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Abstract: Nowadays, there are many organizations and institutions have realized the significant effect of the Internet of
Things (1oT). The 10T technologies can enhance the quality of processes and services that make organizations seek to
integrate these technologies to their products especially their smart devices. The 10T can be considered as one of the
most important requirements that influences on detecting the best supplier. Therefore, every organization should take
into account the effect of 10T on detecting the best supplier. So that, there is a need to a framework to help
organizations for detecting the suitable supplier based on the effect of 10T. This work aims to introduce a proposed
framework using trapezoidal neutrosophic numbers to detect the suitable supplier for purchasing smart systems based
on the effect of 10T. The proposed framework consists of six phases. The proposed framework integrates the values and
ambiguities index method with Single Valued Trapezoidal Neutrosophic Numbers (SVTN-numbers) which generalized
fuzzy set and intuitionistic fuzzy to give more accurate results. The proposed framework is applied with a case study and
the results concluded that the proposed framework can handle unclear information which exists in the purchasing
process for detecting the suitable supplier of smart devices based on the effect of 10T. Also, the proposed framework
can handle uncertainty in decision making and link between customers and suppliers which can improve Supply Chain
Management (SCM).

Index Terms: Internet of Things (1oT), Single Valued Trapezoidal Neutrosophic Numbers (SVTN-numbers), Supply
Chain Management (SCM)

1. Introduction

The 10T is not only a network of computers, but it has evolved into a network of device of all type and sizes [2].
The 10T services can help companies to come into direct contact with potential customers and build new relationships
[3]. Companies integrated these technologies in their products to achieve more competitive advantage. According to [11]
“the internet of things consists of things that are connected to the Internet, anytime, anywhere. As [6] pointed out “The
basic idea is that the loT connects objects around us (electronic, electrical, and non-electrical) to provide
communication and services”. The IoTis applied in many applications such as smart cities, education, agriculture, and
industry [1]. The main characteristics of the 10T involve [4]: interconnectivity, things-related services, heterogeneity,
dynamic changes, enormous scale, and safety connectivity. 10T can improve services that make companies need to
embed 10T to their products so that has effect on supplier selection. According to [21] companies can enhance their
work through the use of 1oT. Many companies have observed the significant benefits of using loT technology.
Therefore, 10T has effect on decision making process in various phases of selling and buying [3].

According to [27] loT can be considered a powerful technology for operational efficiency, improved decision-
making processes, overall productivity that can support Supply Chain Management (SCM). As [26] pointed out the
benefits of 10T in SCM include: enhance decision making, improve inventory management, predictive maintenance, and
decreases costs, increasing customer satisfaction, increasing sales, and reducing risks.

Although, there are different types of the same product, loT became one of the most important elements that
distinguish a product from others. So that, there is a need to a framework to recommend customers with the suitable
supplier based on loT. This motivated us to propose a new mathematical model based on the effect of 10T to help
customers to detect the best supplier. Therefore, the proposed framework can be considered as a comprehensive model
that links between customers and suppliers for detecting the best suppliers based on the effect of 10T using trapezoidal
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neutrsophic numbers. Also, the results concluded that the consideration of the 10T for determining the suitable supplier
of smart systems during the purchasing phase of SCM can achieve the benefits of 0T which improve the SCM.

This paper is arranged as the following: the first section gives the introduction; the second section introduces loT
components, characteristics, and application; the third section introduces benefits of 10T in Supply Chain Management
(SCM), the fourth section introduces the concept of neutrsophic; the fifth section describe the proposed framework to
detect the best supplier for building smart systems based on the effect of 10T; the sixth section provides conclusion and
future work; finally gives references.

2. The lot Components, Characteristics, and Application

The concept of 10T has evolved since it was conceived in the late 1990s. According to [16] the IoT enables things or
objects to communicate with each. According to [20] “The expression ‘Internet of Things’ is wider than a single concept or
technology. It is rather a new paradigm that involves a wide set of technologies, applications and visions. As [8] pointed
out “the IoT make use of intelligent interfaces. It can focus on the virtual identity of the smart objects and their capabilities
to interact intelligently with other objects, humans and environments”.

According to [5] there are three l0T layers; the following figure represents the three main loT layers

Hardware Presentation

Middleware

Sensors, Vsualization and
actuatorsand Storage and interpretation
embedded computingtools tools
communication for data analytics
hardware

Fig. 1. The three main loT layers

The infrastructure and technology of 10T involved sensors, processors, cloud computing, and wireless connectivity. As
[8] pointed out IoT involves the following elements that are summarized in figure 2:

Devices

Data

Analysis capture

Protocols

Communications

Fig. 2. The main IoT elements

The application of 10T can enhance many services and improve the quality of life in society. As [15] pointed out the
applications of 10T include:

1. Home automation,
2. Fitness tracking,
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Monitoring,
Environment protection,
Smart cities, and
Industrial
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loT applications can be classified based on the type of network availability, coverage, scale, heterogeneity,
repeatability, user involvement and impact [15]. According to [12] IoT characteristics have effect on its functions. As [3]
pointed out the concept of 10T can enhance many operational processes. As [14] pointed out 10T could improve businesses
processes and proactively provide solutions. As [13] stated 10T can improve service delivery by ensuring timely and
introduce efficient delivery to customers. According to [10, 25] the use of 10T services can be considered as one of the
important elements of service quality. The 10T can be applied in business, transport, home, energy, and other [2].

3. Benefits of 10T in Supply Chain Management (SCM)
Supply Chain Management (SCM) consists of suppliers, factories, distributors and retailers for supporting customer

satisfaction. The SCM aims to have the correct item at the correct time. As [26, 28] pointed out the integration of 10T in
supply chain management leads to many improvements that can be summarized in the following figure:

Interconnected

Intelligent

Automated

Integrated

Innovative

Fig. 3. Improvements in SCM based on loT

According to [27, 29] the 10T can introduce many benefits for SCM as shown in the following figure

Benefits of loT in SCM

| | | | | | | | | | | |
.. . Improve Increasin
Enhance decision Predictive mp g . .
. . Decreases costs inventory customer Reducing risks
making maintenance - .
management satisfaction

Fig. 4. Benefits of 10T in SCM
4. The Concept of Neutrosophic

The concepts of neutrosophic can provide a generalization of fuzzy set and intuitionistic fuzzy set (Smarandache,
2005) and it can handle indeterminate and inconsistent information [18]. Fuzzy set is characterized by its membership
function between zero and one[7]. According to [24] ]the neutrosophicnumbers are best fit in manipulating indeterminacy
and inconsistent data. As [23] pointed, neutrosophic numbers that can support decision making. According to [17] the
weighted value and ambiguity of neutrosophic numbers provides more importance to uncertainty. Deli and Subas [9]
generalized new method based on Single Valued Neutrosophic-numbers and show effective results.

4.1 Single Valued Trapezoidal Neutrosophic Numbers (SVTN-numbers)

SVTN-numbers can manipulate ill-known quantity in data. The SVTN-numbers have beenintroduced in many
applications [22] as medical diagnosis,and fault diagnosis.

Definition 1: Based on [19] the SVTN-numbers a can be represented as: a = ((a, b, ¢, d); wa ,ua ,ya) and its (truth
u, (%), indeterminacyv; (x) and falsity; (x)) membership functions are defined as:
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4.2. The Values and Ambiguities for SVTN —Numbers

Consider a= ((a, b, ¢, d); wa, ua, ya); then the cut sets, ambiguities, and weighted values can be introduced as:
1- a-cut set of the SVTN-number a for truth-membership is represented as:

(wz—a)a+ab (wz—a)d + ac ]

[La (@), Ra (o)==,

Wj3
If f(or) =a, where f(a)€ [0, 1] and is monotonic and non-decreasing of aa € [0,w; ]

_ (a+2b+2c+d) (wy)?

V(@) = = @2 (e 4

_ _ N2
Au(ﬁ) — (d—a+2c 62b)) (wz) (5)

2-  B-cut set of the SVTN-number a for indeterminacy membership is:

[Lﬁ (B)’ Rﬁ (B)] - [(1_B)b +( B_ué)a7 (1-B)c+( B_ué)d]

1-uz 1-uz

If g(B)=1—B, whereg(B) € [0, 1] and g(B)is monotonic and non-increasing of B € [ug, 1], the value and ambiguity
of the SVTN-number a can berepresented as:

_\_ (a+2b+2 c+d) (1-uy)?
Vu(a)_

: (©)

_(d-a+2c-2b) (1-uz)?

: ™)

A, @)
3- v -cutset of the SVTN-number a for falsity-membership is

F_ 5 = (1-y)b+ (y-ya)a (1-y)c+ (y—ya)d
L. R =
[Lam.Ra =~ oy )

Where y € [y;, 1].1f h(y)=1- y, where h(y) € [0, 1] and h(y)is non-increasing of y € [y;, 1], the value and
ambiguity of the SVTrN-numbera are;

__(a+2b+2 c+d) (1-yz)?
Vv, (@)= " ®)

_ _ _v)2
Ax(ﬁ) :(d a+2c-2b) (1-yz) (9)

6

3.2 The Values and Ambiguities Index of the SVTN-numbers
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Consider a = ((a, b, ¢, d); wa, ua, ya) , then the values and ambiguities index method can be adapted and generalized
for [0, 1] as following:

V(@)= S a2 + (1- (@) 2+ (1-W)(17ya) 2] = Vi (@) A+ Vo@ (1- 1) + VA@ (1-2)  (10)
And
A, 1) = EE2H22D) 1o a2+ (1- M)(1—ud) 2+ (1- ) (1—y3) 2] = Ap (@) A+ Av(@) (1- 1) + AM@E)(1-2) (1)

6

Where A E [0, 1] and A is a weight which represents the decision maker's preference information.

A€ [0,.5] shows that the decision maker has pessimistic feeling; A € [.5,1] shows that the decision maker has
optimistic feeling; A =.5 shows that the decision maker is between positive and negative feeling.

Let G =((a, b, ¢, d); wgs ,Ug,Ys), H=((a, b, ¢, d); Wy ,Un,YR) be two SVTN-numbers.

5. The Proposed Framework

The proposed framework consists of six steps as shown in the follows figure:

Step 1: Create a decision table based on the SVTN-
numbers

I

Step 2: Compute the normalized values

Alternatives
"

. *7 Detecting

(Suppliers)
Step 3: Compute the weightvector of alternatives — the best
<7 Supplier

Selection
criteria Step 4: Calculate the comprehensive values

\Z

Step 5: Apply the Values and Ambiguities Index of
the SVTN-numbers

N

Step 6: Rank the alternatives based on the values
index of the SWVTN-number

Fig. 5. The proposed framework

The proposed framework integrates the SVTN-numbers with the Values and Ambiguities Index method. The
proposed framework consists of six steps; the outputs and deliverables of each step represent the inputs for next step as
the follows:

Step 1: Create a decision table based on the SVTN-numbers

Step 2: Compute the normalized values, where R= ((ajy/a", by/a", ci/a” 'dij/a");Wa; ,U & ,Yaij), such that

at+t=max {rij- i€ Irow:j € Icolumns}

Step 3: Compute Uuj-wirij(for i€ 1 s, j €1 coumns ) , Where @ = (®1, ®; ... ®w) be the weight vector of
alternatives
row row row row row
U= Zuij = ((Z awirij,z bwirij,z cwirij,z d w;ry;); Min wyjj, Max ugi, Max ys;5)
i=1 i=1 i=1

i=1 i=1

Step 4: calculate the comprehensive values
This step computes comprehensive values by finding the sum of each column
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Step 5: Apply the Values and Ambiguities Index of the SVTN-numbers

Step 6: Rank the alternatives based on the values index of the SVTN-number

V(S0 =

(a+2b+2c+d)

5.1 The Proposed framework with numerical example

ows” * (1- M(1-ug) >+ (1- M)(1-ys) 7]

An export and import organization wants to buy new smart devices for its employees. This organization need to
choose the suitable supplier of the new smart devices according to three characteristics of 10T as the following

e Response time
e Scalability
e Price

The proposed framework can be applied for the selection process as follows:

Table 1.The linguistic term and corresponding Linguistic values

linguistic term Linguistic values

Very poor ((0.1,0.1,0.1,0.1); 0.5, 0.3,0.3)
Poor ((0.2,0.3,0.4,0.5); 0.6, 0.2, 0.2)
Fairly poor ((0.3,0.4,0.5, 0.6); 0.7,0.1,0.1)
Medium ((0.4,0.5, 0.6, 0.7); 0.8, 0.0, 0.1)
Fairly good ((0.5,0.6,0.7,0.8); 0.7,0.3, 0.3)
Good ((0.7,0.8,0.9, 1.0); 0.8,0.2,0.2)
Very good ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1)

Step 1: Create a decision table based on the SVTN-numbers
Create table such that rows represent decision criteria and columns represent alternatives as the follows:

Table 2. Decision table

Criteria Altl Alt2 Alt3
Response time ((0.2,0.3,0.4, 0.5); 0.6,0.2,0.2) ((0.7,0.8, 0.9, 1.0); 0.8, 0.2, 0.2) ((0.4,0.5, 0.6, 0.7); 0.8, 0.0, 0.1)
Scalability ((0.7,0.8,0.9,1.0); 0.8, 0.2, 0.2) ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1) ((0.3,0.4, 0.5, 0.6); 0.7, 0.1, 0.1)
Price ((0.4,0.5, 0.6, 0.7); 0.8, 0.0, 0.1) ((0.4,0.5,0.6,0.7); 0.8, 0.0, 0.1) ((0.5,0.6,0.7, 0.8); 0.7, 0.3, 0.3)

Step 2: Compute the normalized values
R=((aj/a", byy/a’, cy/a” dij/a’);Ws ,U 5 ,Yaij), such that a+= max {rij. i€ low, j € I cotumns }

Table 3.The normalized values

Criteria Altl Alt2 Alt3
Response time ((0.2,0.3,0.4,0.5); 0.6,0.2,0.2) ((0.7,0.8,0.9, 1.0); 0.8,0.2,0.2) ((0.4,0.5,0.6,0.7); 0.8,0.0,0.1)
Scalability ((0.7,0.8,0.9, 1.0); 0.8, 0.2, 0.2) ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1) ((0.3,0.4,05,0.6); 0.7,0.1, 0.1)
Price ((0.4,0.5, 0.6, 0.7); 0.8,0.0, 0.1) ((0.4, 0.5, 0.6, 0.7); 0.8, 0.0, 0.1) ((0.5, 0.6, 0.7, 0.8); 0.7, 0.3, 0.3)

Step 3: Compute uj-wirij(for i€ 1 ows, j € 1 coumns ) »

row row row

row row

U= Z ui]- = ((Z a wirij,z b wirij,z C (l)irij B Z d wirij); Min Wéi]" Max uéi]-, Max yéi]')
i=1 i=1 i=1 i=1

i=1

o = (01, 07 ... Oy be the weight value of alternatives,

Where oi€[0,1], i € low, and 272V w; =1

Table 4. The weighted values

o = (.35, .40, .25)

Criteria Altl Alt2 Alt3
Response time ((0.07, 0.105, 0.14, 0.175); 0.6, 0.2, 0.2) ((0.245, 0.28, 0.315, .350); 0.8, 0.2, 0.2) ((0.14, 0.175, 0.210, 0.245); 0.8, 0.0, 0.1)
Scalability ((0.28,0.32, 0.36,.40); 0.8,0.2,0.2) ((:40, .40, .40, .40); 0.9, 0.1, 0.1) ((0.12,0.16, 0.2, 0.24); 0.7, 0.1, 0.1)
Price ((0.1,0.125, 0.15, 0.175); 0.8, 0.0, 0.1) ((0.1,0.125, 0.15, 0.175); 0.8, 0.0, 0.1) ((0.125, 0.15, 0.175, 0.2); 0.7, 0.3, 0.3)

Step 4: Calculate the comprehensive values

28
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Table 5.The comprehensive values
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Criteria Altl Alt2 Alt3
Response time. | ((0.07, 0.105, 0.14, 0.175); 0.6, 0.2, 0.2) ((0.245, 0.28, 0.315, .350); 0.8, 0.2, 0.2) ((0.14,0.175, 0.210, 0.245); 0.8, 0.0, 0.1)
Scalability ((0.28, 0.32, 0.36,.40); 0.8, 0.2, 0.2) ((.40, .40, .40, .40); 0.9, 0.1, 0.1) ((0.12, 0.16, 0.2, 0.24); 0.7,0.1,0.1)
Price ((0.1, 0.125, 0.15, 0.175); 0.8, 0.0, 0.1) ((0.1, 0.125, 0.15, 0.175); 0.8, 0.0, 0.1) ((0.125, 0.15, 0.175, 0.2); 0.7, 0.3, 0.3)
The sum of Si= S2= S3=
each column ((0.45, 0.55, 0.65, 0.75); 0.6, 0.2, 0.2) ((0.745, 0.805, 0.865, 0.925); 0.8, 0.2, 0.2) ((0.645, 0.485, 0.585, 0.685); 0.7, 0.3, 0.3)

Step 5: Apply the Values and Ambiguities Index of the SVTN-numbers
The values and ambiguities index method can be adapted and calculated for A[0, 1] as following:

V(S0 =

(a+2b+2c+d)

Table 6.The Values index of the SVTN-numbers V (Sj, A) of the three alternatives

ows” * (1- M)(1-ug) >+ (1- M)(1-ys) 7]

S1V (SL A S2V (S2, 1) SV (S3,%)
Vi, 216 534 283
v, 384 534 283
A 384 534 283
V (S, %) V (SL, %)= V(S2,%) = V(S3,%) =
216)+.284(1- 1) + 384(1- 1) 5340+ 534 (1- 1) + .534(1- 3) 2830+ 283 (1- ) +.283 (1- 1)

Step 6: Rank the alternatives based on the values index of the SVTN-number

Table 7.The ranking results of the three alternatives based on the values index of the SVTN-numbers

A Vst V 2.1 V 3.1 ranking

0 .668 1.068 .566 S$2>51>83
1 7128 1.014 5377 S$2>51>83
4 5472 .8544 4528 S$2>51>S3
6 4368 7476 .3962 S$2>51>83
7 .3516 .6942 .3679 S$2>53>S1
8 .3264 .6408 .3396 §2>53>S1
9 2712 5874 .3113 S$2>53>S1
1 216 534 .283 S$2>53>S1

Fig.6. Te ranking results of the three alternatives based on the values index of the SVTN-numbers

Figure 6 represents the interrelationship between the three alternatives based on the value of A that reflects the
decision maker's subjectivity attitude to the SVTN- numbers.Table (7) gives different values forA as follows:

Forvalues: 0, .1, .4 and .6 where A€ [0, .6], the results show that the rank of the three alternatives is S2>S1>S3 and
the best supplier based on the effect of 10T is thesecond alternative S2. Secondly, for values: .7, .6, .8, .9 and 1 where
A€ [.7, 1], where the decision maker prefers positive feeling the results show that the rank of the three alternatives is
S2>S3>S1, the best supplier based on the effect of 10T is the second alternative S2. The results indicated that the
proposed framework by using trapezoidal neutrosophic numbers can handle unclear and conflicting information which
exist in the purchasing process for detecting the best supplier. Also the proposed framework can introduce a new
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method to detect the best supplier based on the effect of 10T and it can reflect the decision maker's subjectivity attitude
to the SVTN- numbers.
The main findings of the proposed framework can be the summarized as the following:

1- The proposed framework incorporated the 10T characteristics as main factor during purchasing smart systems
that enable the decision makers to determine the suitable supplier and enhance the purchasing process

2- The proposed framework enable the decision maker to express unclear data with the trapezoidal neutrosophic
numbers that involves four dimensions to manipulate the ill known quantities

3-  The proposed framework uses SVTN-numbers that handles uncertainty and gives more accurate results rather
than the traditional methods that applied fuzzy numbers

4- The integration of the 10T technologies can enhance the efficiency of smart devices which make the purchasing
process more effective

5-  The consideration of 10T for determining the suitable supplier of smart systems during the purchasing phase of
SCM can achieve the benefits of 10T to improve supply chain management

6. Conclusion and Future Work

This work intended to introduce a new framework based on SVTN-numbers for detecting and building smart
systems the best supplier based on the effect of I0T. The proposed framework integrates the values and ambiguities
index method with SVTN-numbers which generalized fuzzy set and intuitionistic fuzzy to give more accurate results.
The results concluded that the proposed framework can manipulate unclear and conflicting data which exist in the
purchasing process of selecting the best supplier. Also, the proposed framework can be considered as a comprehensive
framework that links between customers and suppliers to detect the best suppliers based on the effect of 10T which can

improve supply chain management. Moreover, the results represented that the proposed framework introduces a
flexible method that take into account the 10T technologies for determining the suitable supplier of smart systems
during the purchasing phase of SCM to achieve the benefits of IoT for enhancing the SCM. For future work,

SVTN-numbers can be applied widely for more real practical applications with adapting existing ranking methods to
give more efficient results.

References

[1] Abdel-Basset M., Manogaran G., Mohamed M., Rushdy E., (2018) 'Internet of things in smart education environment:
Supportive framework in the decision-making process'. Concurr. Comput. Pract. Exp., e4515. [CrossRef]

[2] Abdel-Basset M., Manogaran G., Mohamed, M. (2018.) ' Internet of Things (I0T) and its impact on supply chain: A framework
for building smart, secure and efficient systems'. Future Gener. Comput. Syst.

[3] Abdel-Basset M., Mohamed M., Chang V., and Smarandache F., (2019)," 10T and Its Impact on the Electronics Market: A
Powerful Decision Support System for Helping Customers in Choosing the Best Product’, Symmetry.

[4] Alka B., Dipti A., and, Alka S., (2018),'Internet of Things: Beginning of New Era for Libraries', Library Philosophy and
Practice (e-journal).

[5] Atzori L., lera A, and Morabito G., (2010) ‘The Internet of Things: A survey', ComputNetw. Vol 54, pp-2787—2805.

[6] Chebudie A, Minerva R, Rotondi D, (2014), 'Towards a definition of the Internet of Things (loT)', IEEE Internet
Initiative/iot.ieee.org

[71 Chen J., and Ye J., (2017), 'Some Single-Valued NeutrosophicDombi Weighted Aggregation Operators for Multiple Attribute
Decision-Making.', Symmetry. MDPI. Vol. 9, No. 6.

[8] Chin J., Callaghan V., and Allouch S., (2019), 'The Internet-of-Things: Reflections on the past, present and future from a user-
centered and smart environment perspective',' Journal of Ambient Intelligence and Smart Environments Vol. 11 pp.45-69, DOI
10.3233/AI1S-180506, 10S Press

[9] Deli I, and Subas Y., (2016), 'A ranking method of single valued neutrosophic numbers and its applications to multi-attribute
decision making problems." Int. J. Mach. Learn. & Cyber.

[10] Desai, K., and Mahalakshmi, S., (2018), 'Tmpressions of service quality dimensions on customer’s intention to use IoT at
Bangalore Electricity Supply Company (BESCOM)., J. Adv. Manag. Res., Vol.6, pp 74-82.

[11] IPSO Alliance 2008, Internet Protocol for Smart Object Alliance, https://www.iotone.com/organization/internet-protocol-ip-for-
smart-object-alliance-ipso-alliance/ 0183, 2008

[12] ITU (2005), United Nation International Telecommunications Union — ITU, The Internet of Things, ITU Strategy and Policy
Unit (SPU), Geneva, Switzerland, November 2005, 2005.

[13] Jie U., Subramanian N., Ning K., and Edwards D., (2015), 'Product delivery service provider selection and customer satisfaction
in the era of internet of things: A Chinese e-retailers’ perspective.', Int. J. Prod. Econ., Vol. 159, pp.104-116.

[14] Nguyen, B., and Simkin, L., (2017), 'The internet of things (1oT) and marketing: The state of play, future trends and the
implications for marketing. J. Mark. Maneg., Vol..33, pp. 1-6. [CrossRef]

[15] Pallavi P. and Sarangi S., (2017), 'Internet of Things: Architectures, Protocols, and Applications', Journal of Electrical and
Computer Engineering, ,

[16] Rellermeyer J., Duller M., Gilmer K., Maragkos D., Papageorgiou D., and Alonso G., (2008), 'The software fabric for the
Internet of things, in: The Internet of Things', Springer, Berlin, Heidelberg, pp. 87-104.

30 Volume 10 (2024), Issue 2


https://www.iotone.com/organization/

New Framework for Detecting the suitable Supplier of Smart Systems Based on the effect of Internet of Things

[17] Samahlbrahim Abdel Aal, Mahmoud M. A. AbdEllatif, Mohamed MonirHassan,"Proposed Model for Evaluating Information
Systems Quality Based on Single Valued Triangular Neutrosophic Numbers", International Journal of Mathematical Sciences
and Computing(1JMSC), Vol .4, No.1, pp.1-14, 2018.DOI: 10.5815/ijmsc.2018.01.01

[18] Smarandache F., (1998), 'Neutrosophy: Neutrosophic Probability, Set, and Logic: Analytic Synthesis & Synthetic Analysis.’
Ameri. Res. Press: Rehoboth. DE. USA.

[19] Subas Y., (2015), 'Neutrosophic numbers and their application to Multi-attribute decision making problems (In Turkish)',
(Master’s Thesis, Kilis 7 Aralik University, Graduate School of Natural and Applied Science),.

[20] UckelmannD., Harrison M., and Michahelles F., (2011) 'Architecting the Internet of Things', Springer-Verlag, Berlin,
Heidelberg, ISBN 978-3-642-19156-5.

[21] Wu, J., Chen, J., and Dou W., (2017), 'The internet of things and interaction style: The e_ect of smart interaction on brand
attachment. J. Mark. Manag., 33, 61-75. [CrossRef]

[22] Ye J., (2013), 'Multi criteria decision-making method using the correlation coefficient under single-value neutrosophic
environment.' Int. J. Gen. Syst, Vol.42, pp.386-394.

[23] Ye, J. (2014), 'A multi criteria decision-making method using aggregation operators for simplified neutrosophic sets', J. Intell.
Fuzz. Syst., Vol. 26, pp. 2459-2466.

[24] Ye J., (2015) ' Trapezoidal neutrosophic set and its application to multiple attribute decision-making.' Neural. Comput&Applic.
Vol 26, pp.1157-1166.

[25] Yerpude S., and Singhal, T., (2018), 'Customer service enhancement through on-road vehicle assistance enabled with internet of
things (1oT) solutions and frameworks: A futuristic perspective', Int. J. Appl. Bus. Econ. Res., 15, 551-565.

[26] Taj S, Imran A. , Kastrati Z. , Daudpota S. , Memon R, and Ahmed J., (2023), 'loT-based supply chain management: A
systematic literature review', Internet of Things journal, 24, www.elsevier.com/locate/iot

[27] AlliouilH, and Mourdi Y, (2023), 'Exploring the Full Potentials of IoT for Better Financial Growth and Stability: A
Comprehensive Survey', Sensors (Basel). 23(19), doi: 10.3390/s23198015

[28] Khan, Y.; Su’ud, M.B.M.; Alam, M.M.; Ahmad, S.F.; Ahmad (Ayassrah), A.Y.A.B.; Khan, N. (2023 ), 'Application of Internet
of Things (10T) in Sustainable Supply Chain Management'. Sustainability, 15, 694. https://doi.org/10.3390/su15010694

[29] Zahra M., GARIP I, Yazen S. Almashhadani, and Bothichandar T., (2023) , 'Internet of Things-Based Smart and Connected
Supply Chain: A Review', International Journal of Antennas and Propagation, https://doi.org/10.1155/2023/9787329

Author’ s Profile

Samah lbrahim Abdel Aal is a lecturer at the information systems department, faculty of Computers and
Informatics, Zagazig University where graduated and is now a Ph.D., Egypt. She is teaching several courses for
information systems management, expert systems, mathematics, cloud computing logic design, programming,

- information systems, database systems, 10T, big data, data security, quality management, Cloud Computing,
i. and information systems analysis and design.

J

How to cite this paper: Samah Ibrahim Abdel Aal, "New Framework for Detecting the suitable Supplier of Smart Systems Based on
the effect of Internet of Things", International Journal of Mathematical Sciences and Computing(IJMSC), Vol.10, No.2, pp. 23-31,
2024. DOI: 10.5815/ijmsc.2024.02.03

Volume 10 (2024), Issue 2 31


http://www.elsevier.com/locate/iot
https://doi.org/10.3390/su15010694

