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Abstract

In recent years, companies have experienced international changes that have occurred as a result of technological
advances, market globalization, or natural disasters. So, organizations are trying to improve their performance in
order to be more competitive. In other words, organizations’ competitiveness highly depends on their suppliers. At
present, companies need to consider and include so-called ‘resilience’, ‘sustainability’, and ‘smartness’ in the
supplier’s selection to retain a competitive advantage. In this context, the purpose of this paper is to present an
intelligent decision-making model for selecting the appropriate suppliers. For doing so, a set of criteria evaluation
was determined to respond to the novel era circumstances. The suggested work is helpful for academics as well as
professionals as it emphasizes the importance of resilient-sustainable supplier selection in the digital era.

Keywords
Supplier Selection, Digital Supply Chain, Resilience, Sustainability, Adaptive Fuzzy Neuro Approach.

1. Introduction

Organizations work in environments of significant uncertainties. This includes unexpected exchange rates,
supply fluctuations, volatile economies, political instability, unpredictable demand, and natural disasters (Cavalcante
et al., 2019; Hosseini et al., 2019; Zekhnini et al. 2020). Epidemic outbreaks are a particular example of supply
chain threats that are distinctively characterized by a long-term existence of disruption, propagation of disruption
(i.e. ripple effect), and high uncertainty (lvanov, 2020a). Coronavirus (COVID-19) outbreak is an unusual and out-
of-ordinary situation that clearly proves a need for enhanced supply chain resilience study and practice (Ivanov and
Dolgui, 2020). For this reason, in recent years, there has been an increasing interest in the selection of robust
suppliers (Cavalcante et al., 2019).

The supplier is a key player in the supply chain management. So, the selection of the appropriate suppliers
is one of the key factors in increasing the organizations’ competitiveness (Yang and Chen, 2006). In other words,
supplier selection is highlighted as a critical and sophisticated decision-making problem in the management of the
supply chain (Chattopadhyay et al., 2016; Yang and Chen, 2006). Because, a suitable supplier will have a significant
and enduring effect on the profitability of the entire supply chain (Cheng et al., 2020). In addition, reliable suppliers
allow supply chains to reduce inventory costs and improve product quality (Yang and Chen, 2006). For this reason,
extensive attention has been paid to the issue of supplier selection in the previous studies (Chattopadhyay et al.,
2016; Hasan et al., 2020; Yang and Chen, 2006).

Over the years, many researchers have focused on suppliers selection by contributing to the development of
the different methods used in this field (Ho et al., 2015). To date, little attention has been given to the suppliers’
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selection for the smart supply chain in a crisis situation. The aim of this study is therefore to fill the literature gap by
introducing new criteria in the selection process in the era of digitalization. Moreover, this study proposes an
architecture system based on the adaptive fuzzy-neuro approach to suppliers selection.

Therefore, it is wide important to study the new criteria related to the digital supply chain implementation
and crisis incidents. These criteria include ‘resilience’, ‘sustainability’ and ‘smartness”. In this context, (Rajesh and
Ravi, 2015) used a grey approach to study the resilient supplier selection. While (Hosseini et al., 2019) discusses
resilient supplier selection and optimal order allocation under disruption risks. On the other hand, (Hasan et al.,
2020; Kellner and Utz, 2019; Moheb-Alizadeh and Handfield, 2019) address the sustainability in supplier selection
and order allocation. In addition, (Tirkolaee et al., 2020) studied sustainable-reliable supplier selection. Hence, to the
best of our knowledge, in the suppliers’ selection issue, there are no academic studies investigating the adaptive
fuzzy-neuro approach in the supplier selection for smart supply chain in crisis situations.

This article is organized as follows: in the following section, we present the literature review. Section 3
illustrates the supplier performance criteria related to digital supply chain in crisis situations. And finally, section 4
presents the proposed decision-making model.

2. Literature Review

The recent emergence and deployment of advanced smart technology (e.g. Internet-of-Things (loT),
Blockchain, Cyber-Physical System (CPS), Big Data Analytics (BDA), Virtual and Augmented Reality (VR & AR)
and Atrtificial Intelligence (Al) techniques), allows all parts of the supply chain to be perceivable, intelligible,
transparent, and optimized and thus promote the transformation of the conventional supply chain into a smart supply
chain (Chen et al., 2020). Digital supply chain challenges the option of suppliers through dynamic order allocations
and offers new possibilities using digital data to enhance procurement decisions (Cavalcante et al., 2019).

The word "supplier" corresponds to all parties directly and indirectly engaged by the manufacturer
(Watrébski, 2019). Supplier selection is an important and intensively researched issue because it has a major impact
on purchasing management in the supply chain (Guo et al., 2009). Suppliers play a vital role in the management of
the supply chain. It focuses on the suppliers’ selection evaluation and ensures a productive relationship between the
various segments of the supply chain (Watrébski, 2019). Therefore, careful selection of the right supplier for the
right mission is essential to performance improvement (Ganesh Pillai and Bindroo, 2020; Stevi¢ et al., 2020).

The topic of partner selection in the supply chain is always a frequent one. Previous studies analyzed and
studied the suppliers’ selection in the digital supply chain. (Hasan et al., 2020) develop a Decision Support System
to incorporate and process an imprecise heterogeneous data in a unified framework to rank a set of resilient suppliers
in the logistic 4.0 environment. (Ghadimi et al., 2019) proposed a Multi-Agent Systems (MASs) approach to address
sustainable supplier evaluation and selection process in order to provide a proper communication channel, structured
information exchange, and visibility among suppliers and manufacturers. In addition, (Chen et al., 2020) present a
novel framework to identify smart-sustainable supply chain management practices as supplier selection criteria for a
smart supply chain. It proposes a hybrid rough-fuzzy DEMATEL-TOPSIS approach to sustainable supplier selection
for a smart supply chain. Moreover, (Cavalcante et al., 2019) develop a hybrid technique, combining simulation and
machine learning and examine its applications to data-driven decision making support in resilient supplier selection.

In addition, the supplier selection topic was analyzed with several methods such as MCDM techniques, MP
models, and Al approaches (Luan et al., 2019). The Al approaches include ANN methods. In other words, the neural
network (NN) was used as a method for the supplier’s selection in different contexts. For instance, (Kuo et al., 2010)
used (NN) combined with MADA methods for green suppliers selection. Moreover, (Azadnia et al., 2012) study
sustainable Supplier Selection Based on Self-organizing Map NN and Multi-Criteria Decision Making approaches.

3. Suppliers Performance Data

In this section, we present the performance criteria required to select the optimal supplier. In fact, these
criteria were chosen considering the three dimensions ‘sustainability’, ‘resilience’, and ‘smartness’ or ‘industry 4.0
technological capabilities’. This choice is made in order to select suppliers that will be able to respond to crisis
situations and also who are aware of the importance and advantages of digitalization.
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3.1. Primary Performance Criteria

Through this study, cost, quality, and on-time delivery are considered to be primary performance criteria
for suppliers selection in a digital supply chain. In fact, suppliers must deliver on time the required amount of high-
quality materials and raw materials (Stevi¢ et al., 2020). In other words, suppliers should have the ability to meet
quality specifications consistently in term of variety, production quality, quality system, and continuous
improvement (Taherdoost and Brard, 2019). In addition, suppliers have also to be able to meet specified delivery
schedules such as lead-time, on-time, transportation, etc (Taherdoost and Brard, 2019).

3.2. Supplier’s Technological Capability

Many organizations in various industries need to upgrade their products using technological advances and
migrate towards a higher degree of digitalization. As a result, many have been forced into partnerships with
uncertainty with suppliers outside their conventional supplier base or with companies on a technically unstable
project (Pazirandeh Arvidsson and Melander, 2020). The concept of Industry 4.0 is that the smart factory provides
all the necessary information on its production and supply requirements. Digital technologies promote adaptive
decision-making by delivering real-time data to all parts of the supply chain (Dubey et al., 2019). Moreover, they
will improve agility, automatic interoperability, performance, or cost savings (Alcacer and Cruz-Machado, 2019).

Profitability, resource efficiency, and responsiveness have been high-level targets in the manufacturing
industry for decades. New market dynamics, therefore, require a higher degree of flexibility and agility in industrial
production (Isaksson et al., 2018). In other words, the keys performance in the digital era are flexibility, reliability,
having high responsiveness, high visibility, and real-time execution (Butner, 2010). Thus, those criteria should be
considered while selecting suppliers.

3.3. Suppliers Resilience

As a result of globalization, supply chains are more threatened with natural, human-made, or technological
threats such as floods, earthquakes, fires, transport accidents, labor strikes, terrorist attacks, and so on. Such
catastrophic events create problems in the supply chain, which are harmful to organizations (Amindoust, 2018).
Hence, it is important to provide a sustainability approach to the supply chain in order to protect the customer from
shortages and disruptions. As the supplier involves the performance of the supply Chain, resilience in the selection
decision must be considered in order to reduce the risk of business (Amindoust, 2018). Because, resilient supplier
selection is a key strategic decision in the context of the supply chain disruption management (Hosseini et al., 2019).

More recent literature identifies ambidextrous companies capable of utilizing existing competencies and
pursuing new possibilities at the same time (Raisch et al., 2009). Ambidexterity is likely to be greatly linked to more
fundamental success measures, including resistance to organizational crisis and corporate reputation. Thus, superior
performance is expected from the ambidextrous organization (Raisch et al., 2009). Moreover, suppliers would be the
least vulnerable to disruptions. They should also be more aware of possible risks and well-established to face them
(Rajesh and Ravi, 2015). Besides, acting collaboratively with suppliers eliminates the risks associated with
forecasting and inventory management (Cousins et al., 2005).

3.4. Supplier's Sustainability

Current disruptions trigger supply chain sustainability. Therefore, it is necessary required to create an
effective and resilient supply chain that would be capable to face any disruption and to provide the same
sustainability in disruptions event (Amindoust, 2018). The sustainability concept has been considered as a
comprehensive concept in the selection of suppliers. Hence, in order to achieve sustainable supply chain
management, it is important to evaluate and select sustainable suppliers.

Sustainability has three dimensions that can be categorized as environmental, economic, and social. Social
factors are focused on human rights, education, training, etc (Tavassoli et al., 2020). Environmental considerations
include compliance with environmental regulations and reducing the use of water and resources. In fact, considering
all dimensions of sustainability requires decision-makers to pursue a wide range of economic, social, and
environmental performance assessment criteria in a single planning horizon (Jain and Singh, 2020).
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Table 1: Suppliers selection criteria

Criterea

Sub-criterea

Source

(Amindoust, 2018; Guneri and Kuzu, 2009; Guo et al.,

Primary performance | Cost 2009)
criterea Quality (Amindoust, 2018; Guneri and Kuzu, 2009)
Delivery (Amindoust, 2018; Tirkolaee et al., 2020)
(Amindoust, 2018; Guneri et al., 2011; Guneri and Kuzu,
Flexibility 2009)
Supplier’s Reliability (Rajesh and Ravi, 2015)
technological Responsiveness | (Amindoust, 2018; Rajesh and Ravi, 2015)
capability Visibility (Dubey et al., 2019; Rajesh and Ravi, 2015)
Real time (Dubey et al., 2019)
Agility (Cavalcante et al., 2019; Dubey et al., 2019)
Ambidextry (Dunlap et al., 2016; Eltantawy, 2016; Raisch et al., 2009)
Vulnerability (Guneri and Kuzu, 2009; Rajesh and Ravi, 2015)

Suppliers resilience

Collaboration

(Rajesh and Ravi, 2015)

Risk awareness

(Guneri and Kuzu, 2009; Rajesh and Ravi, 2015)

Viability

(lvanov, 2020b; Ivanov and Dolgui, 2020)

Supplier's
sustainability

Environmental
competencies

(Amindoust, 2018; Jain and Singh, 2020; Rajesh and Ravi,
2015; Stevi¢ et al., 2020)

Social
competencies

(Amindoust, 2018; Jain and Singh, 2020; Rajesh and Ravi,
2015; Stevi¢ et al., 2020)

Economic
competencies

(Amindoust, 2018; Jain and Singh, 2020; Rajesh and Ravi,
2015; Stevi¢ et al., 2020)

4. Suppliers Decision Making

The proposed decision making architecture for supplier selection is explained in detail in this section. First,
we present the adaptive fuzzy neuro network used to select the appropriate supplier using the criteria performance
determined in the section before. Then we preset the proposed architecture for the supplier decision.

4.1. Adaptive Fuzzy Neuro Network

Artificial neural networks are computer models designed to imitate the function of human pattern
recognition. They have exhibited excellent problem-solving behavior in many areas such as supplier selection (Kuo
et al., 2010). Neural networks is an advanced data modeling method capable of capturing and describing complex
input/output relationships (Golmohammadi et al., 2009). In other words, neural networks are capable of
discriminating important patterns in input information and responding with a suitable output (Jia Ju Wu et al., 2008).

In recent years, the fuzzy-neuro network, incorporating the reasoning power of fuzzy theory and the linking
structure of neural networks, has already become a new research hotspot due to its special advantage. One of the
most widely used techniques is called the Adaptive Neuro fuzzy System that adopts artificial neural network to tune
the the fuzzifier and defuzzifier parameters of the fuzzy system (Rikalovic et al., 2018).
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Figure 1 : Fuzzy neuro network architecture

The adaptive fuzzy-neuro network consists of six layers, as shown in Figure 1 (Rikalovic et al., 2018).

o Layer 1 (Input layer): is the liable layer for taking the imported data. It takes a standard set of criteria (see
Table 1) as data.

e Layer 2 (Fuzzification layer): This layer is responsible for fuzzifiying the inputs based on a set of
membership functions.

o Layer 3 (Rule layer): This layer consists of a set of if-then rules expressed in the Takagi—Sugeno model.
These rules will be defined by experts.

o Layer 4 (Normalized firing strengths layer): This layer is responsible of evaluating every rule.

o Layer 5 (Defuzzification layer): This layer consists of removing fuzziness by applying several methods. So,
the weighted average defuzzification approach will be applied to this layer.

e Layer 6 (Output layer): This final layer computes the final output. In other words, the outputs of the
approach are rounded to the nearest integers to reflect the suppliers' ranking score.

4.2. The Suppliers Decision Making Architecture

The proposed decision-making architecture is based on the adaptive fuzzy neuro network standard. (Figure
2) represents the supplier’s intelligent decision-making architecture including four phases namely the evaluation of
supplier performance data (presented in part 3) and fuzzy rules, the adaptive fuzzy neuro network process (described
in part 4.1), the classification phase and the final decision phase.

Supplier
y performance
data

Adaptive
fuzzy neuro Classification ——#Final decision
network

Experts

Figure 2 : Suppliers decision making architecture
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Figure 2 presents the proposed decision-making architecture. In fact, the architecture of the proposed
decision-making model is based on the fuzzy neuro network. The used data will be collected by reporting or
information systems. This provides a range of details about suppliers: quantitative and qualitative information. In
order to choose the correct supplier, the first step to be taken is to produce a number of options and assess the
evaluation criteria value for each supplier. Therefore, many relevant experts will be asked to evaluate the set of
supplier candidates. Then, the adaptive fuzzy-neuro approach receives a set of supplier criteria (presented in Table
1) and the ranking score for each supplier will be determined. After that, a classification technique will be used, in
order to represent the class of suppliers in ascending order. Finally, the highest-ranking supplier is selected based on
the classification results obtained by the adaptive fuzzy-neuro approach.

Supplier evaluation and selection constitutes a central issue in supply chain management (SCM). We
defined seventeen evaluation criteria considering the three dimensions ‘sustainability’, ‘resilience’, and ‘smartness’
in order to be able to respond to crisis situations. The proposed decision making architecture for supplier selection
was conceptualized to choose the optimal supplier for a digital supply chain. It provides classified suppliers. This
model can be adaptable for many types of changes that can happen in the value chain. In other words, the adaptive
fuzzy-neuro-based system will still work with the same criteria structure when a new supplier comes into
consideration or the organization wants to discontinue its partnership with an existing supplier. Moreover, the
proposed system is able to be tuned if experts decide to incorporate a new criterion. Likewise, if any variables need
to be modified or more rules need to be implemented, the intelligent proposed system can be easily adjusted. Our
model can help to reduce the time required for decision making (investment decision for example).

This study contributes to the proposition of a new proposed decision-making architecture for the smart
selection of suppliers. In other words, a new criterion evaluation of sustainable, resilient, and smart supplier
selection in the context of smart supply chain and crisis situation has been originally explored in this study. The
proposed model can provide a valuable support for managers to select appropriate sustainable, resilient, and smart
suppliers in line with the development requirements of the smart supply chain. This system can help managers faster
to target appropriate suppliers in the preliminary stage of crisis situations.

Conclusion

The adaptive fuzzy-neuro method is more appropriate than other machine learning techniques, such as the
fuzzy interference system, based on a sufficient number of training samples. In fact, the adaptive fuzzy-neuro is
characterized by the self-adjustment of fuzzy interference rules. This adaptive fuzzy-neuro-based approach model
was proposed to choose the optimal supplier in the digital supply chain in crisis situations.

Our study discusses many major points. Firstly, it highlights the necessity of considering ‘resilience’,
‘sustainability’, and ‘smartness’ in supplier selection. Secondly, it proposed a decision-making model based on the
adaptive fuzzy-neuro system. This model can be pursued in further work as a roadmap.

As a practical contribution, this study proposes an architecture of decision method for supplier selection
that will help improve the selection process and choose the appropriate supplier. The purpose of the innovative
human—machine system is to manage classifications under uncertainty. The presented model can be scaled to suit
different new criteria.

This study also presents some limitations. Our decision-making model remains to be discussed and
reinforced in future studies. Besides, due to the various new risks that could arise in the supply chain 4.0, it is
desirable to review the criteria proposed as input of the model so far and consider introducing additional criteria.
Also, in the future, measures need to be further developed. Therefore, we will apply the proposed model in an
industrial real-case implementation such as an automotive digital supply chain.
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