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Chapter 1

Crisp Set vs. Fuzzy Set Qualitative Comparative Analysis, Technical Differences, and Much More (/chapter/crisp-set-vs-fuzzy-
set-qualitative-comparative-analysis-technical-differences-and-much-more/299633) (pages 1-28)

Jean Michel Rocchi (Sciences Po Aix, France)

The idea of a mathematical formalization of logic that dates back to antiquity was only formalized in the 19th century by
Charles Boole who proposed a binary...

Chapter 2

A Fuzzy Data Envelopment Analysis-Based Performance Assessment of European Union Countries' Waste Management
Practices (/chapter/a-fuzzy-data-envelopment-analysis-based-performance-assessment-of-european-union-countries-waste-
management-practices/299634) (pages 29-49)

Fatma Giil Altin (Mehmet Akif Ersoy University, Turkey)

Sustainable development is among the emerging priorities in the European Union (EU) in the last decade. Waste
management plays an important role in ensuring...

Chapter 3

Fuzzy Set Qualitative Comparative Analysis: Application of Fuzzy Sets in the Social Sciences (/chapter/fuzzy-set-qualitative-
comparative-analysis/299635) (pages 50-76)

Alicia Feldman (Queensland University of Technology, Australia), Deanna Grant-Smith (Queensland University of Technology,
Australia)

Qualitative comparative analysis allows for the breadth of analysis associated with quantitative data and the depth of case
knowledge provided by qualitative...

Chapter 4

A Hybrid Fuzzy MCDM Approach for Sustainable Health Tourism Sites Evaluation (/chapter/a-hybrid-fuzzy-mcdm-approach-
for-sustainable-health-tourism-sites-evaluation/299636) (pages 77-104)

Mehmet Ali Tag (Department of Industrial Engineering, Turkish-German University, Turkey), Esra Cakir (Department of
Industrial Engineering, Galatasaray University, Turkey)

Health tourism is the set of activities that patients perform to be treated and to feel good. Each health activity should have its
own conditions, and...

Chapter 5
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Hamiden Abd El-Wahed Khalifa (Faculty of Graduate Studies for Statistical Research, Cairo University, Giza, Egypt), Florentin
Smarandache (University of New Mexico, Gallup, USA), Sultan Saleh Alodhaibi (Qassim University, Saudi Arabia), Hamiden
Abd El-Wahed Khalifa (Qassim University, Saudi Arabia)

Scheduling problem is a problem concerned with searching for an optimal or near optimal schedule subject to a number of
constraints. Neuromas approaches have...

Chapter 6

Application of Fractional Calculus on the Crisp and Uncertain Inventory Control Problem (/chapter/application-of-fractional-
calculus-on-the-crisp-and-uncertain-inventory-control-problem/299638) (pages 120-148)

Mostafijur Rahaman (Indian Institute of Engineering Science and Technology, Shibpur, India), Sankar Prasad Mondal
(Maulana Abul Kalam Azad University of Technology, West Bengal, India), Banashree Chatterjee (Dr. B. C. Roy Engineering
College, India), Shariful Alam (Indian Institute of Engineering Science and Technology, Shibpur, India)

This chapter explores the possible application of fractional calculus in the field of operation research, more specifically
inventory control problem. The...

Chapter 7

A Hybrid Multiple-Attribute Decision-Making Model Under Complex Q-Rung Orthopair Fuzzy Hamy Mean Aggregation
Operators (/chapter/a-hybrid-multiple-attribute-decision-making-model-under-complex-g-rung-orthopair-fuzzy-hamy-mean-
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Sumera Naz (Department of Mathematics, Division of Science and Technology, University of Education, Lahore, Pakistan),
Muhammad Akram (Department of Mathematics, University of the Punjab, New Campus, Lahore, Pakistan), Aatifa Saeed
(School of Mathematics, Minhaj University, Lahore, Pakistan)

The concept of complex g-rung orthopair fuzzy sets (Cq-ROFSs) serves as an extension of the current complex orthopair
fuzzy sets, including complex...

Chapter 8

Some New Distance and Similarity Algorithms for Pythagorean Fuzzy Sets With Application in Decision-Making Problems
(/chapter/some-new-distance-and-similarity-algorithms-for-pythagorean-fuzzy-sets-with-application-in-decision-making-
problems/299640) (pages 192-211)

Paul Augustine Ejegwa (University of Agriculture, Makurdi, Nigeria), [doko Charles Onyeke (University of Agriculture, Makurdi,
Nigeria)
This chapter introduces some new distance and similarity measures for PFSs which resolve the inaccuracies observed in the

existing measures. The objectives of...

Chapter 9

Fuzzy Decision Making on the Impacts of Corporate Environmental Responsibility and Citizen Science Approaches Towards
Green Globe (/chapter/fuzzy-decision-making-on-the-impacts-of-corporate-environmental-responsibility-and-citizen-science-
approaches-towards-green-globe/299641) (pages 212-228)

Nivetha Martin (Arul Anandar College, India), S. Jegan Karuppiah (Arul Anandar College, India), Said Broumi (Laboratory of
Information Processing, Faculty of Science Ben M'Sik, University Hassan I, Casablanca, Morocco & Regional Center for the
Professions of Education and Training (CRMEF), Casablanca-Settat, Morocco)

A green environment is one of the sustainability goals, and all nations are striving hard to make the environment free from
pollution. The overwhelming...

Chapter 10

Characterization of Pythagorean Q-Fuzzy Ideal of Near-Ring (/chapter/characterization-of-pythagorean-g-fuzzy-ideal-of-near-
ring/299642) (pages 229-242)

Amal Kumar Adak (Ganesh Dutt College, Lalit Narayan Mithila University, Begusarai, India)

Pythagorean fuzzy sets are an extension of the intuitionistic fuzzy sets, and they also overcome the limitations of the

intuitionistic fuzzy sets. The theory...

Chapter 11
Fuzzy Integral Representation Associated With Spectral Measure (/chapter/fuzzy-integral-representation-associated-with-

spectral-measure/299643) (pages 243-257)

Mathews Mottackal George (Providence College of Engineering, India), Sunny Joseph Kalayathankal (Jyothi Engineering
College, India), Joseph Varghese Kureethara (Christ University, India)

One of the most ubiquitous constructions in functional analysis is the spectral measure. The aim of this chapter is to develop
the possibility to use the...

Chapter 12

Tanimoto Similarity Coefficients Measuring Bipolar g-Rung Picture Fuzzy Information and Their Applications
(/chapter/tanimoto-similarity-coefficients-measuring-bipolar-g-rung-picture-fuzzy-information-and-their-applications/299644)
(pages 258-287)

Hiseyin Kamaci (Yozgat Bozok University, Turkey), Subramanian Petchimuthu (University College of Engineering, Nagercoil,
India)

In this chapter, the concepts of bipolar g-rung picture fuzzy set and bipolar g-rung picture fuzzy number are introduced.
Moreover, the fundamentals of...

Chapter 13

Prediction of Capacity Utilization Rate for Turkey Using Adaptive Neuro-Fuzzy Inference System With Particle Swarm
Optimization and Genetic Algorithm (/chapter/prediction-of-capacity-utilization-rate-for-turkey-using-adaptive-neuro-fuzzy-
inference-system-with-particle-swarm-optimization-and-genetic-algorithm/299645) (pages 288-309)

Didem Guleryuz (Bayburt University, Turkey)

This chapter aims to propose prediction models to estimate Turkey's manufacturing sector's capacity utilization rate between
2008-2019 monthly basis...
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Fuzzy Soft Set and Its Engineering Applications (/chapter/fuzzy-soft-set-and-its-engineering-applications/299646) (pages 310-
323)

K. Bhargavi (Siddaganga Institute of Technology, India)

Uncertainty is the difference between actual information and obtained information which can exists in two different forms: one
is randomness, and another is...

Chapter 15

An Intuitionistic Fuzzy Entropy Measure and Its Application in Multi-Attribute Decision Making With Incomplete Weights
Information (/chapter/an-intuitionistic-fuzzy-entropy-measure-and-its-application-in-multi-attribute-decision-making-with-
incomplete-weights-information/299647) (pages 324-338)

Reeta Bhardwaj (Department of Mathematics, Amity University Haryana, Gurugram, India), Amit Sharma (Department of
Mathematics, Amity University Haryana, Gurugram, India), Naveen Mani (Chandigarh University, Chandigarh, India), Kamal
Kumar (Department of Mathematics, Amity University Haryana, Gurugram, India)

Fuzzy sets, as well as their extension intuitionistic fuzzy sets (IFS), are more effective and appealing tools for expressing
quantitative complexity...

Chapter 16

Evaluation of the Global Competitiveness Index (GCI) by Multi-Criteria Decision-Making Methods Based on Intuitionistic Fuzzy
Sets: Comparative Analysis (/chapter/evaluation-of-the-global-competitiveness-index-gci-by-multi-criteria-decision-making-
methods-based-on-intuitionistic-fuzzy-sets/299648) (pages 339-367)

Nimet Yapici Pehlivan (Selguk University, Turkey), Yasemin Glinter (Selguk University, Turkey)

Fuzzy set theory proposed by Zadeh is introduced to cope with the imprecision and uncertainty. Intuitionistic fuzzy sets (IFS)
introduced by Atanassov are a...

Chapter 17

On Prime Hesitant Fuzzy Ideals in Semigroups (/chapter/on-prime-hesitant-fuzzy-ideals-in-semigroups/299649) (pages 368-
384)

Pairote Yiarayong (Pibulsongkram Rajabhat University, Thailand)

Theory of hesitant fuzzy sets is an important tool in algebraic systems, fuzzy sets theory, partially ordered sets, data mining,
etc. The aim of this chapter...

Chapter 18

An Introduction to Picture Fuzzy Graph and Its Application to Select Best Routes in an Airlines Network (/chapter/an-
introduction-to-picture-fuzzy-graph-and-its-application-to-select-best-routes-in-an-airlines-network/299650) (pages 385-411)

S. Amanathulla (Raghunathpur College, India), Madhumangal Pal (Vidyasagar University, India)

A picture fuzzy set is an extension of intuitionistic fuzzy set. In this set, a new parameter called neutral value of an object is
incorporated. Based on this...

Chapter 19

Separation Axioms and Connectedness on Fuzzy Parameterized Fuzzy Soft Topological Spaces (/chapter/separation-axioms-
and-connectedness-on-fuzzy-parameterized-fuzzy-soft-topological-spaces/299651) (pages 412-427)

Adem Yolcu (Kafkas University, Turkey), Taha Yasin Oztiirk (Kafkas University, Turkey)

The fuzzy parameterized fuzzy soft (FPFS) set structure was defined in 2010 as a different combination of fuzzy sets and soft
sets. In 2016, the topological...

Chapter 20
Probability and Fuzziness: A Case Study (/chapter/probability-and-fuzziness/299652) (pages 428-442)
Mamoni Dhar (Science College, Kokrajhar, India)

From the beginning of the theory of fuzzy sets, it has been a matter of concern for many researchers in the field to find an
appropriate connection between...

Chapter 21

Intuitionistic Fuzzy Sets in Large-Scale Software Requirement Prioritization (/chapter/intuitionistic-fuzzy-sets-in-large-scale-
software-requirement-prioritization/299653) (pages 443-476)

Vassilis C. Gerogiannis (University of Thessaly, Greece), Dimitrios Tzimos (Hellenic Open University, Greece), Le Hoang Son
(Vietnam National University, Vietnam)

Requirements prioritization (RP) is a crucial process which aims to evaluate candidate software requirements to be
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Chapter 22

Comparison of Integrated Multi-Criteria Decision-Making Methods Based on Interval Type-2 Fuzzy Sets: An Application to Life
Quality Evaluation (/chapter/comparison-of-integrated-multi-criteria-decision-making-methods-based-on-interval-type-2-fuzzy-
sets/299654) (pages 477-507)

Aynur Yonar (Selguk University, Turkey), Nimet Yapici Pehlivan (Selguk University, Turkey)

Multi-criteria decision making (MCDM) is a process of evaluating and ranking the various alternatives with respect to the
criteria using subjective judgments...

Chapter 23

Some Results on Weighted Intuitionistic Fuzzy Soft Sets (/chapter/some-results-on-weighted-intuitionistic-fuzzy-soft-
sets/299655) (pages 508-541)

Holyheavy Msirali (Nigerian Army University, Biu, Nigeria), lieoma Abigail Onyeozili (University of Abuja, Nigeria), Ahmed
Yusuf Omeiza (Federal University, Dutsinma, Nigeria)

A weighted intuitionistic fuzzy soft set (WIFSS) is an important generalization of intuitionistic fuzzy soft set (IFSS). In this
research work, the authors...

Chapter 24

A New Neutrosophic Multigranulation Model for Multi-Attribute Group Decision Making (/chapter/a-new-neutrosophic-
multigranulation-model-for-multi-attribute-group-decision-making/299656) (pages 542-557)

Juanjuan Ding (Shanxi University, China), Wenhui Bai (Shanxi University, China), Chao Zhang (Shanxi University, China),
Deyu Li (Shanxi University, China), Said Broumi (Laboratory of Information Processing, Faculty of Science Ben M'Sik,
University Hassan Il, Casablanca, Morocco)

Neutrosophic theories and methods are suitable for handling a variety of uncertain information, especially in complex decision-
making situations. Nowadays...

Chapter 25

Rough Neutrosophic Multisets: Operations Over Rough Neutrosophic Multisets (/chapter/rough-neutrosophic-
multisets/299657) (pages 558-584)

Suriana Alias (Universiti Teknologi MARA, Malaysia), Daud Mohamad (Universiti Teknologi MARA, Malaysia), Adibah Shuib
(Universiti Teknologi MARA, Malaysia)

The effect of uncertainty in information raises human logical thinking due to many variabilities from expert decision making.
The generalization of rough...

Chapter 26

A Novel Neutrosophic Interpretive Structural Modeling Approach: Hierarchical Visual Graphs of Indeterminate Causalities
(/chapter/a-novel-neutrosophic-interpretive-structural-modeling-approach/299658) (pages 585-604)

Saliha Karadayi-Usta (Fenerbahce University, Turkey)

Interpretive structural modeling is of paramount importance in barrier/risk/challenge analysis as a hierarchical visual map by
emphasizing the root cause of...

Chapter 27

The Role of the Paper Packaging Industry in the Circular Economy: The Causal Relationship Analysis via Neutrosophic
Cognitive Maps (/chapter/the-role-of-the-paper-packaging-industry-in-the-circular-economy/299659) (pages 605-618)

Saliha Karadayi-Usta (Fenerbahce University, Turkey)

The circular economy movement has paved the way for the sustainable supply chains with its nature-friendly structure via
recycling and repeated use of...

Chapter 28

An Adaptive eLearning Sequence Based on Neutrosophic Logic (/chapter/an-adaptive-elearning-sequence-based-on-
neutrosophic-logic/299660) (pages 619-638)

Nouran M. Radwan (Sadat Academy for Management Sciences, Egypt), Wael K. Hanna (Sadat Academy for Management
Sciences, Egypt)
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In recent years, e-learning has become a revolutionary competitive method. Adapting the content according to learner
knowledge is a current challenge in...

Chapter 29

Application of Triangular Fuzzy Neutrosophic Number to an Effective Economic Order Quantity Model (/chapter/application-of-
triangular-fuzzy-neutrosophic-number-to-an-effective-economic-order-quantity-model/299661) (pages 639-665)

S. Rajeswari (Queen Mary's College, University of Madras, Chennai, India), Sugapriya C. (Queen Mary's College, University
of Madras, Chennai, India), Nagarajan Deivanayagam Pillai (Hindustan Institute of Technology and Science, India), Said
Broumi (Laboratory of Information Processing, Faculty of Science Ben M'Sik, University Hassan I, Casablanca, Morocco &
Regional Center for the Professions of Education and Training (CRMEF), Casablanca-Settat, Morocco), Florentin
Smarandache (University of New Mexico, USA)

The advance payment of acquiring cost is mostly encouraged by both supplier and retailer in current situations. This chapter
discusses the economic order...

Chapter 30

Improved MABAC Method for Multicriteria Group Decision Making With Trapezoidal Fuzzy Neutrosophic Numbers
(/chapter/improved-mabac-method-for-multicriteria-group-decision-making-with-trapezoidal-fuzzy-neutrosophic-
numbers/299662) (pages 666-691)

Irvanizam Irvanizam (Department of Informatics, Universitas Syiah Kuala, Indonesia), Nawar Nabila Zi (Department of
Informatics, Universitas Syiah Kuala, Indonesia)

Many prestigious researchers have been exploring the issues of imprecision, inconsistency, and uncertain information in
decision making, which are still...

Chapter 31

Neutrosophic TOPSIS Method for Sustainable Supplier Selection in a Discount Market Chain (/chapter/neutrosophic-topsis-
method-for-sustainable-supplier-selection-in-a-discount-market-chain/299663) (pages 692-715)

Nimet Yapici Pehlivan (Selguk University, Turkey), Nese Yalcin (Adana Alparslan Tiirkes Science and Technology University,
Turkey)

Sustainable supplier selection is one of the most important decisions for companies in sustainable supply chain management.
Therefore, sustainable supplier...

Chapter 32

Inverse Single-Valued Neutrosophic Soft Set and Its Application (/chapter/inverse-single-valued-neutrosophic-soft-set-and-its-
application/299664) (pages 716-740)

Somen Debnath (Umakanta Academy, India)

Single-valued neutrosophic set (SVNS) can be viewed as an instance of the neutrosophic set (NS) proposed by Smarandache

in 2005 to solve real decision-making...

Chapter 33

Neutrosophic Fuzzy Soft Matrix Theory and Its Application in Group Decision Making (/chapter/neutrosophic-fuzzy-soft-matrix-
theory-and-its-application-in-group-decision-making/299665) (pages 741-770)
Somen Debnath (Umakanta Academy, India)

In 2020, Sujit et al. introduced the notion of the neutrosophic fuzzy set (NFS) to deal with uncertainty under a fuzzy
environment where the fuzzy membership...

Chapter 34
Quadripartitioned Neutrosophic Soft Graphs (/chapter/quadripartitioned-neutrosophic-soft-graphs/299666) (pages 771-795)

Satham Hussain S. (Jamal Mohamed College, India), Jahir Hussain R. (Jamal Mohamed College, India), Isnaini Rosyida
(Universitas Negeri Semarang, Indonesia), Said Broumi (Laboratory of Information Processing, Faculty of Science Ben M'Sik,
University Hassan Il, Casablanca, Morocco & Regional Center for the Professions of Education and Training (CRMEF),
Casablanca-Settat, Morocco)

The neutrosophic quadripartitioned soft model is a hybrid model by combining neutrosophic soft sets with quadripartitioned
sets. This work concerns with the...

Chapter 35

Priority Weighted Neutrosophic Refined Soft Set: A Multi-Criteria Decision-Making Approach (/chapter/priority-weighted-
neutrosophic-refined-soft-set/299667) (pages 796-832)

C. Antony Crispin Sweety (Department of Mathematics, Avinashilingam Institute for Home Science and Higher Education for
Women, Coimbatore, India), Sumathi I. R. (Department of Mathematics, Amrita School of Engineering, Coimbatore, India),
Aishwaryapriyadharshini G. (Department of Mathematics, Avinashilingam Institute for Home Science and Higher Education for
Women, Coimbatore, India)

This chapter devises a new concept of priority weighted neutrosophic refined soft set (PWNRSS) by combining neutrosophic
refined sets and soft sets...

Chapter 36

Neutrosophic Contra RW-Continuous Functions in Neutrosophic Topological Spaces (/chapter/neutrosophic-contra-rw-
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Abstract

This chapter explores the possible application of fractional calculus in the field of operation research, more specifically inventory control problem. The sense
of memory can be implemented in a dynamical system with the mathematical manipulation through fractional calculus. In this chapter, some recently
published papers on generalized lot-sizing models described by fractional differential equation in crisp as well as uncertain environments are reviewed. The
intuitional applicability, obstacles, and challenges for studying the inventory management problems under fractional differential equation (in Riemann-
Liouville and Caputo approaches) are discussed in this chapter.

Chapter Preview

Top
1. Introduction

The journey of fractional calculus started with the famous conversation between L’'Hospital and Liebnitz. Liebnitz's response to the question of L’'Hospital on
the existence of derivative of
|#.978-1-7998-7979-4.ch006.m01(https:/igiprodst.blob.core.windows.net:443/source-content/9781799879794_266800/978-1-7998-7979-
4.ch006.m01.png?sv=2015-12-11&sr=c&sig=faiGugUUHXIV2g6yhIxd31f2CL0%2F9prBBOMtojinooM%3D&se=2022-04-09T19%3A09%3A23Z&sp=r)

order was “an apparent paradox from which one day useful consequences will be drawn”. The theory of fractional calculus grew very slowly through the last
the centuries. However, the worldwide fervourfor fractional calculus (FC) as well as fractional order system (FOS) has been apparently exponential in the
most recent decades because of its exactness on portraying the dynamical nature associated with different physical procedures as a general rule. As of
late, this idea has been prominently utilized for the demonstrating in the broad area of AppliedMathematics, Physical Science, Technology and Management
replacing the Newtonian calculus (Agila et al., 2016; Agrawal et al., 2004; Kilbas et al., 2006; Machado & Mata, 2015; Miller & Ross, 1993; Podlubny, 1999).
Differential equation is one of the frequently used mathematical tools to describe the variability of a dynamic state over time. If the integer order derivative is
replaced by the fractional counterpart, the differential equation is called the fractional differential equation (FDE). In reality has replaced the differential
equation of integer order proving its smartness for describing dynamical system in a complicated situation. Several Studies and findings (Abbasbandy,
2007; Arikoglu & Ozkol, 2009; Bhrawy et al., 2013; Duan et al., 2013; Hajipour et al., 2019; Mainardi et al., 2007) are carried out to establishing that fact
which ultimately enriched the world of technology and innovation it's applications. The physical meaning of fractional calculus seems to be little abstract.
However, several studies proved the exactness of fractional calculus against the conventional integer order calculus on the fitting of real data from memory
involved systems. Thus, interpretation of memory is regarded as one of the physical meaning of the fractional calculus. The Riemann-Liouville fractional
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integration and derivative and Caputo fractional derivative gained the popularity in this context. Here, in this present article, we fix our focuses on the
exploration of the possible implementation of fractional differential equations on the inventory control problems in both crisp and uncertain environments.
Thus, the literature review in the next section will be limited into some specific keywords, namely theory of fractional differential equations in uncertainty,
crisp fractional inventory models and fuzzy fractional inventory models.

The rest of this article is decorated as the following: Brief literature reviewing about some particular keywords has been carried out in the section 2. Some
basic theory of the fractional calculus is presented in the section 3. The section 4 is involved in the comparison of fractional and integer order system to

describe the inventory models. The section 5 presents the comparisons between Riemann-Liouville and Caputo derivative to describe the inventory models

with different assumptions. Several other obstacles and challenges are described in section 6. Finally, concluding remarks are made in the section 7.
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ABSTRACT

This chapter explores the possible application of fractional calculus in the field of operation research,
more specifically inventory control problem. The sense of memory can be implemented in a dynamical
system with the mathematical manipulation through fractional calculus. In this chapter, some recently
published papers on generalized lot-sizing models described by fractional differential equation in crisp
as well as uncertain environments are reviewed. The intuitional applicability, obstacles, and challenges
Jor studying the inventory management problems under fractional differential equation (in Riemann-
Liouville and Caputo approaches) are discussed in this chapter.
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