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Abstract

The electronic payment industry, as one of the essential pillars of digital economy, operates in a dynamic
environment characterized by economic fluctuations, rapid technological developments, operational
disruptions, and growing service expectations. Under such conditions, selecting and continuously
evaluating capable suppliers has become a strategic concern for payment service providers. This study aims
to develop an integrated data-driven framework for evaluating agile and resilient suppliers within the
context of digital transformation. First, the relevant supplier evaluation indicators were identified and
organized into four main dimensions: agility, resilience, digital transformation, and general performance
criteria. The fuzzy best-worst method (FBWM), based on the judgments of 18 experts, was then employed
to determine the relative importance of indicators under uncertainty. The results indicated that fast delivery,
source diversification, safety stock level, and crisis management experience were the most influential
indicators, highlighting the critical roles of agility and resilience in the electronic payment industry. In the
next stage, the weights obtained from FBWM were incorporated into the feature-scoring and selection
process of the CatBoost algorithm. This mechanism allowed expert knowledge to guide the learning process
while preserving the model’s ability to discover nonlinear patterns and interactions from actual supplier
performance data. A case study was conducted in one of Iran’s leading electronic payment companies to
examine the applicability and predictive performance of the proposed framework. The weighted CatBoost
model achieved an MAE of 0.3468, an RMSE of 0.4462, and an R? value of 0.8673. The results
demonstrated that the weighted model outperformed both the unweighted CatBoost model and the other
machine-learning algorithms considered in the comparative analysis. Moreover, comparing the weighted
and unweighted versions of the models confirmed that incorporating FBWM-derived weights provided an
independent contribution to predictive improvement rather than merely reflecting the inherent performance
of CatBoost. The proposed framework integrates expert-based prioritization with data-driven prediction
and offers a reliable decision-support tool for supplier selection, ranking, and continuous monitoring. It can
also assist managers in identifying strategically important supplier capabilities, allocating procurement
resources more effectively, and improving supply continuity in technology-intensive and disruption-prone
business environments.

Keywords: Supplier evaluation; Resilience; Digital transformation; Machine learning; Electronic payment
industry
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Category Indicator Definition Source
) The ability to deliver POS devices within a short time after order
Fast Delivery [1,2]
placement.
Order Volume The capability to increase or<decrease order quantities without 3. 4]
Flexibility causing delays or reducing quality. ’
Responsiveness to Readiness to provide equipment immediately when demand
Agility . 3]
Sudden Demand increases unexpectedly.
Rapid The speed of applying design or configuration changes requested (5]
Customization by the buyer.
Product Redesign | The ability to provide new or improved designs based on buyer [10]
Capability requirements.
) The existence of mechanisms for identifying and mitigating
Risk Management o [1, 14]
supply chain risks.
Source The use of multiple supply sources to reduce dependence on a [15]
Diversification specific supplier.
Resilience
o ) Proven capability in managing disruptions such as sanctions or
Crisis Experience ) [9]
pandemics.
Safety Stock Maintaining buffer inventory to ensure continuity of supply . 11]
Level under crisis conditions. ’

12




Category Indicator Definition Source
System The ability to exchange data between supplier and buyer ]
Connectivity systems.
Process The extent to which digital systems are used in order [12,
Digital Digitalization management and support processes. 13]
Transformation o The ability to provide application programming interfaces (APIs)
API Provision . ) ) ) [4]
for system integration and service delivery.
Hardware The use of advanced technologies, such as NFC and QR, in the ]
Innovation design of POS devices.
) ) The total cost of each device, including purchase, transportation, [14,
Device Price . .
and installation. 12]
Quality and : L . .
» The technical reliability and expected lifetime of POS devices. [16]
Durability
After-Sales Warranty conditions, repair speed, and quality of support
General ) ) [13]
Service services.
) The supplier’s position and reputation in Iran’s payment industry | [16,
Brand Reputation
market. 17]
Branch Feedback from end users and branch staff regarding device (1]
Satisfaction performance.
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Category ) Local Final
Category . Indicator i )
Weight Weight Weight
Fast Delivery 0.2243 0.0653
Order Volume
0.2094 0.0610
Flexibility
» Responsiveness to
Agility 0.2912 0.1994 0.0581
Sudden Demand
Rapid Customization 0.1894 0.0552
Product Redesign
0.1775 0.0517
Capability

Risk Management 0.2420 0.0592
Source Diversification 0.2541 0.0622

Resilience 0.2448
Crisis Experience 0.2511 0.0615
Safety Stock Level 0.2529 0.0619
System Connectivity 0.2556 0.0582
Digital Process Digitalization 0.2444 0.0556

) 0.2277
Transformation API Provision 0.2463 0.0561
Hardware Innovation 0.2537 0.0578
Device Price 0.2175 0.0514

General 0.2363
Quality and Durability 0.2113 0.0499




After-Sales Service 0.1926 0.0455
Brand Reputation 0.1907 0.0451
Branch Satisfaction 0.1878 0.0444
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Source Diversification < 6.393
squared_error = 0.787
samples = 1400
value = 7.08

/

&‘\

API Provision < 7.609 Product Redesign Capability < 4.45
squared_error = 0.729 squared_error = 0.697
samples = 797 samples = 603
value = 6.847 value = 7.387
Device Price < 6.083 Fast Delivery < 8.196 Hardware Innovation < 6.171 Fast Dellvery <7.489
squared_error = 0.68 squared_error = 0.659 squared_error = 0.59 squared_error = 0.653
samples = 463 samples = 334 samples = 206 samples = 397
value = 6.644 value = 7.128 value = 7.031 value = 7.572

RS AT AT RN

squared_error = 0.625 | | squared_error = 0.613 | | squared_error = 0.607 | | squared_error = 0.522
samples = 132 samples = 331 samples = 215 samples = 119
value = 6.241 value = 6.805 value = 6.916 value = 7.511

squared_error = (.598
samples = 110
value = 6.768

squared_error = 0.413

samples = 96
value = 7.333

squared_error = (.552
samples = 209
value = 7.321
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'" k-Nearest Neighbors (KNN)
'® Artificial Neural Networks (ANN)
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Model MAE RMSE R?
CatBoost 0.3468 0.4462 0.8673
SVR 0.3876 0.4963 0.7548
Weighted KNN 0.3792 0.4875 0.7681
ANN 0.3664 0.4736 0.8127
Random Forest 0.3571 0.4618 0.8294
CatBoost 0.3562 0.4499 0.7614
SVR 0.4068 0.5220 0.7190
Unweighted KNN 0.3988 0.5131 0.7372
ANN 0.3815 0.4908 0.7806
Random Forest 0.3745 0.4819 0.7979
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bl (Backup) 540 | 546 | 552 | 558 | 5.64 | 570 | 5.76 | 5.82 | 5.88 | 5.94 | 6.00 | 6.06
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