
282 My My= < (MyMy, Maly, Ml , MMy, Mg ), Ta Mg, Ua tollg — Ha

Ty

ﬂﬁ;,ﬂ'ﬁl—‘_ +Jﬁi_ﬂﬁﬂ_gﬁ£ =

2.8.3 am=< (am,, am, am,, am,, amg)1—(1 — Tz )% pa © 05 ©)=

2.8.4 7y =< (my %, m, %, ms%, my S, mg® ) %, (1 —pg )% (L — o5 )" =

Nidhi Singh, Avishek Chakraborty, Soma Bose Biswas, Malini Majumdar; A Study of Social Media linked MCGDM Skill under Pentagonal

Neutrosophic Environment in the Banking Industry



Neutrosophic Sets and Systems, Vol. 35, 2020 128

3. OBJECTIVE OF THE STUDY:

¢ To understand the factors affecting acceptance of Social Media Banking Technology across
Gender.
eTo understand the best suitable social media channel for Banking Industry as per

customers’ preference.

4. RESEARCH METHODOLOGY

The data have been collected from various respondents working in different organizations
categorized mainly as education sector, service sectors as banks, hospitals, etc. engineering works
and Government and Public sector companies in the Kolkata metro area. The study consisted of 94
respondents. A five point Likert scale is used where 5 indicates strongly agree, and 1 indicates
strongly disagree. 40.43% respondents are female and 59.57% are male. Age wise respondents
below the age <25 was 29.79 %, between 25 — 45 yrs was 52.13%, and >45 yrs was 18.08%

Research Instrument: The questinnaire is mainly focussed on: Social Media platforms used by the

banks and users adaptability of the same.

TABLE 4.1 DEMOGRAPPHIC DETAILS OF RESPONDENTS

CHARACTERISTICS FREQUENCY %
GENDER MALE 56 59.57
FEMALE 38 40.43
AGE <25 28 29.79
25-45 49 52.13
>45 17 18.08

SOURCE: QUESTIONNAIRE
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Table 4.2 Indicate acceptance of Online Banking Technology across Gender

Responsiveness &

Ease of Use & Customer’s

Safety & Reliabilit
GEND ATTRIBUTES ¥ ¥ Effectiveness Satisfaction
ER
SD| D N A SA | SD D N A SA|(SD| D N A SA
20 28 34 7 18 39 28 24 29 29
TWITTER 5.3 | 21.2 | 29.7 | 36.1 7 45 3.1 |119.1 | 414 [29.7 |63 |63 | 255 |30.8 308 |63
8 9 7 ' 5 9 9 3 5 5
24 26 30 11 19 45 20 22 39 20
M FACEBOOK 3.1 [255 (276 |319 |11.7 |53 | 202 |47.8 | 212 |53 |42 (234 |414 [212 |95
3 6 1 0 1 7 8 0 9 8
18 23 39 9 7 15 42 26 22 29 31 7
YOU TUBE 53 [19.1 (244 | 414 957 74 | 159 | 446 | 276 |42 |53 [234 |308 |329 |74
5 7 9 ' 6 8 6 0 5 8
31 26 24 4 21 44 16 26 38 21 6
TWITTER 95 329 [27.6 | 255 126 95 223 468 [17.0 |42 |31 |27.6 | 404 | 223 | 6.3
8 6 3 ' 4 1 2 6 3 4
8 23 22 34 7 19 34 30 6 6 21 34 25 8
F FACEBOOK 85 | 244 |234 | 36.1 7 45 53 1202 |361 [319 (63 |63 |223 |36.1 | 266 |85
7 0 7 ' 1 7 1 4 7 0
7 32 20 29 6 30 31 24 5 7 27 28 25 7
YOU TUBE 74 |34.0 | 212 |30.8 633 42 319 | 329 (255 |53 |74 | 287 |29.7 [266 |74
4 8 5 ' 1 8 3 2 9 0
Table 4.3 Indicate acceptance of Social Media in Online Banking Technology across Age Gap
. Ease of Use &
Safety & Responsiveness
GENDER ATTRIBUTES Customer’s
Reliability & Effectiveness . .
Satisfaction
16 6 6
TWITTER
57.14 21.43 21.43
16 7 5
<25 FACEBOOK
57.14 25.00 17.86
17 5 6
YOU TUBE
60.71 17.86 21.43
29 11 8
TWITTER
25-45 59.18 22.45 16.33
FACEBOOK 29 14 6
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59.18 28.57 12.24
31 12 8
YOU TUBE
63.27 24.49 16.33
9 5 3
TWITTER
52.94 29.41 17.65
8 4 5
>45 FACEBOOK
47.06 23.53 29.41
10 4 3
YOU TUBE
58.82 23.53 17.65

5. Multi-Criteria Group Decision Making Problem in Pentagonal Neutrosophic Environment

In this current decade, researchers are very much interested in doing MCGDM problem in different
fields. Its main goal of this problem is to find out the best option among finite number of different
options in presence of distinct attributes, different decision maker’s choice and hesitation in human
thinking.

5.1 Illustration of the MCGDM problem

Let G={G,6,,65 e eo... G } is the distinct alternative set and
H={HH, Hy...........H_ [} is the distinct attribute set respectively. Let
w = { Wy, Wy, Wy «ce oo eo... @, } be the weight set associated with the decision maker
D={D,;D;,Dyg.......Dg}and each @ =0 and also satisfies the relation 2=, @; = 1. Also,
weight vector of the attribute function is defined as §=1{d8 102,05 e veenn 8 k} where each

d; 20 and also satisfies the relation, :{:1 g, =1

5.2 Normalisation Algorithm of MCGDM Problem:

Step 1: Framework of Decision Matrices

Here, we considered all decision matrices according to the decision maker’s choice related with
finite alternatives and finite attribute functions. It is noted that the member’s ¥; i for each matrices

are of triangular fuzzy numbers. Thus, the final matrix is defined as follows:
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1 R, 3 n
k I K I

Py ¥i1 Yz Vi3 ¥in
k I L k

x¥=|P2 Y Y Yoz Yon |, @1
p .
3

: I P X
K

e Ym1 Ymz Ymz . . o Vi

Step 2: Framework of Standardized Decision matrix

We consider the following skill of normalization to obtain the standardized decision matrix where

V*=(¥:;)mn in which the entity ¥;; = ([Fé-, fi.-, ?E,-, ?;i.v FiE_',-]}Tpr/ Ioe, Fpe) s formulated as

1 z B4 H |
— ¥ii My ¥y My M | i 72 2 2z
V= (P, 2L, 2L 2 A0y T o, Fpe ) where 5= [yh" +32° 4937 + 957 + 357

5 5" 5 &8 \ <ij Sij i Lij
Hence the new matrix becomes,
Ry R, Ry . . . R,
P, V4 Y5 vy . .. . ¥E
ME=| P YA Y5 Y5 . ..oy (5.2)
P, '
I o Yoo Yoa . .. v,

Step 3: Framework of Single Decision matrix

To formulate a single group decision matrix M we utilized these logical operations of PNN [2.8]

5 E-}- = {Z:{qﬂ'—’z‘M i}where @w; are the weights of the decision makers for individual decision

matrix M. So, the matrix becomes as follows:

Rl R: RE R?‘E
P, Su Si Si Sin
M=| P Sau Sz Sz San o, (5.3)
Pg . . .
m Sml 5m4 Smﬁ smn

Step 4: Framework of Final matrix

To make the final decision matrix we used the logical operation [2.8] for different weights of the

attribute values and also finally operated Rl. =R+ R,+ -+ R, and converted the total

matrix into a Colum matrix form, finally we get the decision matrix as,
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Ri..
M= P; 531 | e i e e n(5.4)
Fm smi

Step 5: Ranking

Now, by considering the Score value (2.7) and converting the matrix (5.3) into crisp form, so that we
could evaluate the best alternative corresponding to the best attributes.

5.3 Flowchart:

Framework of Decision Matrices

A 4

Outline of Standardized matrix

A

Framework of Single Decision matrix

A

Outline of Final Decision matrix

A

Ranking using Established Score Value

:

Sensitivity Analysis

Figure 5.3.1: Flowchart for the problem
5.4 Illustrative Example: Here, we constructed a social media selection problem based on the
questionnaire table from which we have three different social medias are available. The problem is
to find out the best social media platform among these after computing the decision maker’s opinion
and maintain the attribute weights properly for this problem. Generally, social media platforms are
related with the attributes like safety & reliability, Responsiveness & Effectiveness, Ease of Use &
Customer’s Satisfaction of the system. Keeping these points in mind decision maker’s (Male/Female)
gives their opinion in hesitation arena and using verbal phrase we set the problem in pentagonal
neutrosophic domain. According to their suggestions we constructed the distinct decision matrices

in PNN environment as shows below:

G, = Twitter, G, = Facebook, G; = Youtube are the alternatives.

H, = Safety & Reliability,
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H, = Responsiveness & Ef fectivness

H, = Ease of Use & Customer s Satisfaction are the attributes.
According to our problem there are two distinct decision makers are available in our environment,

D, = Male sOpinion, D, = Female s Opinion having weight distribution
D ={ 055045} and the weight vector related with the attribute function

& ={0.32,0.30,0.38).

5.5 List of Verbal Phrase
No. Quantitative Attributes Verbal phrase
1 Strongly Agree (SA), Agree(A),
Safety & Reliability gy 28 8

Neutral(N), Disagree(D), Strongly
Disagree (SD)
2 Strongly Agree (SA), Agree(A),
Responsiveness & Ef fectivness Neutrali\}ll), gDisagree(D)g, Strongly
Disagree (SD)
Strongly Agree (SA), Agree(A),
Neutral(N), Disagree(D), Strongly
Disagree (SD)

Ease of Use & Customer s Satisfaction

Step 1
According to the decision maker’s opinion from the questionnaire table we constructed the decision

matrices are as follows:

£ H, H, H, )
o o= 7, <= 5.3,7.4,21.3,29.8 36.2; 0.6,0.7.0.6 > < 3.2,6.38,19.1,259.8,41.5;0.7,0.5,0.7 > < &.3,6.4,25.5,30.8,31.0:0.7, 0.4,0.5 =
TGy < 3.2,117,25.5.27.7,31.% 0.7, 0.6, 0.7 = < 5.3,5.35,20.2, 21.3; 0.3.0.6,0.7 = < 4.3,9.8,21.5,23.4,41.5; 0.6, 0.7, 0.4 =
wWF;, < 5.3,9.6,19.2,24.5 ,41.8:0.8 ,0.3.0.6 > < 4,3,7.5,15.8,27.744.7; 0.7.04 0.6 = < 5.3 ,7.5,23.4,30.8,32.9; 0.7, 0.3,0.5 =
Male s opinion
D!
‘. H, H, H, \

&, <=4.26,9.58, 25.5,27.7,32.9;0.6,0.7,0.5 > <« 4.39.617.1,22.3,46.8;0.7,0.8,0.3 > < 3.2,6.4,22.3,27.7,40.4;0.3,0.5,0.6 >
Gy = 7.45,8.5,23.4,24.5,36.2; 0.6,0.5.0.4 > < 5.3.6.4,20.2,31.9.36.2; 0.6,0.5,0.3 > < 6.4,8.5.22.4.26.6,36.2;0.8,0.8.0.4 >
WE, = 638.7.45.2128,30.8,34.1;0.7.0.5.0.7 > < 4.3,5.3,25.5,31.58,33.0; 0.8.0.6.0.7 = < V4 T.6.26.6.28.8.25.8: (L5, 0.7.0.6 =

Female s Opinion
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Step 2: Framework of Standardized decision matrix

DI
. H, H, H, 3
G, < 0.10,0.141,0.407,0.57,0.692;0.6,0.7.0.6,> < 0.058,0.116,0.347,0.542,0.754:0.7. 0.5, 0.7 = < 0.123,0.124,0.496, 0.599, 0.608; 0.7, 0.4, 0.5 =

; < 0.063,0.023,0.502,0.545,0.628: 0.7.0.6,0.7 > < 0.096.0.098, 0.368, 0.455,0.798: 0.8, 0.6,0.7 > < 0.080,0.183,0.409,0.437,0.776: 0.6, 0.7.0.4 >
WE, = 0.09%.0.18.0.36, 0.46,0.785; 0.8, 0.3, 0.6 = < 0.077,0.135,0.286, 0.458, 0.804; 0.7, 0.4, 06 > <X 0.102,0.146,0.454, 0,598, 0.63%: 0.7, 0.3, 0.5 =

(7]

Male s opinion

I:'!
. H, E, H, Y
G, «0.0830.1880499,05420.644;0.6,0.7,05 > « 0.077,0.173,0.308,0.401,0.842;0.7,0.8,03> -« 0.0580.1180411,0.51,0.744;0.3,0.5,0.6

= G« 0.1460.167,0459,0.480.709:0.6,0.5,04 > + 0.1,0.121,0.38L0.602,0.683; 0.6,0.5.0.3 > < 0.1250.166,0.437,0.518,0.705;0.8,0.8,04 >
\G; < 0.124,0.144,0412,0.597,0.661;0.7,05,0.7 = < 0.081,0.1,0481.0.602,0.623;0.8,0.6,0.7 > < 0.147,0.151,0.528,0.571,0.591;0.5,0.7,0.6 =/

Female's Opinion

Step 3: Framework of weighted Single Decision matrix

o
. Hy Hy H; %
_ [ &, < 00323016210 448.0.557.0.670; 06.0.7.0.5 » < DDEESD.1416,0.3294, 047850794 0.7, 05,03 > < 0.0937,0.0213,0.4577,0.559,0.66%; 0.7, 0.4, 05> |

- |,E= < 0.101,0.0878,0.483,0.5157,0.664; 0.7,0.5.0.4 > < 0.057E.0.1083.0.3738.0.523.0.746; 0B, 0.6 07 >« DW1ODD25.0.1753.004216, 004734 0.744; DLEDT, 0.4 > |
iy« 0L1103.0.1638 0.3834,0.52165, 0.7292; LB, 0.3, 006 > < DWOTEE0.11523.0.3737,0.5448 0.722; 0.7, 0.4, 0.6 > < D1Z20.148, 04870586 61T 0.7 03, 05 =

Step 4: Framework of Final Single Decision matrix

= 1.2974,1.559,2.184,2.376,2.597:0.65,0.52,0.43 =
M=1] =1302,1476,2.212,2.336,2.609; 0.69,0.39,0.43 =
= 1.406,1.564,2.188,2.386,2.574; 0.62,0.24.0.46 =
Step 4: Ranking
Now, we consider the established Score function (2.7), to convert the pentagonal neutrosophic
numbers into crisp one, thus we get the final ideal decision matrix as
<1135 =

M=|<1249 >
< 1.093 =

Thus, ranking of the social media service isas by = Gy = Gj.

5.6 Results and Sensitivity Analysis
To understand how the attribute weights of each criterion affecting the relative matrix and their
ranking a sensitivity analysis is done. The below table is the evaluation table which shows the

sensitivity results.
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< 1195 =
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Decision Maker’'s Weight Final Decision Matrix Ordering
<(0.55,0.45)> = 1135> G, > G, > G,
< 1.249 =
< 1.093 =
<(0.45,0.55)> = 1024 > G, > G, > G,
<1132 =
<X 1.0486 =
< 1.035 =
0.48,0.52 G, =G, =06
< > (::: 1.185 ::») 2- o
< 1.042 =
<«(0.52,0.48)> =1078> G, > G, > G,
< 1.202 =
< 1.044 =
<(0.5,0.5)> (‘i 1.062 }) G, > G, > G,

< 1.046 =

Figure 5.6.1: Sensitivity analysis table on Decision Maker’s Weight.
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Figure 5.6.2: Best Alternative Social Media Service Table

5.7 Comparison Table

We compared this proposed work with the established works proposed by the researchers to find

the best social media and it is noticed that in each cases the alternative G, becomes the best social

media service. The comparative table given as follows:

Approach Ranking

(Chakraborty et al.) [18]

G, = Gy = Gy

(Biswas et al.) [41]
G, = Gy =Gy

Our Proposed
G, = Gy = Gy

6. Implication:

Different social media platforms are available for communication with customers and digital

marketing like face book, twitter, Google plus, linked in, you tube etc. This study was primarily

done to identify the best suited social media platform for Banking Industry especially for customers

of West Bengal. We wanted to discover the right social media platform based on different attributes

as desired by customers. The perception of neutrosophy plays a critical role in designing
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mathematical calculations. In this research work, we set the MCGDM problem in PNN environment
using the realistic data set. Applying the verbal phrases we formulate the MCGDM problem and
hence applied our logical operations of PNN on it to get the best alternatives. Finally, sensitivity
analysis is also performed here to which has a crucial impact in the ranking results. This novel
thought will help the other researchers in doing MCGDM problem from realistic data in social
media platform.
There are a lot of researches already done in social media implementation in Banking Industry.
However many results are still unknown. Our work is to explore the idea in the following points:
¢ Defining the attributes necessary for social media platform for Banking Industry in West
Bengal.
e Discovering the best suitable social media site for Banking Industry in West Bengal as per
customers’ preference.
e Finding the best social media site which satisfies customers and generate revenue by
increasing business.
o The graphical representation of adaptation of social media platform based on its attributes.
e Covert the problem into PNN environment using verbal phrases.
e Apply proposed MCGDM method in PNN arena.
e Sensitivity analysis for Ranking in different cases.
7. Discussion
The main focus of this study was to find out the best social media platform for Banks. In total 94
respondents were asked varied questions and their choices and preferences about use of social
media in banks. Three parameters focusing their requirement were fixed as Safety, Efficiency and
Ease of use. The study examined different social media platform like Messaging and
communication, e,g. Twitter, Communities and social groups, e.g. Face book and Photo and video
sharing, e.g. YouTube. Face book was found to be most preferred channels both by the male and
female considering all the three factors. However other two channels have different opinion based
on different factors. In the sample considered here men respondents are more than women; most of
the respondents are under 45 years of age and they frequently uses social media. Both men and
women are equally boasting the use of social media however the worldwide trend also applied here
as it was observed that youngsters are dominating the social media sites. Social media mainly has
not only impacted the life of youngsters but it has also become drastically momentous since last ten
years across all age groups. It was also observed that awareness about the use of social media for
banking transactions is comparatively low in this region. It is agreed that Banks must publicize the
use of social media as an important tool for banking transactions. Social media has proven to be the
fastest communication mode and banks may use it for satisfying the ever increasing customized
needs of its customers. The more satisfied customers would result in more improved business for
banks. Moreover in the long run these satisfied customers would foster the brand loyalty and
customer loyalty would further result in improved customer relationship management.
Quantification of social media quality and its effects has got very less attention in the state. It is

accepted that the overall social media quality should be measured by banks to satisfy customers.
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Long tern connectivity with banks will improve if the services experienced by customers are
satisfactory. Better customer satisfaction in turn will bring customer loyalty. The objective of
adaption of social media for banking sector is not merely for likes and shares but it goes beyond that.
It is more of creating brand awareness and brand advocacy. Hence Banks should design their social
media strategy focusing realistic goals.

8. Findings:

Customers basically want three things from Banks like, better and responsive services, easier way to
bank and most importantly they want to be understood. Customers do not want generic ads and
offers, they want products and services tailored to them and will exchange data in order to receive
this. All the above is possible if the banks implement social media methodically and keep a proper
follow up for the same. As of now it is the best, easier and fastest responsive way to communicate
with customers. The following findings were done:

e Face book is most preferred social media medium in comparison to other options like you
tube and twitter etc. considering all the three attributes

e After applying pentagonal neutrosophic numbers into crisp one, we get the final ideal
decision matrix which gives the ranking of the social media as follows,
Facebook>Twitter>YouTube.

e In spite of changing the weight age of attributes Face book remains the most preferred
choice across gender.

e  The three different attributes like Security, Efficiency and Ease of use have a strong impact
on overall customers’ satisfaction which resulted in selection of Bank’s social media
platform

e Banks profit margin would be boosted with the help of proper implementation of social
media strategies. This will increase customers’ base without expansion of physical branches

which will result in reduction in cost..

9. Conclusions:
It may be concluded that Social Medias can greatly influence and enhance the function which is
being carried out in banks. This research found out that almost big banks in the state are using social
media for banking operations. On the questionnaire received from respondents the main concern or
obstacle for using social media was Security and privacy issues. Almost majority preferred social
media in terms of its efficiency and ease of use. Face book was found to be most acceptable mode
compare to any other media across gender and age. Majority of the respondents showed positive
indications for use of social media for banking operations in case of higher security. Hence we can
conclude that customers are willing to accept the social media for banking operations if Banks take
complete care of their security and privacy of data. Therefore for banks in West Bengal all
conditions are met and it is up to the Banks’ policy of achieving the highest security in order to help
the customers to adapt the transactional social media. Our forecast is that transactional social media

will become more acceptable and popular in banking industry in coming years.
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Our future study includes more questionnaire collection and feedback received from customers and
banks to analysis the functionality of transactional social media and to suggest the ways to improve
the same.

Reference:

[1] Githa Heggde, G. S. (2018). Social Media Marketing: Emerging Concepts and Applications. Singapore: Springer
Nature.

[2] Bullas, J. (2014). Social Media facts and statistics you should know in 2014. Springer.

[3] DUGGAN, A. L. (2014). COUPLES, THE INTERNET, AND SOCIAL MEDIA. America: Pew Research Centre.
[4] L, E. (2010). Social Media Marketing, Strategies for engaging in facebook, twitter and other social media. Que
Publishing.

[5] Zadeh L.A; (1965); Fuzzy sets. Information and Control, 8(5): 338- 353.

[6] Yen, K. K.; Ghoshray, S.; Roig, G.; (1999); A linear regression model using triangular fuzzy number
coefficients, fuzzy sets and system, doi: 10.1016/S0165-0114(97)00269-8.

[7] Abbasbandy, S. and Hajjari, T.; (2009); A new approach for ranking of trapezoidal fuzzy numbers;
Computers and Mathematics with Applications, 57(3), 413-419.

[8] A.Chakraborty, S.P Mondal, A.Ahmadian, N.Senu, D.Dey, S.Alam, S.Salahshour; (2019); The Pentagonal
Fuzzy Number: Its Different Representations, Properties, Ranking, Defuzzification and Application in Game
Problem, Symmetry, Vol-11(2), 248; doi: 10.3390/sym11020248.

[9] A.Chakraborty, S. Maity, S.Jain, S.P Mondal, S.Alam; (2020); Hexagonal Fuzzy Number and its Distinctive
Representation, Ranking, Defuzzification Technique and Application in Production Inventory Management
Problem, Granular Computing, Springer, DOI: 10.1007/s41066-020-00212-8.

[10] S. Maity, A.Chakraborty, S.K De, S.P.Mondal, S.Alam; (2019); A comprehensive study of a backlogging
EOQ model with nonlinear heptagonal dense fuzzy environmentRairo Operations Research;
DOI: 10.1051/r0/2018114.

[11] Atanassov K.;(1986); Intuitionistic fuzzy sets. Fuzzy Sets and Systems 20: 87-96.

[12] Smarandache, F. A unifying field in logics neutrosophy: neutrosophic probability, set and logic. American
Research Press, Rehoboth. 1998.

[13] A.Chakraborty, S.P Mondal, A.Ahmadian, N.Senu, S.Alam and S.Salahshour; (2018); Different Forms of
Triangular Neutrosophic Numbers, De-Neutrosophication Techniques, and their Applications, Symmetry,
Vol-10, 327.

[14] A. Chakraborty, S. P Mondal, S.Alam, A. Mahata; (2019); Different Linear and Non-linear Form of
Trapezoidal Neutrosophic Numbers, De-Neutrosophication Techniques and its Application in Time-Cost
Optimization Technique, Sequencing Problem; Rairo Operations Research, doi: 10.1051/r0/2019090.

[15] A. Chakraborty, S. Broumi, P.K Singh; (2019); Some properties of Pentagonal Neutrosophic Numbers and
its Applications in Transportation Problem Environment, Neutrosophic Sets and Systems, vol.28,
pp-200-215.

[16] A. Chakraborty, S. Mondal, S. Broumi; (2019); De-neutrosophication technique of pentagonal neutrosophic
number and application in minimal spanning tree; Neutrosophic Sets and Systems; vol. 29, pp. 1-18,

doi: 10.5281/zenod0.3514383.

Nidhi Singh, Avishek Chakraborty, Soma Bose Biswas, Malini Majumdar; A Study of Social Media linked MCGDM Skill under Pentagonal

Neutrosophic Environment in the Banking Industry


https://zenodo.org/record/3514383#.XazK3ugzbIU

Neutrosophic Sets and Systems, Vol. 35, 2020 140

[17] A. Chakraborty ; (2020); A New Score Function of Pentagonal Neutrosophic Number and its Application in
Networking Problem; International Journal of Neutrosophic Science; Vol-1(1), p.p-35-46.

[18] A. Chakraborty, B. Banik, S.P. Mondal and S. Alam; (2020); Arithmetic and Geometric Operators of
Pentagonal Neutrosophic Number and its Application in Mobile Communication Based MCGDM Problem;
Neutrosophic Sets and System, Vol 32, pp: 61-79, DOI: 10.5281/zenodo.3723145.

[19] A. Mahata, S.P Mondal, S. Alam, A. Chakraborty, A. Goswami, S. Dey; (2018); Mathematical model
for diabetes in fuzzy environment and stability analysis- Journal of of intelligent and Fuzzy System, doi:

https://doi.org/10.3233/JIFS-171571.
[20] A.Chakraborty; (2019); Minimal Spanning Tree in Cylindrical Single-Valued Neutrosophic Arena;

Neutrosophic Graph theory and algorithm; DOI-10.4018/978-1-7998-1313-2.ch009.

[16] A. Chakraborty, S. P Mondal, S.Alam, A. Mahata; (2020); Cylindrical Neutrosophic Single-Valued Number
and its Application in Networking problem, Multi Criterion Decision Making Problem and Graph Theory;
CAAI Transactions on Intelligence Technology, Vol-5(2), pp:68-77 , DOI: 10.1049/trit.2019.0083.

[21] T.S. Haque, A. Chakraborty, S. P Mondal, S.Alam, A. Mahata; (2020); A new approach to solve multi criteria
group decision making problems by exponential law in generalized spherical fuzzy environment; CAAI
Transactions on Intelligence Technology, Vol-5(2), pp: 106-114, DOI: 10.1049/trit.2019.0078.

[22] S. Broumi, A. Bakali, M. Talea, Prem Kumar Singh, F. Smarandache;( 2019); Energy and Spectrum Analysis
of Interval-valued Neutrosophic graph Using MATLAB, Neutrosophic Set and Systems, vol. 24,
pp- 46-60.

[23] A. Chakraborty, S. P Mondal, S. Alam ,A. Ahmadian, N. Senu, D. De and S. Salahshour; (2019); Disjunctive
Representation of Triangular Bipolar Neutrosophic Numbers, De-Bipolarization Technique and Application in

Multi-Criteria Decision-Making Problems, Symmetry, Vol-11(7), 932.

[24] Senthil Kumar N, S. K. (2016). On Privacy and Security in Social Media — A Comprehensive Study. Procedia
Computer Science (pp. 114-119). Nagpur, India: Elsevier.

[25] Paul Lowry, J. C. (2011). Privacy Concerns versus Desire for Interpersonal Awareness in Driving the Use of
Self-Disclosure. Journal of Management Information Systems , 163-200.

[26] Patrick Van Eecke, M. T. (2010). Privacy and social networks. Computer Law & Security Review , 533-546.
[27] Gail-Joon Ahn, M. S. (2011). Security and Privacy in Social Networks. IEEE Internet Computing , 10-12.

[28] Frederic Marimon, L. H. (2012). Impact of e-Quality and service recovery on loyalty: A study of e-banking
in Spain. Total Quality Management and Business Excellence .

[29] Chung Tin Fah, M. A. (2012). Money Supply, Interest Rate, Liquidity and Share Prices: A Test of Their

Linkage. Global Finance Journal .

Nidhi Singh, Avishek Chakraborty, Soma Bose Biswas, Malini Majumdar; A Study of Social Media linked MCGDM Skill under Pentagonal

Neutrosophic Environment in the Banking Industry


https://doi.org/10.1049/trit.2019.0083
https://doi.org/10.1049/trit.2019.0078

Neutrosophic Sets and Systems, Vol. 35, 2020 141

[30] Rahimi, R., & Me, K. (2016). Impact of Customer Relationship Management on Customer Satisfaction: The
Case of a Budget Hotel Chain. Journal of Travel & Tourism Marketing .

[31] Chinedu-Okeke, C. F., & Obi, I. (2016). Social Media As A Political Platform In Nigeria: A Focus On
Electorates In South-Eastern Nigeria. IOSR Journal of Humanities And Social Science

[32] Kalia, G. (2013). A Research Paper on Social media: An Innovative Educational Tool.

[33] Emel Kursunluoglu, I. (2015). A Review of Service and E-Service Quality Measurements: Previous
Literature and Extension. Journal of Economic and Social Studies .

[34] Ajimon George, G. G. (2013). Antecedents of Customer Satisfaction in Internet Banking: Technology
acceptance Model Redefined. Global Business Review .

[35] Norman Gwangwava, M. M. (2014). E- Manufacturing and E-Servise Strategies in contemporary organizations.
Hershey-USA: IGI Global.

[36] Abdel-Basset, M., El-hoseny, M., Gamal, A., & Smarandache, F. (2019). A novel model for evaluation
Hospital medical care systems based on plithogenic sets. Artificial intelligence in medicine, 100, 101710.

[37] Abdel-Basset, M., Manogaran, G., Gamal, A., & Chang, V. (2019). A Novel Intelligent Medical Decision
Support Model Based on Soft Computing and IoT. IEEE Internet of Things Journal.

[38] Abdel-Basset, M., Mohamed, R., Zaied, A. E. N. H., & Smarandache, F. (2019). A hybrid plithogenic
decision-making approach with quality function deployment for selecting supply chain sustainability metrics.
Symmetry, 11(7), 903.

[39] Abdel-Basset, M., Nabeeh, N. A., El-Ghareeb, H. A., & Aboelfetouh, A. (2019). Utilising neutrosophic
theory to solve transition difficulties of IoT-based enterprises. Enterprise Information Systems, 1-21.

[40] Abdel-Baset, M., Chang, V., & Gamal, A. (2019). Evaluation of the green supply chain management
practices: A novel neutrosophic approach. Computers in Industry, 108, 210-220.

[41] P. Biswas, S. Pramanik and B. C. Giri, Topsis method for multiattribute group decision-making under

single-valued neutrosophic environment, Neural Computing and Applications, 27(3)(2016), 727-737.

Received: Apr 17,2020 Accepted: July 7, 2020.

Nidhi Singh, Avishek Chakraborty, Soma Bose Biswas, Malini Majumdar; A Study of Social Media linked MCGDM Skill under Pentagonal

Neutrosophic Environment in the Banking Industry



Neutrosophic Sets and Systems, Vol. 35, 2020

University of New Mexico

Neutrosophic Multiset Topological Space

Rakhal Das! and Binod Chandra Tripathy?

'Department of Mathematics, Tripura University Agartala -799022; Tripura, INDIA; E mail: 'rakhaldas95@gmail.com
and rakhal. mathematics@tripurauniv.in

2Department of Mathematics, Tripura University Agartala -799022; Tripura, INDIA; E mail binodtripathy@ttipurauniv.in,
tripathybc@yahoo.com and tripathybc@gmail.com
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1. Introduction

In recent years, multisets and neutrosophic sets have become a subject of great interest for
researchers. Mathematicians always like to solve a complicated problem in a simple way and to find
out the most feasible solution. Neutrosophy has been introduced and studied by Smarandache [13,
15] as a new branch of philosophy. Recently various papers published on neutrosophic topology and
many researchers doing very well, neutrosophic decision making had been studied in [15, 17].
Algebraic properties of neutrosophic set studied in [9, 13], Neutrosophic Bipolar Vague Soft Set, and
its property studied in [9]. Smarandache generalizes intuitionistic fuzzy sets (IFSs) and other kinds
of sets to neutrosophic sets (NSs). In Smarandache [12, 13], some distinctions between NSs and IFSs
are underlined. decision-making problem, algebraic property one can analysis by topological
property connectedness and compactness property that property can help to take the decision into a
more reliable way. Smarandache [13, 14, 15] also defined various notions of neutrosophic topologies
on the non-standard interval. The logic of the neutrosophic set is very clear and its utilization on
topology is very beneficial for many standard problems like diagnosis of bipolar disorder
diseases group decision making and analytical property and evaluation Hospital medical care
systems etc. [1, 9, 13]. The relation between the intuitionistic fuzzy topology (IFT) on an IFS and the
neutrosophic topology are also analyzed by Smarandache.

Multiset theory was introduced by Bilzard [3]. Later on multiset topological space was studied by
many researcher Shravan and Tripathy [17, 18, 19]. The purpose of this paper is to construct a new
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generalization of topological space called the neutrosophic multiset topological space. The possible
application of neutrosophic multiset topological space has been studied. For the different types of
behavior of objects in nature sometimes set theory and multiset theory fails to describe some
particular situation. Sometimes it is observed that Neutrosophic Multiset can be described in an
easier way to handle such cases. Neutrosophic set and topological space have been studied by
Salama and Alblowi [10, 11]. The concept of multiset topological space has been applied for studying
different properties of spatial objects. In this article we have used multiset neutrosophic topological
space for studying various spatial topological properties, like closeness connectedness and the
completeness property and its application further in various fields.

2. Materials and Methods

We procure some existing definitions in this paper, one may refer to Smarandache ([13], [15]) and S.

Alias, et.al [2].
We define functions T, F' and Ifrom X to [0, 1]. Where T is membership value, F fails membership

value and I is the indeterminacy value.
The definition of neutrosophic multiset was first define by Smarandache [12] as follows.

Definition 2.1. [12] A Neutrosophic Multiset is a neutrosophic set where one or more elements are

repeated with the same neutrosophic components, or with different neutrosophic components.

Definition 2.2. The Empty neutrosophic multiset is denoted by Ne and define by

No={<X(g4,1)>: ¥xeX} where x can be repeated.

Definition 2.3. The Whole neutrosophic multiset is denoted by Wx and define by

Wix = {<X(15,0)>: VxeX]} where x can be repeated.

The power set of neutrosophic multiset is denoted by P(X).

The collection of all possible subsets of X is called the power set of the netrosophic multiset.

Definition 2.4. Let A = {(x -~ ): xeX} be a neutrosophic multiset on X then the

“TaxrlamrFam
compliment of A is denoted by Ac and define by

Ac={(x xeX}.

“Faxpl—laxTa |x|})'

Where x can be repeated based on its multiplicity and the corresponding T, F, I values may or may

not be equal.
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Definition 2.5. The intersection of NM sets are defined by A nB = {x: xeA and x<B}.
Definition 2.6. The union of NM sets are defined by =~ AUB={x: xeA or xeB}.
Definition 2.7. In the NM sets AcB if xe A implies that x€B.

Definition 2.8. Cardinality of a NM set A is denote the number of elements in a set A which is define
by card(A).

Definition 2.9. The Cartesian product of two neutrosophic multiset is defined by AxB = {(x, y) : xeA
and yeB}.

Definition 2.10 The difference of two NM sets A and B is the collection of members such that all

members belong to A but not in B.

Now we introduce two new types of operation maximal union NM set and minimal intersection NM

set.

Definition 2.11. Let X be a non-empty set, and neutrosophic multiset A and B in the form A = {(

~):xeX}and B = { -.): xe X}, then the operations of maximal union

x x
“TarxrlaxrFam ( TR xplBixrFRx

and minimal intersection NM set relation are defined as follows:

1. (AUB)mwx={(X<p :

F ): xeX}, where T4 v B)max ()

(A Bimax (x1H&8 w Blmax (27 T (& Bimax (X)

= max{ TAI:.\:'}/ TBn:x} }, FI:A-\.? Blmax (21 min{TAn:x}r TBn:.r}} and II:AQ.E}muxl:x}

min{IA,:_r:,, IE‘ ,_r:,}

. _ x .
2. (AﬁB)mm {( <Ti4 nﬂlm[nlxl-']lﬁr‘lﬂlmmlxl Fra |"|.B|ﬂ‘-“:l1-|_|.'l;.'|'1:=‘j : xeX}, where

TI'AHB}mm (=) = min{ TAl:x}r T.El:x}} and FI:AH.E}m[n (x) = max{ FAI:.r}/ FE‘l:_r}} and

ik

Lans g, (o =maxtlyyr Ipiah

Example 2.1. Let X ={x, y, z, t} and A = { x<07,02,03> X<07,02,03> Y<0.3,02,07, Y<09,03,0.1>, Z<0.0,1,1>, t<05,07,05>},
B = {x<070203, X<080502, y<03,02,07, J<03,0207, Z<0708 03, t<00,1,1-} be neutrosophic multisets, then
the maximal union and minimal intersection are

(A U B)max = {x<0.8,02 02>, Y<09,02,0.15, Z<07,07,03>, t<0.5,07, 05>} and
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(A M B)Min = {x<07,05,03>, y<0.3,03,07>, 2<0.0,1, 1>, t<0.0,1, 15}
We formulate the following results without proof.
Result 2.1. Union of any family of neutrosophic multisets is always a neutrosophic multiset.
Result 2.2. Intersection of any family of neutrosophic multisets is always a neutrosophic multiset.
Result 2.3. The compliment of a neutrosophic multiset is always a neutrosophic multiset.
Result 2.4. Every neutrosophic set is a neutrosophic multiset but not necessarily conversely.

Example 2.2. Let A = {8(05,03,02), 806,03 02), 8(0.4,01,03), 7(0.20.7,0.0}.

Here A is a neutrosophic multiset but not a neutrosophic set.

Result 2.5. Let {A;j : je A} be an arbitrary family of NM set in X, then the arbitrary maximal union and

arbitrary minimal intersection is also a NM set.
Remark 2.1. A neutrosophic multiset is a natural generalization of multiset as well as Cantor set.
We introduced neutrosophic multiset topological space and study some of its properties.

Definition 2.12. Let X be neutrosophic multiset and a non-empty family T subsets of Wx is said to

be neutrosophic multiset topological space if the following axioms hold:

1. Neo, Wxe T.
2. AnBe T, forA, BeT.

3. Uiand;e 1 for V{AiiieAle T

In this case the pair (Wx, T) is called a neutrosophic multiset topological space (NMTS in short) and
any neutrosophic multiset in T is known as open neuterosophic multiset (ONMS in short) in Wx .
The elements of T are called closed neutrosophic multisets, otherwise a neutrosophic set F is

closed if and only if its complement F° is an open neutrosophic multiset.
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Definition 2.13. Let (Wx, T1) and (Wx, T2) be two neutrosophic multiset topological spaces on Wx.
Then T1is said be contained in T:thatisif Tic T2i.e, Ae Tz2for each Ae Ti. In this case, we also say

that T1is coarser than To2.

Definition 2.14. Let (Wx, T) be a neutrosophic multiset topological space on Wx. A non-empty

family of subsets § of X is called neutrosophic multiset basis of the neutrosophic multiset topological

space Wx if any element of T can be express as the union of the element of .

Remark 2.2. As usual, basis of a neutrosophic multiset topological space is not unique.

Definition 2.15. Let (Wx, T) be a neutrosophic multiset topological space with base . The interior of

the neutrosophic multiset A is the union of basis element of T which is contained in A and it is

denoted by NMintA, i.e, NMint (A) = { UBi : BicA and Biep}.

Definition 2.16. Let (Wx, T) be a neutrosophic multiset topological space. The closure of the
neutrosophic multiset A is the intersection of all closed neutrosophic multiset containing the set A it
is denoted by NMci(A), i.e, NMc(A) = {~Fi: AcFiand Ffe T }.

In view of the definitions, we formulate the following result.

Proposition 2.1. Let (Wx, T) be a neutrosophic multiset topological space and A, B be two

neutrosophic multiset on Wx, then the following property hold:

1. NMimAcCA.

2. AcB = NMin(A) € NMin (B).

3. Ac NMa(A).

4. AcB = NMca(A) c NMca(B)

5. NMint (NMint (A)) = NMint(A).

6. NMa (NMca(A)) = NMca(A).

7. NMa(AUB) = NMca(A)UNMca(B).
8. NMin(Wx) = Wx.

9. NMa(Ne) = Ne.
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Definition 2.17. Let (Wx, T) be a neutrosophic multiset topological space a non-empty set S is called

a subbasis if the finite intersection of the elements of S can form a basis for T.

Definition 2.18. Let (Wx, T) be a neutrosophic multiset topological space a point PeAc Wx is said

to be a limit point of A if for every basis element f containing p contains one element of A other than

p, i.e, pnA F No.
3. Results

3.1. Compactness, Connectedness and Continuous map.

Definition 3.1.1. Let (Wx, T) be a neutrosophic multiset topological space. A neutrosophic multiset

A is said to be disjoint if 3 two neutrosophic multisubsets B, C such that BnC= Ne and A = BUC.

Definition 3.1.2. Let (Wx, T) be a neutrosophic multiset topological space. The space Wx is said to be

connected if Wx cannot be express as the union of two disjoint neutrosophic multisets.

Definition 3.1.3. Let (Wx, T) be a neutrosophic multiset topological space. The space Wx is said to be

compact if every open cover of Wx has a finite subcover.

Proposition 3.1.1. Every finite neutrosophic multiset topological space is compact.

Definition 3.1.4. Let (Wx, T1) and (Wx, T2) be two neutrosophic multiset topological space. The NMS

function f: (Wx, T1) - (Wx, T2) is said to be continuous if for each open neutrosophic multiset V' of

T2 the neutrosophic multiset f-! (V) is an open submset of T1.

Proposition 3.1.2. Let f be a continuous function from a NMS topological space (Wx, T1) to another

NMS topological space (Wx, Tz), the function fis said to be a homomorphism if {AUB) = f(A) U f(B)

where A, Be Tiand f(A), f(B)e Te.
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3.2. Separation axioms on neutrosophic multiset.

We have defined disjoint neutrosophic multiset, connectedness, compactness and the continuous
image of neutrosophic multiset topological space. In this section we define separation axioms on

NMS topological space.

In the NMS a singleton set {p} is define by {p} = {x‘:ruxwluwauxu:’: T )= 0, when x = p otherwise T, =

0, Iy =1-Tiy and Fioy =1 - Ty, forall xeWx}.

Where x can be occurs more than one times it’s depends on its multiplicity and then T, F, I value may

or may not be equal.

Definition 3.2.1. Let (Wx, T) be a neutrosophic multiset topological space. If there exist only two

open neutrosophic multiset in (Wx, T) is called indiscrete NMS topological space.

Definition 3.2.2. Let (Wx, T) be a neutrosophic multiset topological space. If every singleton

neutrosophic multiset is an open NMS set then (Wx, T) is called discrete NMS topological space.

Definition 3.2.3. Let (Wx, T) be a neutrosophic multiset topological space. If for every two distinct
NMS singleton sets, {x1}; {x2} then there exist V, U e T such that{xi}c V and {x2}¢ V or {x2}c U and
{x1}z U. Hence, (Wx, T) is NMSTe-space. i.e., there exists T-open NMS which contains one of them
but not the other.

Definition 3.2.4. Let (Wx, T) be a neutrosophic multiset topological space. If for every two distinct
NMS singleton sets, {x1}; {x2} then there exist V,U e T such that{xi}c V and {x2}z V and {x2}c U and

{x1}z U. Hence, (Wx, T) is NMSTi-space.

Definition 3.2.5. Let (Wx, T) be a neutrosophic multiset topological space. If for every two distinct
NMS singleton sets, {x1}; {x2} then there exist V,U € T such that{xi}c V and {x2}¢ V and {x2}c U and

{xijg Uand U N V= Ne. Hence, (Wx, T)is NMST:-space.
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Proposition 3.2.1. Every NMST:-space is NMSTi-space but it is not necessarily conversely.

Example 3.2.1. In co-finite neutrosophic multiset topological space is not a NMST:-space but when

the space has the finite neutrosophic multiset topology then it is NMSTi-space.
So when we consider the infinite neutrosophic multiset topology we can get our desire result.

Proposition 3.2.2. Every NMSTi-space is NMSTo-space but it is not necessarily conversely.

Example 3.2.2. Let Wx = {x<05,07,05>, X<05,07,05>, Y<03,04,07>} and T ={ Wx, Ne, {y}}.

Here (Wx, T)is a NMSTo-space but it is not a NMST:.

Proposition 3.2.3. Every NMST:-space is NMSTo-space but it is not necessarily conversely.

Example 3.2.3. Since every NMSTo-space is not a NMSTi-space and every NMSTi-space is not a
NMSTz-space so every NMSTo-space is not a NMSTz-space.
Proposition 3.2.4. Every discrete NMS topological space is NMST:-space.

3.3. Distance function on NMS.

In this section we are going to define a distance function on Neutrosophic set. Since in Neutrosophic
set we have defined Neutrosophic elements, Neutrosophic subset so it is natural to ask, can we
measure the distance between two Neutrosophic points or two Neutrosophic sets or is there any

distance between a Neutrosophic point to a Neutrosophic set?

The distance function between multiset points is defined by Shravan and Tripathy [12], based on the

multiplicity and the elements.

The Neutrosophic point p of a Neutrosophic multiset Wx is define by p = {(T(), Lizyr Frap): Tiy=0,

when x=p, otherwise T{;=0, Iy = 1-T; and Fiy = 1-Ti,, forall xeWx}.

Note: The Neutrosophic point p can have multiple time it's depends on its multiplicity.

Definition 3.3.1. Let x, y be two Neutrosophic points on a Neutrosophic set Wx. The distance

between the points is denoted by d(x, y) and is define by d(x, y) = sup{lx-yl, 1Ty — Tipnl,

ey — Lyl 1F ey — Fiy 1), where the distance function d is define by, d:Wx— R*U[0).
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Definition 3.3.2. Let x be a Neutrosophic point and A be a subset on a Neutrosophic set Wx. The

distance between the point x and set the A is denoted by tI(x, A) and is define by tI(x, B)

=inf-sup{lx-yi |, 1Ty — T,»}.:,l.l, iy — I':}'I'[l’ IF iy — F':}'I'[l : for all yie A}.

Definition 3.3.3. Let A, B be two Neutrosophic subset of a Neutrosophic set Wx the distance between

T

the sets A and set B is denoted by CI(A, B) and is define by t'I(A, B) =inf sup{lxi-yil, | T,:_r:,l. — Ly, l,

Heay: = Teyyi 1 1 F gy, — Fiyn | Vaie A, and yie B}

From the definition 5.1, 52 and 5.3 we can define another definition of matric space on a

Neutrosophic multiset.

Definition 3.3.4. A non-empty Neutrosophic set Wx is said to be a Neutrosophic metric space with

the distance function d: WxXWx —R+U{0}, if Wx satisfy following:
1. d(x,¥)20, Vx, yeWx.

2. d(x¥)-0, iffx=y and Ty, = T, :

i (¥ F':-r}[ =F

i Loy = Loy

3. d(x,¥)=d(y,x),VxyeWx

4. d(x,z)<d(xy) + d(v, 2), Vxy,zeWx

4 =~

Theorem 3.3.1. If d'and d° be two Neutrosophic metric spaces then d = max{d’, d°} is also a

Neutrosophic metric space.

= =1

Theorem 3.3.2. If d*and d° be two Neutrosophic metric space then d = min{d?, d°} is not a

Neutrosophic metric space.

The proof of the above two theorem is obvious using the concept of general matric space.

4. Applications

The work done in this paper is based on the application of neutrosophic sets in multiset topological
space. These can be further applicable for the development of neutrosophic topology separation
axioms on neutrosophic multiset topology and neutrosophic multisets.

5. Conclusions
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In this paper we have established some properties of the neutrosophic multiset topological space
such as compactness and connectedness, continuous function on netrosophic multiset topology,
separation axioms on neutrosophic multiset topology. Also we have introduced the notion of the
distance function in neutrosophic multiset and examined some properties. This paper can be useful
for further development of neutrosophic multiset theory and neutrosophic topology.
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Abstract: This paper aims to uncover the position of social media in customer relationship
management (CRM) in banking industry in West Bengal (W.B) under neutrosophic environment. It
also tries to identify the attributes that influence the adaptation of different social media platforms
for marketing by Banks and finally its use in CRM approaches. The scope of this research is,
however, limited to the West Bengal (India) state. In this study a qualitative in-depth questionnaire
has been used in presence of impreciseness. Three case studies were developed, which explained the
adaptation and implementation of social media in retail banks in W.B. The responses, gathered
through in-depth interviews with top bank officials and estimated data from official web sites of the
banks have been used for MCGDM and sensitivity analysis. Different attributes like Safety &
Privacy, Effectiveness & Efficiency and Fulfillment & Responsiveness have a significant impact on
the overall service quality perception for Banks using social media and its platforms. We have
performed comparative analysis with the established method to find out the best social media
platform under neutrosophic environment in WB’s banking Industry. Successful implementation of
these platforms would then ensure Customer Loyalty and effective CRM. It was also noted that
customers mainly refrain from Banking through social media due to safety and privacy concerns.
The study was done to suggest betterment of social media marketing performance for banks in WB
in presence of uncertainty. It recommended managers to continuously monitor the overall service

quality of social media platforms as they lead to customer loyalty and CRM.

Keywords: West Bengal, Social media, Customer loyalty, Service quality, Customer Relationship

Management, Neutrosophic, CRM, Retail banking.
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1. INTRODUCTION:

1.1. SOCIAL MEDIA: Social Media is a communication platform that facilitates communication via
virtual networks. It is a virtual medium which is designed to aid people to share contents, pictures,
videos, and views swiftly and in real-time through websites and applications. The ability to share
photos, opinions, events, etc instantaneously has transformed the way we communicate and, also,
the way we do business. It provides the facility of continuously communicating with a large number
of people at a time. The revolution of Social media and its increasing impact has transformed its old
conventional image of amusement to an opportunity to work and trade. This vibrant use of social
media has affected almost every business sectors either positively or negatively. It has changed the
way business was done and Marketing has taken a new shift after this. Social media offers different
ways to promote business either through organic marketing (free) or by paid marketing. Web 2.0
technologies are the stage of Internet expansion where static web pages were converted to user
generated content [1]. The business communication is enhanced to a new height via online mode
through Social media [2]. According to [3] People share a lot of information about their personal
lives, their needs and preferences on social media and it may assist the institutions to design their
marketing policies. Based on the above data it can be said that the social media set-up facilitate in
building virtual group for individuals with similar mind-set, hobbies, work culture etc [4].
Therefore, use of social networking could assist Banks build up their brand awareness and brand
loyalty which ultimately help in customer acquirement and retention [5]. Communication between
clients and Banks has improved a lot after successful implementation of Internet mainly because it
has eliminated geographical hindrances [6]. Now it has almost become mandatory for all the banks

to adapt social media for getting customer loyalty and effective CRM.

1.2. Social media statistics in India: India is the 2nd largest country in the world in terms of

Population with over 1.36 billion people.

e India currently has a population of 1,369,566,180 - this is 17.1% of the world’s total
population

e Median age is 27.1 years - it's a young country

e Life expectancy is 69 years

¢ Internet penetration is low in India - yet, in December 2018, 566 million users were online in
India. Out of this - 493 million are regular users of the internet. (source: livemint).

o Atthe end of 2018, the number of social media users in India stood at 326.1 million. (statista)

e At the end of 2019, this number has been estimated to grow to 351.4 million.

¢ On average, Indian users spend 2.4 hours on social media a day (slightly below the global
average of 2.5 hours a day). (Source: The Hindu)

e 290 million active social media users in India access social networks through their mobile

devices. (Source: Hootsuite)
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India: social network penetration 2017-2023
Based on customer’s requirement and rapid market the number of social media sites is increasing
day by day to cater to the needs of different audience groups. Before choosing social media platform,
it is essential for banks to realize the available social media platforms and location of their customer

base in these Medias. Some of the social media categories are as follows:
1.2.1 Communities and social groups:

“We build technologies to give people the power to connect with friends and family,

find communities and grow businesses”- face book

These sites allow connecting people of similar interests and background. This is used to share
information and events to large number of customers and building relationship by regular
interaction. Banks may also pose their brand on social network as an expert information source. This
may also be used for educating and training customers regarding different products and services
provided by banks.

Face book Statistics in India:

e India ranks first in terms of face book users. Currently is has 269 million active users in India
(Source: Investopedia)

e The largest user group by age on Face book is 18-24 years, with a massive 97.2 million users.
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Face book usage penetration in India from 2015 to 2023
Messaging and communication: (e.g. blogging and micro-blogging such as Twitter):
“Follow everything from breaking news and entertainment, to sports, politics, and everyday
interests. Then, join the conversation”- Twitter
Blogging and Micro Blogging are used for creating online communities where customers can seek
out information and answers to their questions. It is used to listen and resolve customer
queries/issues in banking world. It creates a vast online, viral, and word of mouth, which is optimal
for establishing brand loyalty and monitoring reputation.

Twitter Statistics in India:

e India has 7.75 million users on Twitter. (Source: statista)
e 18% of social media users in India look at Twitter as a source of news. (Source: Reuters)
e Twitter usage unlike other platforms is actually decreasing = 2.2% per quarter (Source:

Digital 2019 report from Hootsuite)
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Content Communities: (Photo and video sharing, e.g. YouTube):
“Enjoy the videos and music you love, upload original content, and share it all with friends, family,
and the world” — YouTube. They are content specific. These could be used for brand promotion,
engaging customer through sharing pictures, videos etc.
You Tube statistics in India

e As per Google announcement, as of August 2018, there were 245 million active You Tube

users in India.
e This figure is predicted to double over the next two years.
¢ Online video accounts for 75% of data traffic in the country — and with 4G networks

improving; this is likely to further increase.
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The literature on the banking sector has abundant references to online and electronic services (e.g.

e-banking), but has paid relatively little attention to the adoption and use of social media [7-9].

1.3. BANKING AND SOCIAL MEDIA

Banking sector is the backbone of any emerging economy. Banks are instrumental in implementing
the economic reforms. Any revolution in the banking sector because of the acceptance of technology
is bound to have a broad impact on an economy’s growth. These days, banks are seeking
unconventional ways to provide and differentiate amongst their various services. Customers now
demand a facility to conduct their banking activities at any time and place according to their
convenience [10].

Banking sector is the backbone of any emerging economy. Banks are instrumental in implementing
the economic reforms. Any revolution in the banking sector because of the acceptance of technology
is bound to have a broad impact on an economy’s growth. These days, banks are seeking
unconventional ways to provide and differentiate amongst their various services. Customers now
demand a facility to conduct their banking activities at any time and place according to their
convenience [11].

Social media has changed the entire gamut of business and marketing and Banking Industry is no
exception to this because here the Customer Interaction is a must. Today Social media is universal
and pervasive, so banks can rely on it. Digital communication is becoming a strong communication
medium between Banks and customers. This media is proving itself indispensable in connecting to
the potential clients. By allowing transfer of money, getting credit and even simply opening a bank
account, it has improved customer services which in turn are improving the customer relationship.
Assessing people’s sentiments is a very significant and staggering job, particularly in case of service
industry. Social media has a unique ability to create and sustain associations with customers,
creating better Customer relations. Hence banks need to consider social media as an integral part of
their overall marketing strategy [12].

People use Face book, Twitter, YouTube, Instagram, LinkedIn etcto understand different
information regarding the different products and services provided by banks only after
understanding the facilities and prospects of various social media platforms. Banks are using this
network to inform their customers about their products and upgrade them according to customers'
feedback. On the other hand, there is the talk of turnover in social networks. Also, purchases can be
made through social networks.

Physical Banking opted tactics like advertising, direct mail or face to face communication for
customer interaction so far but now the approaches have changed from providing customer service
to affiliation and long term relationship with customers. For doing it, banks need to diagnose
customers’ interests, emotions and behavior and with help of social media this analysis are being
done easily. Today, customers expect that they should be heard and answered and receive the
services they need through social media.

Social Medias can greatly affect the reputation and the brand image of the banks. Banks need a

transparent understanding of the key elements in the development of social media and adopt a road
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map and a strategy. The banks may use the following pathway in social media to listen to the

customers.

e As Is: Banks need to understand the customers’ requirements initially by analyzing their
data in social networks.

e Listen: The next step would be to analyze the data carefully. Then the bank should design
and provide support as per their expectation,

¢ Engage: Information can be collected through customers and through feedback taken Bank’s
can fulfill the customers’ needs.

e Optimize: In the last step bank should attract fans and increase the loyalty of existing

customers by using customers' feedback and analyzing their interactions with each other.

In a media landscape increasingly dominated by social media, Bank’s marketing strategy for
these platforms can make or break its success as a brand. Banks need to hold their social media
efforts to high standard, creating custom made strategies that build their brand, win customers,
and yield high ROI. Therefore social media techniques have become essential communication
tools for banks to communicate with people across globe. Banks are adapting social media
because they are finding it difficult to fight with traditional banking methods such as interest
rates and product differentiation to attract new clients and sustain the existing ones. In today’s
aggressive atmosphere customer loyalty can be gained through allocation of finer service quality
to ensure maximum customer satisfaction [13].The purpose of this study is thus, to explore the
implication of social media on service quality perception and client loyalty in the banking
industry of West Bengal. Social media service quality can be used to boost customers’ loyalty by
Banks in the India banking industry [14]. There are limited studies on social media service
quality and client loyalty for Indian Banking industry. This study will contribute towards
reducing the knowledge gap between impact of social media on service quality and customers’
loyalty. These attributes so discussed would be able to improve the quality of social media

performance.

The article is structured as follows: The next section will provide a discussion on the use of social
media in the Indian banking industry, followed by a discussion on the methodology that was
used for data collection, and a presentation of the results. The last section provides the study’s

findings and conclusion.

2. Literature Review: Indian Banks have started using social media in their regular operations in
various capacities a little lately and are at different stages of maturity. As of April 2013, some private
banks provide regular updates on the latest offers and allow basic customer operations through
popular social media sites. A large private bank in India hosted Face book application on its secure
servers allowing balance amount check, cheque book request, stop payment, etc. Some of the private
banks are using their social media websites to provide their customers, distinct offers, detailed

product information and consumer care services. With some banks taking the lead by setting
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example, the others also have started following their footsteps. In a survey by the Financial Brand
newsletter in July 2013, it was established that ICICI, Axis and HDFC Banks are among the top 10
Banks with Social Media presence. Of late public sector banks have also started using this media in a
grand way. As per present scenario, Indian banks can no longer live in denial by avoiding and not
using Social Media if they do not want threatening their own business. The Indian banking industry
has envisaged some social media channels to attract tech-savvy clients and improve customer

services to bring customer loyalty [15]. The use of social media in India has gained its importance.

2.1 Social Media Safety & Privacy: Privacy refers to the extent by which the customers’ details are
protected by bank’s social media platform [16].Banks need to give their customers enough
confidence to use their social media accounts so that they may perceive that their personal
information will be secured and not to be misused by banks [17]. Banks can build new healthy
relationship with customers if the privacy is perceived positively by customers [18]. The information
get disclosed and shared through social media so easily, that it has raised doubts about its privacy
among the users [19]. Maintenance of privacy in bank’s social media channel has been a big
challenge for the banking industry. The main challenge is to monitor and control the posts in these
sites [20]. A proper privacy setting of social media site is very essential in banks because privacy
invasion may lead to theft of personal identification and may lead to criminal proceedings. In case
of low security features hackers may hack the social media sites and/or may clone the original,

befooling customers and duping them [21].

2.2 Social Media Efficiency & Effectiveness: Effectiveness refers to the ease of use, internet speed,
expediency etc with which customers may access and use bank’s social media sites [22].
Effectiveness measures the efficiency of bank’s social media and it estimates the speed of accessing
and working on the bank’s social media sites to ensure timely and convenient completion of all
required interaction [23]. Social media can augment the conventional personnel—-client bonding with
an effective technological knowledge-based relationship [24].

Today’s customers need prompt responses and it can effectively be done in social media by
providing them relevant and quick information as & when required. It is surely required for
enhancement of quick responses to customers’ queries for the improvement of e-services and clients’
improved customer satisfaction [25]. Banks can provide unique banking experience to their clients
by giving them services combined with technology. Hence the primary task of the bank is to find
out and respond to customers’ queries effectively on Bank’s social media sites. By monitoring the
response of bank personnel on social media sites, Banks need to assess the service quality. As per the

above discussion we can make the following hypothesis:

2.3 Social Media Fulfillment & Responsiveness: Fulfillment concentrate on the service truthfulness
and ease of use of relevant information provided on a bank’s social media websites [26]. Customers
need prompt response and acknowledgement of their complaints or suggestions. The fulfillment
dimension concentrates on evaluating the banks promptness in responding to customers’

requirements [27]. For getting customer loyalty the banks create user generated customized content
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for getting the Fulfillment dimension [28]. Hence Fulfillment refers to the customer’s confidence on

Bank’s social media platform to the extent their requirements are fulfilled.

2.4 Theory of Vagueness and Multi-Criteria Decision-Making Problem (MCDM): Due to the
complication of detached things and hesitation in human thinking, [29] manifested a remarkable
perception of neutrosophic set theory, which has been widely applied on disjunctive arenas of
science and engineering. Recently, researchers developed pentagonal [30], Hexagonal [31],
Heptagonal [32] fuzzy numbers in research domain. Researchers also established some useful
techniques [33-35] which linked the hesitant number and the crisp number in real life scenario. In
this era, MCDM is the paramount topic in decision scientific research. Recently, it is more essential in
such problems where a group of criteria is apprised. For such problems involving multi-criteria
group, decision-making problems (MCGDM) have come into existence. In this current epoch,
several works has been already published in this arena. [36] Introduced MCDM skill in Pythagorean
fuzzy set field, [37] focused on linguistic aggregation operators based on MCGDM problem, [38]
surveyed intuitionistic interval fuzzy information and applied it in MCGDM problem, [39] derived
MCGDM methodology using type-2 neutrosophic linguistic judgments, [40] manifested the idea of
MCGDM in human resource development arena, [41] developed MCGDM skill in thermal
enovation of masonry buildings field,[42] introduced best-Worst-Method and ELECTRE Method
using MCGDM, [43] applied MCGDM in garage location selection based civil engineering problems,
[44] derived decision making method in intuitionistic neutrosophic environment, [45] utilized
MCDM in bipolar neutrosophic set arena, [46] wielded MCGDM in entropy based problem, [47]
used MCGDM in smart phone selection problem, [48] developed MCGDM in selection of advanced
manufacturing technology in neutrosophic set, [49] derived attribute based MCDM in linguistic
variable in intuitionistic fuzzy set.

Motivated by Smarandache’s neutrosophic theory [52], researchers established several articles
[53-62] in this domain and it is fruitfully applied in various field of mathematics. Also, a few new
techniques are manifested in neutrosophic theory which can grab and solve MCDM, MCGDM
problems in disjunctive domain. In this phenomenon, Vikor [63], TOPSIS [64], MOORA [65], GRA
[66] skills are developed to solve decision making problems using some suitable and logical
operators in neutrosophic theory. So, in case of social science related hesitant data, decision making
problem becomes one of the key topics in neutrosophic ambient.

In this research article, we consider a triangular neutrosophic based MCGDM technique to select the
best social media for online marketing in banking sector. Here, we collect all the information’s from
different banks based on their online marketing report. But, we observed that these data’s are
fluctuating and filled with lots of hesitations. Now, due to the presence of impreciseness we need to
improve our general established method. Thus, we have introduced triangular neutrosophic
number to tackle this system for better results. Additionally, we also incorporate different weights in
distinct attribute functions as well as decision maker’s choice. Finally, we performed a sensitivity

analysis and comparative study which reflects different case studies in disjunctive scenario.
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2.5 Preliminaries:

Definition 2.5.1: Fuzzy Set: A setF, generally defined as F = {(a, p?(a)):a €S, ux(a) € [0,1]},

denoted by the pair(a, pF(a)), where a belongs to the crisp set F and p (o) belongs to the

interval[0, 1], then set S is called a fuzzy set.

Definition 2.5.2: Triangular Fuzzy Number: A triangular fuzzy number A = (s;,s,,53) should
satisfy the following condition

(1) pz(x) is a continuous function which is in the interval [0,1]
(2) pyz(x) is strictly increasing and continuous function on the intervals [s;, s].
(3) pz(x) is strictly decreasing and continuous function on the intervals[sy, s3].

Definition 2.5.3: Linear Triangular Fuzzy Number (TFN): A linear triangular fuzzy number can be
written as Arpy = (51,52, 53) Whose membership function is defined as follows:

X—5y

ifs,<x<s
- f s 2

1l ifx=s
_ 2
Py () =1 o 5
ifs, <=x < s,
S3—5z
0 5t 52 5 x 0 Elsewhere

Figure 2.5.3.1: Graphical Representation of Linear Triangular Fuzzy Number

Definition 2.5.4: Neutrosophic Set: [52] A set neuS in the universal discourse X, symbolically
denoted by x, it is called a neutrosophic set if neuS = {(x; [T zs (x), Lizus (%), Frzzs (0)]) & x € X3,
where Tgz(x): X =] — 0,1 4 [ is said to be the true membership function, which has the degree of
belongingness, I;zs(x):X =] — 0,1 + [ is said to be the indeterminacy membership, having degree
of uncertainty, and Fjz5(x): X =] — 0,1 + [ is said to be the incorrect membership, which has the
degree of non-belongingness of the decision maker. T z5(%), Izus ()& Figus(x) exhibits the
following relation:

—0 < Sup{T iz ()} + Sup{li7zzs ()} + Sup{Fzzs(x)} < 3 +.

2.5.5: Triangular Single Valued Neutrosophic number: [33] A Triangular Single Valued
Neutrosophic number is defined as Ay, = (P1, P2, P3; 41, 2> G371, T2, T3) Whose truth membership,

indeterminacy and falsity membership is defined as follows:

Nidhi Singh, Avishek Chakraborty, Soma Bose Biswas, Malini Majumdar; Impact of Social Media in Banking Sector under Triangular
Neutrosophic Arena Using MCGDM Technique



Neutrosophic Sets and Systems, Vol. 35, 2020 163

X—P1 q2—Xx
—— whenp, <x< —— whengq, <x<
( P2—P1 P1 P2 (fh—fh @ qz
_ 1 when x = p, _ 0 when x = q,
TANeu(x) ) p3—x ’ IANeu(x) = x-q,
—— whenp, <x <p3 —= whengq, <x <q;
P3—P2 q3—q2
0 otherwise 1 otherwise
7"2 — X
whenr <x <,
n—n
_ 0 when x =,
FANeu(x) - X — 7"2
whennr, <x <1y
3=
1 otherwise

Where, 0 < Tgz,,, (%) + Liy,, () + Fz,,,(x) <3, x € Ayey

2.5.6: Score Function: [50]1 If Ay, = (py, P2, p3; T, p,0) be a triangular neutrosophic number then its

score function is defined as S, = é(pl + p, +p3) X (2+ 7 —p —0) and accuracy value is defined as,

1
Aczg(P1+P2+p3)X(2+”_P+U)

3. Purpose/ Objectives of the Study:
1. To understand the factors affecting the customers’ attitude towards acceptance of Social
Media Channels,
2. To help Banks understand the impact of Social Media Channels on customer satisfaction and

customer loyalty.

4. Research Methodology:

The data have been collected from various respondents working in different organizations
categorized mainly as education sector, service sectors as banks, hospitals, etc. engineering works
and Government and Public sector companies in the Kolkata metro area. The study consisted of 234
respondents whose income is above 15,000 per month as it is assumed that those people at least
above Rs. 15000 earning/ month will be transacting more through online mode and can afford a
smart phone. We have used a five point Likert scale where 5 indicates strongly agree, and 1 indicates
strongly disagree. 64.9% respondents are male and 35.1% are female.

Research Instrument: Demographic Profile is the independent variable in this paper. Technology
acceptance model by Ajzen & Fishbein, 1980, Davis, 1989 and Ajzen, 1991 are used for validating
questionnaire. The questionnaire is mainly focused on: Social Media platforms used by the banks

and attributes affecting the users” adaptability of the same.

TABLE 4.1.1 DEMOGRAPPHIC DETAILS OF RESPONDENTS

CHARACTERISTICS TYPES FREQUENCY %
MALE 135 57.69
GENDER FEMALE 99 4231
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<25 75 32.05
AGE 25-40 154 65.81
>40 5 02.14
EMPLOYED 92 39.32
UNEMPLOYED 22 9.40
PROFESSIONAL 14 5.98
OCCUPATION STUDENT 95 40.60
BUSINESS 10 427
OTHERS 1 0.43
FACEBOOK 132 56.41
SOCIAL MEDIA PLATFORM TWITTER 47 20.09
YOUTUBE 55 23.50
HOURS OF SURFING THROUGH SOCIAL MEDIA DAILY 149 63.68
WEEKLY 13 5.55
MONTHLY 6 2.56
VERY RARE 66 28.21
Table 4.1.2 Indicate acceptance of Social Media based on various attributes
BANK | PLATFORM SAFETY & EFFICIENCY & FULFILLMENT &
PRIVACY (%) EFFECTIVENESS RESPONSIVENESS
(%) (%)
1 FACEBOOK 10 65 54
TWITTER 6 16 50
YOUTUBE 5 26 28
2 FACEBOOK 15 76 56
TWITTER 12 37 26
YOUTUBE 21 24 15
3 FACEBOOK 23 29 45
TWITTER 13 15 16
YOUTUBE 45 9 7

4.1 Multi-Criteria Group Decision Making Problem in Triangular Neutrosophic Environment
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One of the most dependable, logistical and widely used topic in this recent era is Multi criteria
decision making problem. Its main objective is to find out the finest option among finite number of
different alternatives based on finite unlike attribute values. Its execution process was quiet tough to
estimate in triangular neutrosophic environment. To handle this MCGDM problem an algorithm

was developed using some mathematical operator and de-fuzzification technique.
4.1.1 Ilustration of the MCGDM problem
We consider the problem as follows:

Let P ={P;,P,,P;s ........... B} is the distinct alternative set and R = {R;,R,, R5 ... ........ R, } is the
distinct attribute set respectively. Let w = { wy, w3, w3 ... ... ..... w,} be the weight set associated with
the attributes R where each w =0 and also satisfies the relation},i-; w; = 1. We also consider the set
of decision maker D = { Dy, D,,Ds ... ........ Dg} associated with alternatives whose weight vector is

defined as A= {A;,A,, A; ... ........ A} where each A;>0 and also satisfies the relation Y¥ , A; = 1.
4.1.2 Normalisation Algorithm of MCGDM Problem:
Step 1: Framework of Decision Matrices

Here, we considered all decision matrices according to the decision maker’s choice related with
finite alternatives and finite attribute functions. It is noted that the member’s y;; for each matrices

are of triangular neutrosophic numbers. Thus, the final matrix is defined as follows:

. R, R, Ry . . . Ry
Py J’ﬁ y{cz y{% e y{(n
p k k k k

xk=| P2 viovh v o vk 1)
P3 . . . . . . .
P, vk. Vio Yes .. . yk.

Step 2: Framework of normalised matrix
To formulate a single group decision matrix X we utilized this logical operation yi']- = {3, w X"} for

individual decision matrix X!. hence, the final matrix becomes as follows:

R, R, Rs . . . Ry
PL Y Yiz Yz - .. - Yin
X=|P2 Yar Y2 Yoz - o o Yan | (4.2)
p, : T
By Yoy Ymz Yms -+ . Ymm

Step 3: Framework of Final matrix
To formulate the final decision matrix we utilized the logical operation yl-'J'- ={¥r Ay, .c=

1,2 ....m} for each individual Colum and finally, we get the decision matrix as,
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R,
Py yi;

Step 4: Ranking

Now, by considering the score and accuracy value (2.5.6) and converting the matrix (4.3) into crisp
form, so that we could evaluate the best alternative corresponding to the best attributes.

4.1.3 Flowchart:

Creation of Decision Matrices

Framework of Normalised matrix

!

Framework of Final matrix

Ranking using Score and Accuracy Value

!

Sensitivity Analysis

Figure 4.1.3.1: Flowchart for the problem
4.1.4 Mlustrative Example:

Here, we constructed a social media selection problem in which we have considered three different
social media services. Among these different social media platforms we want to select the best social
media service in a logical way. Normally, social media services are fully dependent on the attributes
like Safety & Privacy, efficiency & effectiveness and fulfilment & responsiveness of the system.
Keeping these points in mind different banks provided some realistic information in which
vagueness was present. Thus, we considered the data in the form of triangular neutrosophic number
and according to their suggestions we constructed the distinct decision matrices in triangular
neutrosophic environment as shows below: P, = Facebook, P, = Twitter, P; = Youtube are the
alternatives.R; = Safety & Privacy, R, = Ef ficiency & Ef fectivness , R; =

Fulfillment & Reponsiveness are the attributes.

Let us select four distinct decision makers from our environment, D; = Bank 1,D, = Bank 2,D; =
Bank 3 having weight distribution D = {0.35,0.33,0.32 } and the weight vector related with the
attribute function A= {0.32,0.35,0.33}.
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Step 1

According to the decision maker’s opinion the decision matrices are shown as follows:

Dl = P, <85,10,11;0.8,0.504 > < 62,65,67;0.7,04,0.5 > <51,54,57;0.6,0.5,0.5 >
P, < 3,6,8;0.6,0.4,0.5 > < 13,16,18;0.7,0.3,0.4 > < 47,50,54;0.5,0.2,0.3 >
P, <3,5,7;0.5,0.3,0.2 > < 23,26,30;0.6,0.3,0.4 > < 24,28,30;0.4,0.6,0.7 >
Bank 1 opinion
D? = P, <12,1517;0.6,04,03 > <72,76,79;0.5,0.6,0.4 > < 53,56,60;0.6,0.4,0.5 >
~ | P, <10,12,15;0.5,0.4,03 > < 35,37,39;0.5,0.2,0.3 > < 24,26,29;0.5,0.4,0.5 >
P; <18,21,25;0.5,0.6,04 > < 21,24,27;0.5,0.3,0.4 > < 11,15,18;0.8,0.5,0.4 >
Bank 2 opinion
. R, R, Ry
D3 = P, < 21,23,25;0.6,04,0.5 > < 26,29,31;0.6,0.4,0.5> <41,45,47;0.7,0.3,0.2 >

P, <10,13,17;0.5,0.2,03 > <12,15,19;0.7,0.5,0.5 > < 14,16,18;0.8,0.5,0.4 >
P; < 42,45,49;0.6,04,05 > <6,913;0.6,0.4,0.5 > <5,7,10;0.4,0.2,0.3 >

Bank 3 opinion
Step 2: Framework of Normalised decision matrix

M
. R, R, Rs

P, <13.6515.81,17.46;0.8,0.4,0.3 > < 53.78,57.11,59.44;0.7,0.4,0.4 > < 48.46,51.78,54.79;0.7,0.3,0.2 >
P, <7.5510.22,13.19;0.6,0.2,03 > < 19.94,22.61,25.25;0.7,0.2,03 > < 28.85,31.2,34.23;0.8,0.2,0.3 >
P, <20.43,23.0826.38;0.6,0.3,0.2> < 169,19.923.57;0.60.3,04 > < 13.63,16.99,19.64;0.8,0.2,0.3 >

Step 3: Framework of Final matrix

< 18.92,21.48,24.35; 0.68,0.2,0.3 >

<< 39.18,42.13,44.47;0.74,0.36,0.26 >>
M=
< 16.95,19.96,23.17;0.7,0.25,0.32 >

Step 4: Ranking

Now, we consider the score and Accuracy function technique (2.5.6), to convert the triangular

neutrosophic numbers into crisp one, thus we get the final ideal decision matrix as

< 33.34 >
M = << 17.65 >>
< 16.01 >

Thus, ranking of the social media service is as P, > P, > P;.
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4.1.5 Results and Sensitivity Analysis

To understand how the attribute weights of each criterion affecting the relative matrix and their
ranking a sensitivity analysis is done. The basic idea of sensitivity analysis is to exchange weights of
the attribute values keeping the rest of the terms are fixed. The below table is the evaluation table

which shows the sensitivity results.

Attribute Weight Final Decision Matrix Ordering
< 28.26 >
<(0.4,0.3,0.3)> P, > P, > P.
( ) << 15.56 >) R
< 14.42 >
<(0.3,0.4,0.3)> <3145> P.>P,> P,
<1642 >
<16.20 >
<(0.3,0.3,0.4)> <30.54> P,>P;> P,
< 16.44 >
<17.30 >
<(0.32,0.35,0.33)> <3334 > P,>P,> P,
< 17.65 >
<16.01 >
<(0.37,0.32,0.31)> <35.62> P, >P, > P
< 16.23 >
< 15.45 >
0.45
0.4
035 — [ OSafety & Privacy
v 03+
e
% 025 +
‘ES 02 1| B Efficiency & Effectivness
? 015
01 -+
OFulfillment & Reponsiveness
0.05 |
0
1 2 3 4 5
Trails

Figure 4.1.5.1: Sensitivity analysis table on attribute function.
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Figure 4.1.5.2: Best Alternative Social Media Service Table

4.1.6 Comparison Table
We compared this proposed work with the established works proposed by the researchers to find
the best social media and it is noticed that in each cases P; (facebook) becomes the best social media

service. The comparison table given as follows:

Approach Ranking
(Deli, Ali, & Smarandache, 2015) [51] P, >P,> P,
(H.Garg, 2016) [36] Py >P; > P,
Our Proposed P, >P, > P,

5. Implication:

There are a lot of social media sites like face book, twitter, Google plus, linked in, you tube etc.
available for online marketing. This study was primarily done to identify the impact of social media
marketing especially in Banking Industry based on different social media attributes. We wanted to
discover the right social media platform best suited for Banking Industry in West Bengal. The
perception of vagueness plays a vital role in designing mathematical calculations. In this study we

wanted to check the functionality of this system to find out the impact of different social media
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attributes on its acceptance in Online banking system in WB. Later we pioneered some more
fascinating outcome on score and exactness function.
There are a lot of researches already done in social media implementation in Banking Industry.
However many results are still unknown. Our work is to explore the idea in the following points:
e Defining the attributes necessary for social media platform for Banking Industry in West
Bengal.
¢ Discovering the best suitable social media site for Banking Industry in West Bengal.
¢ The graphical representation of adaptation of social media platform based on its attributes.
e Application of Triangular neutrosophic number based MCGDM problem for selection of

social media platforms.

Discussion
This study was done primarily to understand the perceptions of the people of West Bengal to use
social media for their banking transactions. The study examined the three different types of websites
i.e. Face book, Twitter and You Tube individually using three different attributes: Safety & Privacy,
Efficiency & Effectiveness and Fulfillment & Responsiveness.
The study yielded new viewpoints that are useful to both academicians and Banks. This study
showed that the selection of social media for Banking depends on various attributes which differs
based on customers’ perception.
All the three social media considered in this paper is different in nature. Communications & Social
groups like Face book, Messaging & Communication like Twitter, and Content & Communication
like You tube. Publicity in these three different social media sites differ both in content and context.
In the sample considered here men respondents are more than women; most of the respondents are
under 40 years of age and they frequently uses social media. Like the worldwide trend here also it
was observed that youngsters are dominating the social media sites. Social media mainly has
impacted the life of youngsters. It has become radically significant since last ten years and it has
attracted all age groups.
In West Bengal banking industry very less attention has been given to the measurement of social
media quality and its effects. It is agreed that Banks must consider the overall social media quality
measurement to satisfy customers. If the services experienced by customers are satisfactory, then it
will induce them for long tern connectivity with banks. Long term connectivity with improved
customer satisfaction in turn will bring customer loyalty.
Adaption of social media for banking industry is something beyond likes, comments and shares. The
main aim of adaption of social media is brand awareness, creation of leads and ultimately
conversions and finally brand advocacy. Banks should design their social media strategy
considering their pragmatic goals. Once the goals are set it is important to find their KPIs (Key
Performance Indicator) before implementing social media campaigns. A KPI is a quantifiable
measurement to evaluate their campaign in relation to their defined goals. The common social

media KPIs for banks can include Leads generation (through email signups or fulfilling some contact
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forms), Conversions (account sign ups, deposits), Referral traffic (from social media to website),

Brand Advocacy (Like, comment and share)

Figure 5.1: Example of Social Media KPI

6. Findings:

o All the three websites; Face book, Twitter and YouTube have gained attention among the
social media users in India, but Face book is the widely used social media website.

e Banks are mostly using all international brands of social media channels for their operations
due to lack of availability of good national social media networks. There is a great chance of
development of some social media channels locally by the Govt.

e Bank’s Social media Privacy drastically influences the endorsement of social media platform
in the banking industry of West Bengal.

e Social media Efficiency appreciably control the acceptance of bank’s social media platform
in the West Bengal Banking Industry.

e Social media Fulfillment extensively influences the acceptance of social media platform in

the West Bengal banking industry.
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e Customers’ prefer a bank that proposes them an experience that comprises all their service
needs.

o  All the three mentioned attributes have significant impact on overall customers’ satisfaction
which resulted in selection of Bank’s social media platform

e Social media privacy appreciably persuades overall customer decision in selecting Banks
social media sites in West Bengal banking industry. The study findings discovered that
customers worth the social media privacy highly in banking operations.

e Face book is most preferred platform for all demography regardless of age, gender and
occupation for all the Banks services.

e For You Tube and Twitter websites, people have different perceptions and choices
depending on different Banks.

e Banks may augment their profit margin by increased customers’ base through
implementing proper social media strategies and reduction in cost due to lesser no of

physical branches.

7. Conclusions:

In this current era, the West Bengal Banking Industry has conventionally been a high contact service
submission. As implementation of social media reduces direct human interaction, hence there arises
the need of continuous evaluation of service quality offered by Banks’ social media sites and
monitoring client’s perception on it. It was observed that clients were satisfied with the traditional
banking; still their expectations have grown bigger after introduction of e-services including social
media.

This study concluded that the following attributes of social media like Safety & Privacy, efficiency &
effectiveness and fulfillment & responsiveness have a significant influence on the service quality of
social media in the West Bengal Banking Industry under neutrosophic environment. It was observed
that customers mainly focuses on the attributes and service quality of Bank’s social media, hence it is
suggested that West Bengal Banking sector may priorities social media factors in their marketing
mixes. Additionally, comparison analysis is done with the established methods and sensitivity
analysis is performed in MCGDM technique under triangular neutrosophic arena. Finally it was
concluded that successful implementation of social media in banking industry generates customer
satisfaction and long term association which in turn converts to customer loyalty.

Further, researchers can apply this conception of triangular neutrosophic number in various fields
like social business problem, diagnoses problem, mathematical modeling, pattern recognition

problem, industrial problem, banking problem, marketing policy problem etc.

References:

[1] McNutt, K. (2014, March 13). Public engagement in the Web 2.0 era: Social collaborative technologies in a
public sector context. Wiley Online Library .

[2] Constantinides E., F. S. (2008). Web 2.0: Conceptual foundations and marketing issues. Journal of Direct, Data
and Digital Marketing Practice , 231-244.

Nidhi Singh, Avishek Chakraborty, Soma Bose Biswas, Malini Majumdar; Impact of Social Media in Banking Sector under Triangular
Neutrosophic Arena Using MCGDM Technique



Neutrosophic Sets and Systems, Vol. 35, 2020 173

[3] Alexandros Kapoulas, M. M. (2012). Understanding challenges of qualitative research: Rhetorical issues and
reality traps. QUALITATIVE MARKET RESEARCH, QMRI]J .

[4] Cata, V. B. (2011). Marketing Opportunities with social networks. Journal of Internet Social Networking and
Virtual Communities .

[5] Kaplan Andreas, H. M. (2009). Users of the world, Unite; The challenges and oppurtunities of social media.
Business Horizons .

[6] Vadivelu Tharanikaranl, S. S. (2017). Service Quality and Customer Satisfaction in the Electronic Banking.
International Journal of Business and Management .

[7] Cahyono, D. (2014). The influence of perceived service quality, attitudinal loyalty and corporate social
responsibility on repeat patronage intention in retail banking in Indonesia. Journal of Business and Retail
Management Research .

[8] Alexandros Kapoulas, M. M. (2012). Understanding challenges of qualitative research: Rhetorical issues and
reality traps. QUALITATIVE MARKET RESEARCH, QMRI] .

[9] Bausys, R., & Juodagalviene, B. (2017). Garage location selection for residential house by WASPAS-SVNS
method. Journal of civil engineering and management , 421-429.

[10] Nisha Anupama Jayasuriya, S. M. (2017). The Impact of Social Media Marketing on Brand Equity: A Study
of Fashion-Wear Retail in Sri Lanka. International Review of Management and Marketing .

[11] Kim, Y. (2016). Digital Media Use and Social Engagement: How Social Media and Smartphone Use
Influence Social Activities of College Students. Cyberpsychology, Behavior, and Social Networking .

[12] Jalan, A. (2018). Where will Man take us? The bold story of the man technology is creating. Penguin.

[13] faisal shah, k. k. (2015). Impact of Service Quality on Customer Satisfaction of Banking Sector Employees: A
Study of Lahore, Punjab. Vidyabharati International Interdisciplinary Reserach Journal .

[14] Louis Potgieter, R. N. (2017). Factors explaining user loyalty in a social media-based brand community. SA
Journal of Information Management .

[15] Kumar, A. G. (2014). Impact of service quality dimensions in internet banking on customer satisfaction.
Decision .

[16] Kim, Y. (2016). Digital Media Use and Social Engagement: How Social Media and Smartphone Use
Influence Social Activities of College Students. Cyberpsychology, Behavior, and Social Networking .

[17] Cahyono, D. (2014). The influence of perceived service quality, attitudinal loyalty and corporate social
responsibility on repeat patronage intention in retail banking in Indonesia. Journal of Business and Retail
Management Research .

[18] K, G. B, L, V.K,, & Liezel, C. (2019). The influence of social media service quality on client loyalty in the
South African banking industry. ACTA COMMERCII .

[19] Ayesha L Bevan-Dye, U. A. (2015). South African Generation Y students’ self-disclosure on Facebook. South
African Journal of Psychology .

[20] Bramwell K. Gavaza, K. L. (2019). The influence of social media service quality on client loyalty in the South
African banking industry. ACTA COMMERCII .

[21] Bevan-Dye, A. (2012). Relationship between self-esteem and Facebook usage amongst black Generation Y
students. African Journal for Physical Health Education .

Nidhi Singh, Avishek Chakraborty, Soma Bose Biswas, Malini Majumdar; Impact of Social Media in Banking Sector under Triangular
Neutrosophic Arena Using MCGDM Technique



Neutrosophic Sets and Systems, Vol. 35, 2020 174

[22] Frederic Marimon, L. H. (2012). Impact of e-Quality and service recovery on loyalty: A study of e-banking
in Spain. Total Quality Management and Business Excellence .

[23] Chung Tin Fah, M. A. (2012). Money Supply, Interest Rate, Liquidity and Share Prices: A Test of Their
Linkage. Global Finance Journal .

[24] Rahimi, R., & Me, K. (2016). Impact of Customer Relationship Management on Customer Satisfaction: The
Case of a Budget Hotel Chain. Journal of Travel & Tourism Marketing .

[25] Chinedu-Okeke, C. F., & Obi, 1. (2016). Social Media As A Political Platform In Nigeria: A Focus On
Electorates In South-Eastern Nigeria. IOSR Journal of Humanities And Social Science .

[26] Emel Kursunluoglu, I. (2015). A Review of Service and E-Service Quality Measurements: Previous
Literature and Extension. Journal of Economic and Social Studies .

[27] Ajimon George, G. G. (2013). Antecedents of Customer Satisfaction in Internet Banking: Technology
acceptance Model Redefined. Global Business Review .

[28] Norman Gwangwava, M. M. (2014). E- Manufacturing and E-Servise Strategies in contemporary organizations.
Hershey-USA: IGI Global.

[29] L.A, Z. (1965). Fuzzy sets. Information and Control , 8(5):338- 353 .

[30] A.Chakraborty, S.P Mondal, A.Ahmadian, N.Senu, D.Dey, S.Alam, S.Salahshour; (2019); The Pentagonal
Fuzzy Number: Its Different Representations, Properties, Ranking, Defuzzification and Application in Game
Problem, Symmetry, Vol-11(2), 248; doi: 10.3390/sym11020248.

[31] A.Chakraborty, S. Maity, S.Jain, S.P Mondal, S.Alam; (2020); Hexagonal Fuzzy Number and its Distinctive
Representation, Ranking, Defuzzification Technique and Application in Production Inventory Management
Problem, Granular Computing, Springer, DOI: 10.1007/s41066-020-00212-8.

[32] S.Maity, A.Chakraborty, S.K De, S.P.Mondal, S.Alam; (2019); A comprehensive study of a backlogging
EOQ model with nonlinear  heptagonal dense  fuzzy  environmentRairo  Operations
Research; DOI: 10.1051/r0/2018114.

[33] A.Chakraborty, S.P Mondal, A.Ahmadian, N.Senu,S.Alam and S.Salahshour; (2018); Different Forms of
Triangular Neutrosophic Numbers, De-Neutrosophication Techniques, and their Applications,
Symmetry, Vol-10, 327.

[34] A. Chakraborty, S. P Mondal, S.Alam, A. Mahata; (2019); Different Linear and Non-linear Form of
Trapezoidal Neutrosophic Numbers, De-Neutrosophication Techniques and its Application in Time-Cost
Optimization Technique, Sequencing Problem; Rairo Operations Research, doi: 10.1051/r0/2019090.

[35] A. Chakraborty, S. Broumi, P.K Singh;(2019); Some properties of Pentagonal Neutrosophic Numbers and its
Applications in