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1. INTRODUCTION:
1.1 Overview of Textile Industry and Supplier Selection Problem:

In today’s highly competitive global market, supply chain management has emerged out as a
major decisive process of efficiently organizing all the activities from the placement of customers’
orders to the timely and cost-effective delivery of the end products. It emphasizes on seamless
integration of suppliers, producers, distributors, retailers and customers for achieving their goals
through transformation of raw materials into quality products (Tayyab & Sarkar, 2021). The basic
objective of supply chain management is focused on producing the right product for the right
customer in the right amount and at the right time. Supplier evaluation and selection appears to be one
of the key determinants for the success of supply chain, influencing the long-term commitment and
performance of any manufacturing organization. Suppliers have varying strengths and weaknesses
which require careful appraisal before they are ranked based on some specified evaluation criteria.
Supplier selection thus deals with short-listing a set of competent suppliers having the highest
potential to consistently fulfil the manufacturing organization’s needs with an acceptable overall
performance. An efficient supplier selection process reduces purchasing risks, ensures uninterrupted
production, maximizes overall value for the buyers, develops proximity and long-term relationships
between buyers and suppliers, and maximizes benefits by improving the organization’s performance.
An improper supplier selection decision may have severe detrimental effects, like shortage of raw
material inventory, undue interruption in the production process etc. (Amindoust & Saghafinia, 2016;
Acar et al., 2016).

The industry is extremely varied, with hand-spun and hand-woven textiles sectors at one end
of the spectrum, with the capital-intensive sophisticated mills sector on the other end. The
decentralised power looms/ hosiery and knitting sector forms the largest component in the textiles
sector. India’s textiles industry has around 4.5 crore employed workers including 35.22 lakh
handloom workers across the country. Exports of textiles (RMG of all textiles, cotton
yarns/fabs/made-ups/handloom products, man-made yarns/fabs/made-ups, handicrafts excluding
handmade carpets, carpets and jute mfg. including floor coverings) stood at US$ 29.8 billion between
April-December 2021. The Indian textiles market is expected to be worth more than US$ 209 billion
by 2029. India is the world’s largest producer of cotton. Production stood at 360.13 lakh bales for the
crop year October 2021-September 2022. Domestic consumption for the 2021-22 crop year is
estimated to be at 335 lakh bales. Production of fibre in India reached 2.40 MT in FY21 (till January
2021), while that for yarn, the production stood at 4,762 million kgs during same period. India’s home
textile exports grew at a healthy rate of 9% in FY21 despite the pandemic. In the year 2020-21, 1.13
million tonnes of cotton yarn were exported from India. The textiles industry (including dyed and
printed) attracted Foreign Direct Investment (FDI) worth US$ 3.93 billion from April 2000-December
2021.



In November 2021, Federico Salas, the Mexican Ambassador to India, visited the Khadi India
Pavilion at the India International Trade Fair 2021 and suggested that India and Mexico should come
together to promote Khadi globally. Companies in home textile are using technology to optimise the
value chain. For example, in October 2021, Welspun India introduced Wel-Trak 2.0—an upgraded,
patented end-to-end traceability technology—to track textile raw materials throughout the supply
chain. In October 2021, Welspun India collaborated with DuPont Biomaterials to introduce a home
textile range and strengthen the company’s sustainable textiles business. Indian government has
allowed 100% FDI in the sector under the automatic route. The Rs. 10,683 crore (US$ 1.44 billion)
PLI scheme is expected to be a major booster for the textile manufacturers. The scheme proposes to
incentivise MMF (man-made fibre) apparel, MMF fabrics and 10 segments of technical textiles
products. In March 2022, the Bihar government submitted a proposal to the Union Textiles Ministry
to set up a mega hub under the PM Mitra Mega Textile Park. In March 2022, Tamil Nadu Chief
Minister Mr. MK Stalin announced that the State Industries Promotion Corporation of Tamil Nadu
Ltd (SIPCOT) will set up a mega textile park in the Virudhunagar district. Under Union Budget 2022-
23, the total allocation for the textile sector was Rs. 12,382 crore (US$ 1.62 billion). Out of this,
Rs.133.83 crore (US$ 17.5 million) is for Textile Cluster Development Scheme, Rs. 100 crore (US$
13.07 million) for National Technical Textiles Mission, and Rs. 15 crore (US$ 1.96 million) each for
PM Mega Integrated Textile Region and Apparel parks scheme and the Production Linked Incentive
Scheme. For the export of handloom products globally, Handloom Export Promotion Council (HEPC)
is participating in various international fairs/events with handloom exporters/weavers to sell their
handloom products in the international markets under NHDP. The Ministry of Textiles has also been
implementing Handloom Marketing Assistance (HMA), a component of the National Handloom
Development Programme (NHDP), all across India. HMA provides a marketing platform to the
handloom weavers/agencies to sell their products directly to the consumers, and develop and promote
the marketing channel through organizing expos/events in domestic as well as export markets. In
November 2021, Union Minister of Textiles, Commerce and Industry, Consumer Affairs & Food and
Public Distribution, Mr. Piyush Goyal, stated the desire to target a 3-5x time increase in the export of
technical textiles worth US$ 10 billion over the next three years. Union Minister of Textiles,
Commerce and Industry, Consumer Affairs & Food and Public Distribution, Mr. Piyush Goyal
announced a mega handloom cluster in Manipur and a handloom and handicraft village at Moirang in
Bishnupur. The mega cluster will be set up at an estimated cost of Rs. 30 crore (US$ 4.03 million)
under the National Handloom Development Programme (NHDP). In October 2021, Union Minister
for Commerce and Industry, Textiles, Consumer Affairs, Food & Public Distribution, Mr. Piyush
Goyal, announced the creation of 100 textile machinery champions in the country and to promote it in
the global market. Through this, the government aims to make India a global player in textiles
machinery. In October 2021, the Ministry of Textiles approved continuation of the comprehensive

handicrafts cluster development scheme with a total outlay of Rs. 160 crore (US$ 21.39 million).

5



Through this scheme, the government aims to support domestic SMEs and local artisans. In October
2021, the government introduced SAMARTH training at 75 training centers across the country, to
accelerate the scheme’s coverage among artisans. The government allocated funds worth Rs. 17,822
crore (US$ 2.38 billion) between FY16 and FY22 for the ‘Amended Technology Up-gradation Fund
Scheme’ (A-TUFS), to boost the Indian textile industry and enable ease of doing business. Techtextil
India, a trade fair focused on technical textiles, nonwovens and composites was held from 25th to
27th November 2021 in Mumbai. Tamil Nadu government signed up for Techtextil India 2021 to
strengthen indigenous textile production and attract textile investments into the State. The State
government promoted technical textile policies through both physical and virtual segments of the
hybrid fair organised by Messe Frankfurt Trade Fairs India. In August 2021, Minister of State (MoS),
Ministry of Petroleum & Natural Gas and Labour & Employment, Mr. Rameswar Teli launched
ONGC-supported Assam handloom project ‘Ujjwal Abahan’ through the virtual platform. The project
will support and train >100 artisans of Bhatiapar of Sivasagar, Assam in Hathkharga handicraft. In
August 2021, Flipkart and Himachal Pradesh State Handicrafts and Handloom Corporation Ltd.
(HPSHHCL) signed a memorandum of understanding (MoU) to help the state’s master craftsmen,
weavers and artisans showcase their hallmark products on e-commerce platforms. In July 2021, the
government extended the Rebate of State and Central Taxes and Levies (RoSCTL) scheme for exports
of apparel/garments and made ups until March 2021. This will help boost exports and enhance
competitiveness in the labour-intensive textiles sector. To support the handloom weavers/weaver
entrepreneurs, the Weaver MUDRA Scheme was launched to provide margin money assistance at
20% of the loan amount subject to a maximum of Rs. 10,000 (US$ 134.22) per weaver. The loan is
provided at an interest rate of 6% with credit guarantee of three years. Gorakhpur is on track to
become a major garment manufacturing centre, boosting the economy in eastern Uttar Pradesh. The
Gorakhpur Industrial Development Authority (GIDA) will provide four acres of land for construction
of a flattened factory and will enable access to entrepreneurs. In March 2021, The Ministry of Textiles
favoured limited deal for the India-UK free trade agreement that could boost the garments sector.
Effective 1 January 2021, to boost exports, the government has extended the benefit of the Scheme for
Remission of Duties and Taxes on Exported Products (RoDTEP) to all exported goods Defence
Research and Development Organisation (DRDO) is helping the Indian textile industry to produce
yarns and eliminate dependence on import of Chinese and other foreign clothing for military
uniforms. Indian defence sector has expressed support towards the Indian technical textile sector. In
March 2021, while addressing the 9th edition of TECHNOTEX 2021 organized by FICCI, General
Bipin Rawat, Chief of Defence Staff appreciated the innovations in Indian technical textiles and stated
that the armed forces will rather reduce imports and instead procure technical textiles from Indian
industries as a part of the Atmanirbhar Bharat initiative. Under the Scheme for Integrated Textile

Parks (SITP), 59 textile parks were sanctioned, out of which, 22 have been completed.



Sangam India Ltd, one of the foremost producers in PV dyed yarn, cotton and OE yarn and
also ready to stitch fabric, has installed two solar power plants of 5 MW that, on average, helps them
to bring down their carbon footprint by at least 20% per annum. SIL also plans to increase the use of
recycled fibre, leading to lesser consumption of plastic waste by using it as a raw material. India is
working on major initiatives, to boost its technical textile industry. Owing to the pandemic, the
demand for technical textiles in the form of PPE suits and equipment is on rise. The government is
supporting the sector through funding and machinery sponsoring. Top players in the sector are
attaining sustainability in their products by manufacturing textiles that use natural recyclable
materials. (Source: Ministry of Textiles, Indian Textile Journal, Department of Industrial Policy and

Promotion, Press Information Bureau)
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Figure 1.1 Info-graphics of textile industry in India
(Source:https://www.ibef.org/uploads/industry/ Infrographics/small/textiles-and-apparel-infographic-feb-22.jpg)
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Figure 1.2 Textile market size of India
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Figure 1.3 Major textile manufacturing players
(Source:https://static.investindia.gov.in/s3fs-public/styles/clusters_banner/public/2019-11/Textiles Cluster-

Map.png?itok=DTeaowCP)
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Figure 1.4 Textile parks around India
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Figure 1.5 Centre of Excellence for textile industry in India
(Source:https://static.investindia.gov.in/s3fs-public/styles/clusters _banner/public/2019-11/Centre-of-

Excellence.png?itok=ZD4QL X-¢)
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1.2 Need for Selecting Suppliers in a Textile Industry

Like all other manufacturing industries, evaluation and selection of a set of competent
suppliers also plays a key role in timely and cost-effective delivery of raw materials (cotton and other
allied fibers, yarn or fabric), chemicals and dyes, machineries, spare parts and other auxiliary
components/items in a textile industry. Those suppliers should provide the items that are matched to
the textile industry’s needs and requirements. Thus, it has now become critical to clearly identify the
industry’s needs and what it actually wants to procure before selecting a supplier. Selection of
suppliers from a large number of candidate choices having varying potentialities and capabilities is a
complex task due to involvement of several qualitative and quantitative evaluation criteria (Nong &
Ho, 2019). Conflicting nature of the criteria also makes the supplier selection problem more
complicated. A supplier supposed to be the best with respect to a particular criterion may poorly
perform against another criterion. Also with greater economic globalization, increased marketing
competition, diverse client needs, and a changing marketing environment, competition among
businesses are gradually shifting into conflicts across different supply chains rather than between
businesses themselves (Mattsson, 2003; Johnson, 2006). Supplier selection is an important aspect of
supply chain management that should be included in the plan (Huang and Keskar, 2007; Sanayei et
al., 2008; Omurca, 2013). Supplier selection is a typical multi-criteria decision-making (MCDM)
problem in which a series of indices must be considered and information from these indices must be
aggregated in the decision process. MCDM problem is to select a most satisfied alternative from a
finite number of feasible alternatives based on the values of each attribute with respect to every
alternative. Given the complexity and uncertainty of the supplier selection process, decision makers
(DMs) may be unable to express their evaluations in precise numbers, but they may be able to provide
some form of approximation using their knowledge and perception. Selection of suppliers from a
large number of candidate suppliers having varying potentialities and capabilities is a complex task
due to involvement of several qualitative and guantitative evaluation criteria (Nong & Ho, 2019).
Conflicting nature of the criteria also makes the supplier selection problem more complicate. A
supplier supposed to be the best with respect to a particular criterion may poorly perform against
another criterion. The supplier selection problem is having a set of equally compatible suppliers and
conflicting evaluation criteria can be treated as a typical multi-criteria decision making (MCDM)
problem. In this direction, the past researchers have attempted the applications of several MCDM
tools in identifying the most apposite suppliers for textile industries involved on production of
varieties of end products (Yildiz & Yayla, 2015; Manucharyan, 2021). Selecting the right supplier may
seem like an onerous process for your supply chain. Choosing a good supplier is a critical business
decision. If you asked a garment manufacturer 20 years ago how they selected an ingredient supplier,
they would have likely said it was based on price, flavor or the supplier location and preference.
However, as government and industry put a stronger emphasis on environment protection and ethical,

evaluating and selecting the right supplier today has become much more critical and complex.
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Selecting the suppliers who can meet your consumers’ demand for higher-quality products may bring
some initial costs, but it will pay off over time through consistent, high-quality products. However,
the process to find the ideal supplier is often not easy and requires discipline and hard work.

Selecting the right supplier can help you meet the consumer demand for higher-quality
ingredients while also meeting high regulatory standards. When selecting the right supplier,
manufacturers should remember to:

e Include all key internal stakeholders in the process to agree on important criteria that the
supplier should meet.

e Require strong communication between the manufacturer and the supplier. Good
communication might not necessarily confirm a successful relationship, but poor
communication can almost guarantee a failed relationship.

e Perform audits for the selected supplier, and work with them to address any deficiencies. If
the deficiencies are too great, move on to another supplier. Implement adequate monitoring to
drive improvement in supplier performance.

e Assess performance through useful metrics and provide the necessary feedback to the
supplier.

e Establish an effective certification program and utilize it when the supplier has met its
standards.

e Motivate your suppliers to develop strategic partnerships to ensure the greatest opportunity
for success for both parties.

o Invest sufficient time, effort and energy early in the relationship to set up for success.

1.3 Literature Review

Zarbini-Sydani et al. (2011) presented the Mazandaran textile factory, one of Iran's largest
textile industrial units, is being considered for cotton supplier selection issues. The hierarchical fuzzy
TOPSIS model is used to evaluate the effective criteria for ranking the suitable suppliers. According
to the findings, cotton quality is regarded as the most important criterion in evaluating cotton
suppliers. Furthermore, among different provinces, cotton produced in Golestan is regarded as having
the highest quality in the region. Ali-abad cotton factory in Golestan ranked first, which corresponded
to Mazandaran textile factory's quality-oriented strategy. Another important criterion is the supplier's
ability to meet the customers' regular and emergency needs. Furthermore, flexibility, financial
stability and strength, as well as pricing and payment policies, all play important roles in selection of

the suppliers.
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Yayla et al. (2012) studied the fuzzy TOPSIS method, which was one of the multi-criteria
decision making methods, was used to select the most appropriate supplier of garment "X' operating in
Turkey. It was detected through analyses carried out in accordance with the results obtained.

Alehashem et al. (2013) used a questionnaire that was used as an interview to identify and
select the best criteria in supplier selection for a specific textile company (Golnesar Textile
Manufacturing Company), and then the Analytical Hierarchical Process (AHP) was used to choose
the best supplier. Finally, the best supplier for Golnesar textile manufacturing was identified and
chosen.

Mokhtari et al. (2013) used fuzzy Delphi, fuzzy AHP and VIKOR under fuzzy environment
as a decision tool to supplier selection. They developed a model with high reliability for supplier
selection in textile industry. From fuzzy Delphi, they extracted five essential criteria and with fuzzy
AHP, they weighted these criteria and with VIKOR under fuzzy environment and choosed the best
suppliers. They constructed a questionnaire for fuzzy AHP and VIKOR that it's not needed to notice
cost orientation or benefit orientation of criteria. Their finding shows that five criteria; quality,
location, cost, trust and delivery are the most effective criteria in textile supplier selection area.

Hlyal et al. (2015) demonstrates that outsourcers and Moroccan manufacturers prioritise
schedule compliance as well as the competence and versatility of the production system. Other
dimensions, such as quality and human resource development, were included in the formula for
calculating overall performance. That should make the contractor selection process easier and more
objective.

Sasi and Digalwar (2015) created a methodology for evaluating suppliers in the supply chain
cycle that is based on the Technique for Order Preference by Similarity to Ideal Solution method
(TOPSIS). They considered some important criteria that affect the process of supplier selection, such
as product quality, service quality, delivery time, and price. They calculated the weights for each
criterion using the Analytic Hierarchy Process (AHP) and then fed these weights into the TOPSIS
method to rank suppliers.

Kara et al. (2016) developed appropriate solutions for a textile firm that is having difficulty
determining which supplier is the best and establishing criteria to determine the best option among
available alternatives. In that context, the necessary criteria were first defined and classified. Then,
using the ANP, which is one of the multi-criteria decision-making techniques, the selection of
supplier problem was discussed, solution steps were implemented, and the output was evaluated in the
conclusion section.

Shukla (2016) emphasised the significance of the supplier-selection problem and its
relationship to supply-chain strategy and business performance in small and medium-sized enterprises
such as the garment industry. That presented a model based on the analytical hierarchy process (AHP)

that a clothing company can use to select suppliers and develop a supplier relationship management
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strategy. The performance measurement framework was based on quantitative and qualitative
measurements.

Ayvaz and Kusakc1 (2017) applied a trapezoidal type 2 fuzzy multi-criteria decision making
method based on TOPSIS to select a convenient supplier in the presence of ambiguous information.
The proposed method was used in the supplier selection process of a Turkish textile firm.
Furthermore, the same problem was solved using type 1 fuzzy TOPSIS to validate the findings of type
2 fuzzy TOPSIS. A sensitivity analysis was performed to see how the decision changes under various
scenarios. The findings indicated that the presented type 2 fuzzy TOPSIS method was more
appropriate and effective for dealing with supplier selection in an uncertain environment.

Jing (2018) proposed a procedure for the selection and evaluation of suppliers in supply
chain, first, the organization's competitive strategy was defined by analyzing its strengths,
weaknesses, opportunities, and threats (SWOT). Supplier selection criteria and indicators are chosen
based on competitive strategy in order to establish a framework for selecting suppliers. Following
that, potential suppliers were tracked using Data Envelopment Analysis (DEA). Finally, Multi Criteria
Decision Making (MCDM) techniques were used to rank suppliers.

Bakhat and Rajaa (2019) implemented the supplier selection problem in a Turkish Textile
Company. They used the grey analytical hierarchy process G-AHP model for weighting the set of
criteria and the grey weighted aggregated sum product assessment WASPAS-G model for prioritizing
suppliers to implement a novel grey integrated multi-criteria approach for improving the supplier
procedure within Textile Company.

Guarnieria and Trojan (2019) balanced the social, environmental, and economic criteria, as
well as related ethical issues, in the supplier selection process when outsourcing textile industry
activities. The model was divided into three stages: i) criteria definition, in which the Copeland
method is used to aggregate criteria reported in the literature for a group of decision makers
(customers and expert managers); ii) elicitation of decision makers' perceptions about criteria and the
definition of weights for these criteria using the AHP method; and iii) multi-criteria supplier
classification using the ELECTRE-TRI method.

Burney and Ali (2019) employed a fuzzy analytic hierarchy process (F-AHP) approach for
supplier selection in Pakistan's textile industry. Criteria for supplier selection were identified through
an informal interview with the purchase manager of a textile manufacturing company. Price and cost,
quality, services, delivery time, and payment terms were identified and considered as supplier
selection criteria.

Wang et al. (2020) proposed a multi-criteria decision making model (MCDM) for selecting
garment and textile suppliers. The supply chain operations reference model (SCOR) and expert
opinion are used to define all criteria affecting this process in the first stage. The Fuzzy Analytical

Hierarchy Process (FAHP) was used to determine the weight of all potential suppliers, and the
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preference ranking organization method for enrichment of evaluations (PROMETHEE I1) was used to
rank the supplier.

Karami et al. (2020) comprehensively developed quantitative and qualitative decision-making
criteria to enable the logistician to systematically evaluate and select suppliers. Then, to address the
problem of supplier selection and evaluation in the garment industry, a three-step integrated approach
is proposed. The criteria are reduced in the first phase by keeping as much information as possible and
using principal component analysis. The additive model of data envelopment analysis is enhanced by
the resultant principal components in the second phase to determine the efficient suppliers. Finally, in
the third phase, efficient suppliers are ranked using the Vise Kriterijumska Optimizacija
Kompromisno Resenje (VIKOR) method as a compromise ranking approach.

Ersoy and Dogan (2020) studied the performance of 16 common fiber suppliers from five
different companies operating in one of the textile sector's subsector, the blanket sector, was measured
and evaluated using fuzzy analytic hierarchy process (FAHP) and fuzzy data envelopment analysis
(FDEA) methods. Criteria weighted by the FAHP method were chosen as the input and output
variables to be used in FDEA.

Ali et al. (2020) focused on the selection of cotton suppliers using a fuzzy soft computing
approach integrated into an analytical hierarchy process (AHP). Then, to obtain the best solution, they
applied the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS). Mondragon et
al. (2021) looked into the development of a technology and supplier selection approach based on 12
factors influencing manufacturing technology selection in relation to the supply chain. The
methodology used identified two competing lamination technologies with advanced development and
mechanization: i) full lamination/solvent type; and ii) dot lamination/solvent free. This was followed
by the identification of numerous factors influencing manufacturing technology selection in relation
to the supply chain, as well as the application of analytical hierarchy process techniques.

Utama et al. (2021) attempted to integrate the Decision Making Trial and Evaluation
Laboratory (DEMATEL) and the Analytic Network Process (ANP) for textile supplier selection.
DEMATEL was used to assess the relationship between criteria in both methods, which are multi-
criteria decision making (MCDM) tools. ANP was also used to evaluate and weight the importance of
criteria and suppliers.

Sarigcam and Yilmaz (2021) proposed a comprehensive but feasible integrated framework for
supplier selection and overall performance evaluation. The proposed integrated framework tailored
for apparel retailers combines the following current techniques with specific capabilities: data
envelopment analysis (DEA), analytical hierarchy process (AHP), and order preference by similarity
to ideal solution (TOPSIS). DEA was used to evaluate overall performance, while AHP and TOPSIS
were used in tandem to provide the quantitative data required by DEA.

Celik et al. (2021) addressed a GSS problem as a multi-criteria decision process. The best

worst method (BWM) and TODIM (an acronym for interactive and multi-criteria decision-making in
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Portuguese) methods are merged under an improved fuzzy concept of interval type-2 fuzzy sets
(IT2FSs). BWM with interval type-2 fuzzy numbers (IT2F-BWM) is used to determine the evaluation
criteria for green suppliers. An interval type-2 fuzzy TODIM (IT2F-TODIM) is used to select green

suppliers.

1.4 Objective and Scope of the Present Work

In earlier days, evaluation of the suppliers and selection of the best one usually depends on
the opinion on a single decision maker associated with the purchasing department of the organization.
Although it is a simple, straightforward and less computational intensive task, it may include
individual biasness in the decision making process. Nowadays, in order to make this process more
scientific and unbiased, decisions from a group of participating experts (from various departments
having valued experience) are sought. At the later stage of the evaluation process, judgments of the
experts are weighted aggregated to derive a single collective decision. An organization would strive
on both individual and group decision making approaches to be successful in the present-day
competitive market. Keeping in mind the basic objective of supplier selection, this research first
identifies six pivotal criteria, and attempts to express the opinions of experts with respect to the
relative significance of the considered criteria and performance of each supplier against each of the
criteria. The objective and scope of this research work is as follows:

a) Based on six most significant criteria and involving four experts, an attempt is put forward to
integrate interval rough number (IRN) with best worst method (BWM) and evaluation based
on distance from average solution (EDAS) method to solve a supplier selection problem for
an Indian textile industry. The application of IRN helps in expressing opinions of the experts
with respect to relative importance of the considered criteria and performance of the suppliers
against each of the criteria using rough boundary intervals under group decision making
environment. Later, the criteria weights are determined using IRN-BWM and the alternative
suppliers are ranked from the best to the worst employing IRN-EDAS method. The IRN
Dombi weighted geometric averaging (IRNDWGA) operator is employed here to aggregate
opinions of the participating experts. This integrated approach (IRN-BWM-EDAS) appears to
be a useful tool for supplier selection for the considered textile industry engaged in
procurement of raw materials in the form of cotton bales. This cotton mill is located in the
northern part of India and has a production capacity of around 12,000 tonnes of cotton yarn
per year.

b) To examine a novel grey possibility degree technique that is combined with multi-criteria
decision making (MCDM) and applied to a supplier selection problem with uncertainty
information using a MCDM model. The supplier selection problem is a classic MCDM
problem in which data from many indexes must be combined. It is, however, extremely

simple for decision-makers to define information under uncertainty as a grey number rather
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than a specific number. A unique grey MCDM approach is developed by converting a
linguistic scale of grading supplier selection qualities into interval grey values. The steps of
the proposed model are described, as well as a novel grey possibility degree method. Finally,
the proposed method is demonstrated using a numerical example of supplier selection. The
results suggest that the proposed method can handle the challenge of making decisions under
uncertainty. The proposed method is demonstrated using a numerical example of supplier
selection. The findings suggest that the proposed strategy is effective in gathering information
from decision makers in order to select a possible supplier. The method presented in this
research can be utilized to solve uncertainty decision-making issues in which a specific value
of choice information is unavailable but an interval value set can be defined. Naturally, it can
be applied to various MCDM issues. The research is successful in redefining interval grey
number, developing a unique interval grey number based MCDM approach, and presenting
the suggested approach's solution. It is quite helpful in Supplier selection and has surely

improved grey decision-making models.
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2. IRN-BWM-EDAS BASED APPROACH TO SUPPLIER SELECTION:
2.1 IRN

Let us assume a textile supplier selection problem involving k experts specifying their
preferences in the form of a decision matrix X = [Xi¥]m«n Using a scale, where m and n are the numbers
of alternative suppliers and criteria respectively, and x;* represents the preference of k™ expert for i
alternative against j™ criterion. The preference of k™ expert is expressed in the form of RNs as

Xii —(X,J’, Xij ) Thus the initial decision matrix evaluating m alternatives against n criterion by k™

expert (1 <e <Kk) in terms of RNs can be expressed as below:

(oo X)) (X, e+) e (X Xy

Xe: ( 2;’ ) (XZZ’ (X;;’X§; (21)
(ml’ ml) (Xm21 m2 (X;;’Xren;)

There is a set of k classes of expert’s preferences x ={x,, X, ,..., X, } satisfying the condition
X <X, <...<x }. There is also another set of b classes of expert’s preferences X" ={x", X5 ,..., X, }-
Now, an interval can be defined in each class X" =[x, x’]; x- < x”; 1<i<m;x", x’ eR, where

x- andx- represent the lower and upper boundaries of i" class respectively. Suppose that X is a

universe containing all objects and x is an arbitrary object in X. If the lower and upper boundaries are

sequenced as follows: x| < Xy <...,.< X% < X5 <...,<X (L <1, k<m), these sequences can then be
denoted as two sets: a) a set of lower classes x"={x,Xs,..,x}, and a set of upper classes
X =0, %5 ... %’} (x-ext,1<i<l and x” ex”,1<i<k). The lower and upper approximations of x.-

and x;’ can be described as follows (Chattopadhyay et al., 2022; Ghosh et al., 2022).

a) Lower approximation:

Apr(x") = U{XEX /xL(x)SxiL} (2.2)

Apr(x) = Uke X IxY () <x” | 2.3)
b) Upper approximation:

Apr(x) = U ke X IxE(x)=xt | 2.4)

Apr(x) = Ufxe X /XY (x)2x" | 2.5)

Now, the lower and upper limit of x"and x;’ can be defined as below:

a) Lower limit:
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Lim(x) =< 3 Xt < Apr(x) (2.6)
L

b=1 i
Lim(x’) = Nl; S U € Apr(x) @7)
b) Upper limit:
Lim(x) = %Z:_“l XU <Apr(x) (28)
Lmo) = e 5 Ao 9)

where Ni and N_" are the numbers of objects contained in lower approximations of the classes

of objects x-and x’ respectively, and Ny and Ny" are the numbers of objects contained in upper

approximations of the classes of objects x;-and x;’ respectively.

Then, the corresponding IRN can be defined using the following expression (Pamucar et al.,
2017):

IRN (%) =[RN (), RN O ) J= L 06, L), (o), Lo | =[xy, (65 (2.10)

Application of IRNs relieves involvement of the experts while abstracting complex problems,
and qualitatively evaluating them based on knowledge and common sense. Use of additional intervals
minimizes chances of losing information and provides greater scope to the experts to express their
judgements more preciously without making biased decisions. Thus, IRNs can represent both
uncertainty and imprecision in a decision making problem. To illustrate the corresponding numerical
formulations, let us assume a group decision making situation where three experts require to
qualitatively evaluating a specific criterion (attribute) based on a 1-5 scale. Suppose, Expert E; assigns
a score 3-4, Expert E, appraises the importance of that criterion with a score of 4-5 and Expert E;
assigns a value of 4 to that criterion. Thus, two of the experts (E; and E2) are not sure of their
opinions, whereas, the other expert (Es) perfectly judges the importance of the considered criterion.
These experts’ preferences on criterion importance can be represented as: P(E1) = (3, 4), P(E2) = (4, 5)

and P(Es3) = (4, 4). Based on the formulations of IRNs, two classes of objects x;” and x” are formed as:

xi' = (3,4, 4) and x; = (4, 5, 4). These object classes are converted into two rough sequences, (xiL',in')

and (xiL, X ) Thus, for the first class of objects:

x"(3)=3 in’(3)=%(3+4+4)=3.7%x;(3)=(3,3.7), x}’(4)=%(3+4+4)=3.7, X (4)=4-5X(4)=(3.7.4)

Similarly, for the second class of objects:
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X (4)=4, (4):%(4+5+4)=4.3—>xi (4)=(4,4.33), 1 (5)= %(4+5+4)=4.3, X (5)=5—Xx(5)=(4.3,5)

Thus, the RNs expressing judgments of the three experts are converted into the following IRNs:
IRN (E1) = [(3, 3.7), (4, 4.3)], IRN (E2) = [(3.7, 4), (4.3, 5)], IRN (E3) = [(3.7, 4), (4, 4.3)]

2.2 IRN-BWM

The BWM, proposed by Rezaei (2015), is a technique for criteria weight measurement, where
the expert first identifies the best and the worst criteria, and subsequently develops two pair-wise
comparison vectors for the best and the worst criteria. The best criterion is considered to have the
most important role in the decision making process, whereas, the worst criterion has the least
important role. Using a pre-defined scale (e.g. 1-9), the expert evaluates performance of the best
criterion over all other criteria and performance of all other criteria over the worst criterion. These two
pair-wise comparison vectors, i.e. best-to-other (BO) and other-to-worst (OW) are treated as the
inputs to a linear programming model, which is finally solved to determine the optimal criteria
weights. As this method is based on only the best and the worst criteria for pair-wise comparisons, it
requires fewer computational steps, while providing a clear understanding of the evaluation process,
and more consistent and unbiased results.

In this paper, BWM is integrated with IRNs to deal with uncertainty and ambiguity present
while assigning relative importance (weight) to the supplier evaluation criteria in a group decision
making environment. Integration of IRNs with BWM protects quality of the existing data by
realistically describing expert’s preferences with respect to two matrixes, i.e. aggregated BO and OW.
To take advantages of BWM, it has already been combined with different uncertainty theories in the
literature, like fuzzy BWM (Guo & Zhao, 2017), intuitionistic fuzzy multiplicative BWM (Mou et al.,
2016), intuitionistic multiplicative preference BWM (You et al., 2016), intuitionistic preferences
relation BWM (Yang et al., 2016), interval-valued fuzzy-rough BWM (Pamucar et al., 2018) and
rough BWM (Stevi¢ et al., 2017a; Badi & Ballem, 2018). The application of IRN-BWM is illustrated
using the following steps:

Step 1: Define a set of criteria for evaluating the alternative suppliers. Suppose there is a group of e
experts in the decision making process, who defines the set of criteria C = {Cy, Cs,...,Cn}.

Step 2: Define the best (B) and the worst (W) criteria from the set C. The experts arbitrarily choose
the B and W criteria.

Step 3: Define the IRNBO vector in which the experts represent their preferences comparing B
criterion to other criteria in the set C = {C4, C,,...,Cn}. The comparison of criterion B with other

criterion in C is expressed through the advantage of criterion B over criterion j (j = 1,2,...,n), i.e.

a; =(a§§, ag’jU ) (1<e<k). As a result of this comparison, a vector BO(Ag) is obtained, where
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A =(ag;,al); as,, asy;...;ak ast), a% and a Y represent the advantages of criterion B over
criterion j, at; =1and aSy =1.So, for each expert, a BO matrix AL, AZ,...,AS,..., A is formed.

These individual BO matrixes would be utilized to obtain an aggregated IRNBO matrix (in Step 5).
Step 4: Define the IRNOW vector. Each expert compares j" criterion to W criterion, whereby the

advantage of j" criterion over criterion W is represented as aJW (aJW, JW)(1<e<k) Thus, a vector

OW(A;,)is obtained for each expert, where A =(any,any ; aay. a5y &y ), Ay and aly

denote the advantages of j" criterion over criterion W, ath, =1and aj, = 1. Thus, for each expert, a

OW matrix Ay, AZ ..., Al ..., A is framed. Similar to the previous step, the individual OW matrixes

are employed to derive an aggregated IRNOW matrix (in Step 6).
Step 5: Define the aggregated IRNBO matrix of the expert’s opinions. Based on individual expert’s

BO matrix Ag = [aBj,aBJ ]1 two separate matrixes A" and A;®Y are formed in which the expert
decisions are aggregated.

At =lalh a2 als alb . alhi el 6l Al ] 211)
AU =l a2V . 8k ety a2y Al s aly a2y ekl | (212)
where aBJ = aBj,aBJ, aBJ}and aBJ = aBJ ,aBj S aBJ Y} represent advantages of criterion B over
criterion j.

After forming A;™ and A;”" matrixes, each pair of sequences ag; and ag;” is transformed into
the corresponding IRN, using Eq. (2.2-2.10), IRN (a5,)=|(L(a%"), (L@ ")), (L(a%), (L@ *))]
where I__(a “)and L(ae“) represent lower limits, and |__(a; ") and) L(aeL”)denote upper limits of
IRN(agj) respectively. So for each sequence IRN(agj), the corresponding BO matrixes

ALALLLASLLAS (1<e<k)are formed. Now, by applying the IRNDWGA operator, the average

IRN sequences are obtained (Yazdani et al., 2020). The aggregated IRNBO matrix is expressed in Eq.
(2.13):

Ay =[IRN (&,,), IRN (a,),-.., IRN (&, .., (2.13)

Where IRN(ag;)= ([aBJ ,aBJ 1[a§,+,agj+]) presents average IRNs obtained using the following

equation:
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Step 6: Define the aggregated IRNOW matrix of the expert’s opinions. Similar to step (5), two

*eL

separate matrixes A" and AV are formed on the basis of individual expert’s OW matrixes

A = [ajW’ jw

m[awawawawawawawawawL (215)
m[awawawawawawawawawL 2.16)
where af, ={aiy, a4y ... aqy rand aly ={ajy,ajy ..., any } denote advantages of criterion j over

criterion W. Each pair of sequences a;’bv and a‘;\',lj is now transformed into
IRN (aj?w):[((l__(aj?bv’), ([(a ) (L@ES) (L(aeL”))l where L(ajy ) and L(a5) signify lower
limits, and L(a ") and L(a ") represent upper limits of IRN (], ), respectively. Thus, for each

IRN (aj?w) sequence, the OW matrixes AL, AZ,.. A5 .. A (1<e<k) are obtained. As in the
previous step, applying IRNDWGA operator, the following aggregated IRNWO matrix is achieved:
Aw =[IRN (&), IRN (@, ),---, IRN (@, ) .., (2.17)
Where IRN(a;, )= ([ajw, ajw HaJL\Aj,‘JUW*]) is the average IRNs derived using IRNDWGA operator.

Now, based on the aggregate values of IRNBO and IRNOW matrixes, a nonlinear model for
calculating optimal values of weight coefficients is formed, as presented in the next step.
Step 7: Calculate the optimal criteria weights. By solving the following set of equations, the IRN

values of criteria weights are derived (Rezaei, 2015).

Min &
Subject to
L- - L+ +
W _ wY _ W e wY L
B+ aBJU+ <& BL+ aBJ_L+ <& 5+ aBJU < ||3__ aB