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Abstract. Electronic waste is an emerging cataclysm to the environment in recent times
and the mounting industrial sectors are the constant contributors to it. Escalation of
technology is being hailed but the environment impacts highly intrudes the resilience of
the ecosystem. Refraining from technology is quite not possible in this digital epoch but
reclamation of the milieu has high probability. Decision making on inhibiting electronic
waste demands feasible strategies and it is the most challenging task for the industrial
administrators. This paper proposes the new approach of Pythagorean fuzzy cognitive
maps to find the viable strategies of electronic waste inhibition. The representation of the
elements of the connection matrix as Pythagorean fuzzy sets is a distinctive feature of the
research work. The strategies are subjected to the analysis of the experts to investigate
their interrelational impacts. The resultant of the decision making model based on
Pythagorean fuzzy cognitive maps is the score value of the strategies based on which
they are ranked. This paper also presents the comparative analysis of Pythagorean fuzzy
cognitive maps over fuzzy cognitive maps.

Keywords: Pythagorean Sets, Fuzzy Cognitive Maps, Decision Making, Electronic
Waste.

1 Introduction

In this world of technology, the Electrical and Electronics Engineering industries are
advancing by launching their new and innovative products. Manifold products are designed
with the features of enhanced technology that makes the existing products turn obsolete. New
product promotion is one of the default annual business targets of such kinds of industries and
it is their nature to treat themselves as self-competitors and compete with themselves in terms
of profit maximization. The ameliorating tendency of these industries has resulted in the
generation of electronic waste and now it has become a great menace to environment
sustainability of the nations worldwide. The disposal of electronic waste is nearly around 20 to
30 million tonnes every year universally and in India nearly 5.2 million tonnes is being
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generated annually. Industrial sectors, individual house hold and manufactures are the prime
contributors to electronic waste. Nearly 10 states contribute to 70% and 65 cities contribute to
60% of total waste generated in our country [10]. In addition to it, the import of E waste by
some companies are also propelling environmental catastrophe. If the electronic waste
generation is not monitored and controlled, then India will emerge as one of the leading nation
contributing to the electronic waste generation at global level.

Legislative measures are exclusively put forwarded to regulate and minimize the
generation of electronic waste, but lack of strict enforcement of these laws is a setback [3].
Researchers are investigating on the optimal methods of mitigating waste generation and
treating the waste generated. The electrical components are composed of toxic constituents
such as lead, cadmium, mercury and other substances causing adversity to the mankind and
environment. The electrical and electronic industrial sectors must devise feasible strategies to
decrease waste generation and choose optimal methods of waste treatment. Special focus shall
also be laid on product design, product production. If formulating strategies is a challenging
task for these industries then selection of optimal strategy is yet another perplexing mission.
The industrial sectors shall seek expert’s opinion in framing and customizing the strategies
that could meet the objectives of inhibiting waste generation. Scientific methods shall be used
to make optimal decisions on feasible strategies as it is not possible to evaluate the
effectiveness of all the strategies by implementing but rather it shall be stimulated to find the
effectiveness of these strategies and their inter impacts. Fuzzy Cognitive Maps (FCM) [6] is a
kind of scientific decision making model typically used in optimum decision making. FCM is
a directed graph comprising of vertices and edges that represent the factors which are the
elements of decision making. The strength of the relationship between the edges takes the
values from [-1,1]. If the edge that connects the nodes representing the factors has weight 1, 0
and -1 then the factors has positive influence, no influence and negative influence over one
another respectively. The connection matrix of FCM represents the edge weights between the
factors. The FCM models are extended to intuitionistic and neutrosophic FCM with the
intuitionistic [2,5] and neutrosophic connection matrix [12] respectively. FCM models with
linguistic connection matrix was also developed in which the connection matrix consists of
linguistic variables representing the inter associations between the factors [8]. These linguistic
variables are quantified using fuzzy numbers, intuitionistic and neutrosophic fuzzy numbers.
FCM models have wide spread applications in making decisions on pattern recognition,
modeling of manufacturing systems, evaluating data interchange phenomenon, data mining,
project management, investment analysis [1,4,9]. In this research work as a new initiative is
made in developing Pythagorean FCM model in which the linguistic connection matrix is
quantified using Pythagorean fuzzy sets. Yager [13] introduced Pythagorean fuzzy sets and it
has also varied kind of applications in Multi-criteria decision making. Pythagorean fuzzy sets
are also applied in the decision making methods such as DEMATEL, TOPSIS, VIKOR,
PROMTHEE to make optimal decisions on various business management aspects such as
supply chain management, product production and so on [7]. To the best of our knowledge,
Pythagorean fuzzy sets are not used in FCM models and this paper initiates it. As many
researchers are using Pythagorean fuzzy sets in different decision making techniques and
based on their remarks on the efficiency of Pythagorean fuzzy sets, the authors are motivated
to develop FCM model with Pythagorean fuzzy sets representations. In this paper a decision
making model on determining the optimal strategies of E-waste generation is developed with
the integration of the concepts of Pythagorean fuzzy sets. The scores of each strategy is
determined and based on the score values the strategies are ranked and the optimal strategies
are found.



The paper is organized as follows: section 2 presents the methodology; section 3
presents the application of the proposed model to the decision making scenario; section 4
discusses the results and the last section concludes the work.

2 Methodology

This section comprises of the steps contained in the proposed Pythagorean FCM model.

Stepl. The strategies are formulated considering the nature of the company, principles of
production, legislative demands and other influencing factors. The strategies are taken as the
factors and represented as nodes or vertices of the directed graph.

Step 2. The connection matrix M is formulated using Pythagorean sets. A Pythagorean set P

is of the form {(x,A(x),C(x)):x€X},A(x):X—[0,1],C(x):X—[0,1] , where X is the universal

set , A(x) & C(x) are the membership & non-membership degrees for each x€X satisfying the

condition of (A(x))? +(C(x))*> < 1[13]. The Pythagore)zqa(n )fuzzy sets are the special case of
X

intuitionistic fuzzy sets and it is defuzzified [11] by A(¥) + C(x)

Step 3. Consider an initial vector of the form X = (10000..0) and pass on to M, in this initial
vector the value 1 represents that the first factor is kept in ON position and other factors in
OFF position, threshold the resultant vector by assigning the value 1 to the factor in ON
position and the greatest value, assign the value 0 to the remaining. The new vector is X1

Step 4 : Repeat Step 3 to the vector X1 and continue until two threshold vectors are alike. The
state of attaining two like vectors indicates the presence of limit cycle.

Step 5: Repeat the Step 3 & 4 for other factors. The final vectors attained after each setting are
tabulated (see Table 3.2 ) to determine the final score values of each factors.

Step 6: The optimal factors are determined based on the final score values.

3 Decision Making on the Strategies to Minimize Electronic Waste

This section presents the application of the proposed method in determining the optimal
strategies. The proposed strategies from the outlook of experts are presented as follows,

ES1: Production of Eco - friendly electronic products

ES2: Designing of products embedded with eco-consciousness.

ES3: Selection of suitable electronic waste management method

ES4: Electronic products must possess features of recycling.

ESS5: Product production with strict adherence to environmental regulations

ES6: Periodical review of the electronic waste stock

ES7: Choosing the optimal method of disposal

ES8: Selection of feasible electronic waste treatment methods to mitigate the environmental
effects



ES9: Production of multi-faceted products to fulfill multiple needs
ES10: Innovation in creating secondary products from the generated electronic waste

The connection matrix M representing the linguistic inter impacts of the factors
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Table 3.1. Pythagorean Quantification of Linguistic Variable

The quantified matrix is
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X2*M = (1.45 1.45 2.23

(1000100000) = X3

X3*M = (0.9 1.8 1.68

(1100000101) = X4

X4*M = (2.23 2.23 3.01

(1000110000) = X5

X5*M = (1 1.9 1.78

(1000000100) = X6

X6*M = (0.55 1.45 1.33

(1000111000) = X7

X7*M = (1.55 2.45 2.33

(1000000100) = X8
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X6 = X8 the fixed point is obtained.
By repeating in the same mode, the following resultant vectors are obtained and presented in
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Table 3.2.
Table 3.2. Score values of the Factors
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Ranking of Factors

Fig. 3.1. Ranking of the Factors

4 Discussion

The score values obtained in Table 3.2.are ranked and the factors representing the strategies
that has the maximum values are categorized as the optimal strategies. The factors are ranked
and it is represented in Fig.3.1. The strategies ES5, ES6, ES8,ES7,ES4 are the most optimal
strategies and also they possess the influencing characteristic features. The decision makers
shall consider these optimal strategies in making decisions on inhibiting the electronic waste.
The electrical and electronics industries shall take up feasible measures based on these
strategies to maximize their profit with minimal waste generation rate.

5 Conclusion

In this research work a new kind of FCM decision making model integrated with Pythagorean
fuzzy sets is developed. The efficiency of Pythagorean fuzzy sets in quantifying the linguistic
representation of the expert’s opinion is validated by applying to the decision making scenario
of optimal strategies on inhibiting electronic waste. The proposed model can be extended with
various extended representations of Pythagorean fuzzy sets. This research work has certain
limitations, the comparative analysis with other FCM model are not done, substantiation of
using Pythagorean fuzzy sets of representation is not highly stated.

References

[1] Abdollah Amirkhania., Elpiniki I.Papageorgioub., AkramMohsenia., Mohammad R.Mosavia., A
review of fuzzy cognitive maps in medicine: Taxonomy, methods, and applications’, Computer
Methods and Programs in Biomedicine, Vol.142, pp — 129-145, 2017.

[2] Axelrod, R., Structure of Decision: The Cognitive Maps of Political Elites. Princeton, 1976.

[3] Bhaskar, K., & Turaga, R. M. R.India’s e-waste rules and their impact on e-waste management
practices: A case study. Journal of Industrial Ecology, 22(4), 930-942, 2018.



Chrysostomos ,D.,StyliosPeter P.Groumpos, Application of Fuzzy Cognitive Maps in Large
Manufacturing Systems, IFAC Proceedings Volumes, Vol. 31, pp-521-526, 1998.

Hajek.P., Prochazka,O.,Interval-valued intuitionistic fuzzy cognitive maps for supplier selection,
Intelligent Decision Technologies 2017: Proceedings of the 9th KES International Conference
on Intelligent Decision Technologies (KES-IDT 2017) - Part I, pp. 207-217, 2018.

Kosko, B., Fuzzy Cognitive Maps. Int. J. of Man-Machine Studies, V. 24, 1986, 65-75.

Lazim Abdullah.,Pinxin Goh., Decision making method based on Pythagorean fuzzy sets and its
application to solid waste management, Complex & Intelligent Systems.

Nivetha Martin., Aleeswari.A., Lilly Merline,W., Risk Factors of Lifestyle Diseases — Analysis by
Decagonal Linguistic Neutrosophic Fuzzy Cognitive Map, Materials Today: Proceedings, Vol. 24,
pp-1939-1943, 2020.

Papakostas, G. A. , Boutalis, Y. S., Koulouriotis, D. E. ,Mertzios, B. G., Fuzzy cognitive maps for
pattern recognition applications, International Journal of Pattern Recognition and Artificial
IntelligenceVol. 22, No. 08, pp. 1461-1486, 2008.

Rama Mohana R. Turaga, Kalyan Bhaskar, Satish Sinha, Daniel Hinchliffe, Morton Hemkhaus,
Rachna Arora, Sandip Chatterjee, Deepali Sinha Khetriwal, Verena Radulovic, Pranshu Singhal,
Hitesh Sharma., E-Waste Management in India: Issues and Strategies, Vikalpa: The Journal for
Decision Makers, Vol.44, Issue 3,pp 127-162, 2019.

Solairaju and  Shajahan, Transforming Neutrosophic Fuzzy Set into Fuzzy Set by Imprecision
Method, Journal of Computer and Mathematical Sciences, Vol.9, No.10, pp-1392-1399, 2018.
Vasantha Kandasamy,W. B. ,Florentin Smarandache, Fuzzy Cognitive Maps and Neutrosophic
Cognitive Maps, Xiquan Publishers, Phoenix, 2003.

Yager., "Pythagorean Fuzzy Subsets",In:Proc Joint IFSA World Congress and NAFIPS Annual
Meeting, Edmonton,Canada, pp-57-61, 2013.

Kiran Kumar, T.V.U., Karthik, B., Improving network life time using static cluster routing for
wireless sensor networks, Indian Journal of Science and Technology, 2013, 6(SUPPLS), pp. 4642—
4647

Thamarai, P., Karthik, B., Kumaran, E.B., Optimizing 2:1 MUX for low power design using
adiabatic logic, Middle - East Journal of Scientific Research, 2014, 20(10), pp. 1322-1326



