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Abstract

sustainability in supply chains. This study evaluates and ranks suppliers
in the Firooz Hygienic Group using a hybrid fuzzy-MCDM approach,
integrating expert judgment and quantitative analysis. Ten supply chain
experts provided input via purposive sampling. A Mamdani fuzzy
inference system modeled LARGS criteria using triangular
membership functions. From 243 initial rules, 42 key rules were
carefully selected, reducing complexity and improving accuracy. Fuzzy
TOPSIS aggregated these rules to rank suppliers: S7 > S5 > S1 > S6 >
S8 >S3>S2 > S4. Suppliers scored highest in agility and sustainability,
but lower in resilience. The model guides managers in improving
LARGS indicators, adapts across different industries, ensures reliable
context-specific decision-making, and contributes significantly to the
literature on hybrid fuzzy-MCDM methods for supplier assessment
under uncertainty.

Introduction

Supplier selection in supply chain management is a critical strategic
decision, as poor choices can lead to higher costs, delivery delays,
inventory shortages, customer dissatisfaction, and reduced profitability.
It is a complex multi-criteria decision-making problem requiring
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careful evaluation of both tangible and intangible supplier performance.
Traditional methods often struggle to handle qualitative criteria,
linguistic data, and uncertain environments effectively. Fuzzy multi-
criteria approaches have been shown to improve supplier selection,
enabling better responsiveness, inventory management, and assessment
of strengths and weaknesses through Lean, Agile, Resilient, and Green
(LARG) paradigms. Combining Fuzzy Inference Systems (FIS) with
fuzzy TOPSIS allows modeling nonlinear relationships, capturing
expert linguistic rules, ranking alternatives under uncertainty, and
reducing ambiguity in weighting criteria. This integration provides
higher accuracy and stability compared to other multi-criteria methods.
Integrating LARG and sustainability paradigms enhances supply chain
performance, facilitates robust decision-making under uncertainty, and
promotes sustainable and competitive supply chains. This framework
supports  systematic, data-driven, and human-centric supplier
evaluation and selection.

Methodology

This study employs a mixed qualitative-quantitative approach with an
inductive perspective, using a survey-based data collection method and
an applied research objective. The sample consisted of 10 supply chain
experts from a healthcare group, selected based on experience,
expertise, and willingness to participate. Expert judgments were
validated through consistency checks (CR = 0.06 < 0.1), and reliability
of the questionnaire was confirmed via Cronbach’s alpha, with values
ranging from 0.84 to 0.91 across LARGS criteria (Lean, Agile,
Resilient, Green, Sustainable).Data analysis was conducted using a
Mamdani Fuzzy Inference System (FIS) integrated with Fuzzy
TOPSIS. Linguistic input variables (“low,” “medium,” “high”) were
converted into triangular fuzzy numbers, and expert knowledge was
used to formulate 42 “if-then” rules. Fuzzy reasoning included
membership evaluation, rule aggregation, and defuzzification via the
centroid method to produce final supplier scores. Fuzzy TOPSIS was
applied to weight the rules and aggregate criteria, and results were
cross-validated with Fuzzy AHP, showing strong correlation (Pearson
= 0.88; Spearman = 0.85; MAE = 0.02).The integrated FIS-FTOPSIS
framework enabled systematic evaluation and ranking of suppliers
based on LARGS criteria, supporting robust, transparent, and multi-
criteria decision-making under uncertainty. This approach ensures
reliable weight determination, reduces ambiguity, and produces a final
supplier ranking that informs strategic supply chain decisions.
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Findings

The evaluation of eight potential suppliers in the healthcare group was
conducted using a Mamdani Fuzzy Inference System (FIS) with
LARGS criteria (Lean, Agile, Resilient, Green, Sustainable) as inputs.
Triangular membership functions were defined for three linguistic
levels (“low,” “medium,” “high™) for inputs and three output levels
(“weak,” “medium,” “strong”), enabling expert-driven scoring.
Initially, 243 fuzzy rules were generated, reduced to 42 key rules
through a simulation-based importance threshold. Fuzzy TOPSIS was
applied to weight the rules, improving objectivity compared to
traditional AHP methods, and ensuring precise ranking of suppliers.
The aggregated fuzzy outputs were defuzzified using the centroid
method, producing final scores for each supplier. Supplier 7 achieved
the highest score (0/552), followed by Supplier 5 (0/52) and Supplier 1
(0/516). Strategic grouping identified key suppliers (7, 5, 1),
developable suppliers (6, 8), minor suppliers (3, 2), and a critical
supplier (4). Model validation through k-fold cross-validation (MAE =
0/021, SD = 0/007) confirmed high stability, reliability, and
generalizability of the proposed fuzzy evaluation framework. Overall,
the integrated FIS-FTOPSIS approach provides an effective,
transparent, and robust method for multi-criteria supplier ranking under
uncertainty.

Discussion and Conclusion

The fuzzy inference results ranked suppliers as 4S < 2S <3S < 8S < 6S
< 1S < 5S < 7S. Suppliers performed strongly in agility and
sustainability, but weaker in resilience, likely reflecting current market
priorities. Even top suppliers showed vulnerabilities in resilience and
flexibility due to limited internal processes, insufficient technology
investment, and dependency on key suppliers. Comparative analysis
with other industries showed similar patterns, e.g., Supplier 7
maintained supply chain stability through agility, while Supplier 8’s
resilience limitations mirrored findings in other sectors. Weaknesses
were linked to high dependency on key suppliers, production
constraints, inventory inflexibility, and logistical delays. Sensitivity
analysis (x10% weight variation) confirmed ranking stability,
indicating model robustness. While focused on the detergent industry,
the model can apply to other sectors with similar supply chain
structures, valid LARGS data, stable decision environments, and
expert-calibrated weights.The proposed LARGS-based framework
aligns with RBV and dynamic capabilities theory, enabling supply
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chains to develop agility, resilience, and sustainability, achieve
competitive advantage, and respond to environmental disruptions. FIS—
FTOPSIS integration supports adaptive learning and decision-making
under uncertainty. Future research could explore interdependencies
among criteria, extend fuzzy, probabilistic, or grey uncertainty

analyses, pilot test in other industries, and validate longitudinally to
strengthen external validity.

Keywords: Supplier Evaluation, Supplier Ranking, Uncertainty, Fuzzy
Inference, Fuzzy TOPSIS, Detergent Industry
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fis = mamfis('Name', 'LeanAgileGreenSustainableResilience') ;
inputNames = {'Lean', 'Agile', 'Green',6 'Sustainable',
'Resilience'};

mfNames = {'Low', 'Medium', 'High'};

mfParams = [1 3 5; 3 5 7; 57 9] ;

for i = l:length (inputNames)

fis = addInput (fis, [1 9] , 'Name', inputNames{i}) ;

for j = 1l:length (mfNames)

fis = addMF (fis, inputNames{i}, 'trimf', mfParams(j,:) ,

'Name', mfNames{j}) ;

end
end
fis = addOutput (fis, [0 1] , 'Name', 'Output') ;
fis = addMF (fis, 'Output', 'trimf', [0 0.5 0.75] , 'Name', 'Low') ;
fis = addMF (fis, 'Output', 'trimf', [0.5 0.75 1] , 'Name', 'Medium')
fis = addMF (fis, 'Output', 'trimf', [0.75 1 1
inputCombinations = combvec(1:3, 1:3, 1:3, 1:
numCombinations = size (inputCombinations, 1);
rng ('shuffle') ; % For randomness
selectedIndices = randperm(numCombinations, 243);
% Add selected rules to the FIS
for i = l:length(selectedIndices)

idx = selectedIndices (1) ;

rule = [inputCombinations(idx, :) 1 1 1] ;

fis = addRule (fis, rule);
end
disp('Original Rules:') ;
showrule (fis)
ruleStrengths = rand(1l, length(fis.Rules)) ;
threshold = 0.5;
filteredRuleIndices = find(ruleStrengths > threshold);
totalRules = 243;
randomOrder = randperm(totalRules);
numToKeep = 42;
rulesToKeep = randomOrder (1:numToKeep) ;
filteredRuleIndices = rulesToKeep;
disp('Filtered Rule Indices:') ;
disp(filteredRuleIndices);
filteredFis = mamfis ('Name',
'FilteredLeanAgileGreenSustainableResilience') ;
for i = 1l:length(fis.Inputs)

filteredFis.Inputs (i) = fis.Inputs(i);
end
filteredFis.Outputs = fis.Outputs;
filteredFis.Rules = fis.Rules(filteredRuleIndices):;
disp('Filtered Rules:') ;
showrule (filteredFis)
writeFIS(filteredFis, 'filtered fis.fis');

successCounts = zeros(l, length(filteredRulelIndices)) ;

] , '"Name', 'High') ;
3, 1:3)';
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