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Abstract

Inventory management in the automotive industry has strategic
importance due to the high wvariety of parts, the strong
interdependence of production processes, and the high sensitivity to
production line downtime. The traditional ABC classification, as
one of the common inventory management tools, only considers the
annual consumption value and is unable to realistically reflect the
complexities, risks, and uncertainties in the supply chain. Therefore,
the main objective of this research is to develop an intuitionistic
fuzzy MADM framework to improve the classification of inventory
items in the automotive industry. In this study a hybrid approach of
ABC inventory classification and intuitionistic fuzzy MADM has
been developed. Initially, the criteria of inventory classification
have been determined by literature review and consulting experts,
and then the criteria weights have been determined by intuitionistic
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fuzzy DEMATEL. Then inventory item ranking has been done by
intuitionistic fuzzy EDAS. Finally, using the scores obtained from
IF-EDAS, the inventory items have been assigned to classes A, B
and C. The results show that the criteria of inventory classification
are: item value, demand, lead time, shortage impact, supply risk,
functional importance, part feeding method and inventory security
sensitivity. The most important criteria are lead time, supply risk and
inventory security sensitivity. Also the most important and sensitive
inventory items are items related to the suspension, steering, and
braking systems, engine and power transmission parts and electrical
and electronic parts.

Keywords: ABC classification, Inventory management, intuitionistic
fuzzy, DEMATEL, EDAS

Introduction

Inventory management is a key factor in optimizing the performance of
the entire supply chain. Inventory classification constitutes a critical
managerial instrument, enabling the categorization of inventory items
according to their relative significance and value within the production
process, thereby facilitating optimal resource allocation. The ABC
classification method is a widely adopted approach in inventory
management that seeks to reduce complexity by partitioning inventory
items into three categories A, B, and C based on their relative
importance. However, the conventional single-criterion ABC
classification exhibits conceptual and operational limitations, as it relies
exclusively on the monetary value of inventory items. To address this
shortcoming, researchers have sought to extend the ABC framework by
incorporating MCDM approaches. This extension integrates additional
criteria such as supply lead time, holding cost, and part criticality into
the classification process.

A comparison of the models employed in the inventory control
literature with the requirements of the Iranian automotive industry
reveals a notable discrepancy. The majority of prior research has
assumed stable supply environments with unrestricted access to
standard parts or has operated under assumptions of certainty and
information uniformity. The Iranian context, however, is characterized
by severe currency constraints, trade sanctions, and pronounced supply
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volatility. Consequently, a significant gap persists in the extant
literature owing to the absence of a model capable of quantitatively
accounting for both uncertainty and context-specific indicators in
inventory classification. This gap underscores the need for research that
not only advances the theoretical framework but also demonstrates
applicability in operationally challenging environments such as the
automotive industry.

The novelty of this research is articulated along three dimensions. First,
inventory classification criteria were derived through a systematic
literature review and expert consultations, yielding four previously
unreported classification criteria. Second, criterion weights were
determined with explicit consideration of their mutual influences.
Third, the proposed method was developed with deliberate attention to
the specific conditions of the Iranian automotive supply chain,
including the constraints associated with parts procurement within this
chain. This approach provides a realistic basis for inventory
classification in the automotive sector by accounting for prevailing
uncertainties. The overarching objective of this study is to develop an
applied model for inventory management in an automotive company,
employing intuitionistic fuzzy logic and multi-criteria decision-making
techniques.

Research background

The automotive industry represents one of the most complex and
consequential industries, continually subjected to pressures arising
from intense global competition, rapid technological advancement, and
the imperative to optimize production processes. This sector demands
efficient management strategies across multiple domains, including
inventory management and parts procurement. A central challenge
within the industry is the effective management of inventories, which
bears directly on costs, production lead times, and the quality of
finished products. Inventory management plays a pivotal role in
optimizing supply chain performance. In this context, inventory
classification constitutes a critical managerial instrument that enables
the categorization of inventory items according to their relative
significance and value within the production process, thereby
facilitating optimal resource allocation.

Inventory classification methods and MCDM techniques provide
decision-makers with a structured basis for resource allocation and
strategy formulation. Uncertainty in inventory control, however, poses
a substantial challenge that directly affects decision-making processes
within supply chain management. Such uncertainty may originate from
multiple sources, including demand variability, lead time fluctuations,
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and market price volatility. Effective inventory control strategies must
therefore explicitly account for these uncertainties to enhance
operational efficiency and minimize costs.

To address decision contexts characterized by ambiguity, uncertainty,
and incomplete information, flexible methodologies such as fuzzy logic
and intuitionistic fuzzy logic have been proposed. These approaches
generally offer improved accuracy and adaptability relative to
conventional methods. In particular, IFL enables the modeling of not
only membership degrees but also non-membership degrees and
hesitancy margins, thereby capturing a richer representation of
informational uncertainty. The integration of intuitionistic fuzzy logic
with MCDM techniques provides both a rigorous mechanism for
decision-making under uncertainty and a systematic framework for
enhancing analytical depth and decision quality in complex
environments. In strategically significant industries such as automotive
manufacturing where both macro-level strategic and operational-level
decisions carry substantial consequences this approach yields enhanced
decision flexibility, risk mitigation, and productivity gains.

Methodology

This study adopts a positivist paradigm, employing quantitative
methods. The research is classified as applied research with respect to
its objective and as quantitative research on the basis of data type. A
descriptive-survey approach with a cross-sectional design was
employed for data collection. In accordance with the study's objective,
the proposed methodology comprises three principal steps: (V)
identification of inventory classification indicators, (Y) determination
of indicator weights using the intuitionistic fuzzy DEMATEL method,
and (Y) execution of ABC inventory classification via the intuitionistic
fuzzy EDAS method. To identify the inventory classification indicators,
the most widely used indicators in ABC classification were first
extracted through a systematic literature review. Subsequently, semi-
structured interviews were conducted with experts in supply chain
management, warehousing, logistics, production engineering, and
production planning to ensure the compatibility of the indicators with
the automotive industry and to elicit industry-specific indicators from
the experts’ perspective. The number of expert interviews was
determined in accordance with the theoretical saturation principle. A
total of VY experts were interviewed. Upon finalization of the inventory
classification indicators, the indicator weights were determined using
the IF-DEMATEL method. Finally, the IF-EDAS method was applied
to classify inventory items. To validate the proposed method, the
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classification results obtained from the proposed approach were
compared with those derived from the classical ABC method.

Discussion and Results
To establish the inventory classification criteria, a systematic literature
review was conducted to identify articles addressing ABC inventory

classification with MADM techniques, yielding a final sample of 00
articles. On the basis of this review, the most frequently cited inventory
classification indicators were identified as part value, consumption rate,
part supply time and shortage impact. As a complementary step, the
indicators of functional importance, supply risk, part supply method
and inventory security sensitivity were elicited through analysis of
expert interviews. Notably, the indicators derived from the literature
were subsequently validated by automotive industry experts. According
to the results of the intuitionistic fuzzy DEMATEL method, part supply
time, supply risk and inventory security sensitivity received the highest
weights in the classification of automotive parts inventory. Finally,
ABC classification was applied to categorize inventory items according
to their relative importance and management priority. The assignment
of items to categories A, B, or C was determined using the intuitionistic
fuzzy EDAS technique in conjunction with the cumulative percentage
of score share method.

Conclusion

A comparison of the results obtained from the traditional ABC
classification with those derived from hybrid approach of intuitionistic
fuzzy MADM demonstrates that the proposed approach yields a more
comprehensive and accurate classification of inventory items. This
advantage arises because the proposed method incorporates multiple
criteria and their respective weights into the classification process while
simultaneously accounting for uncertainty. Consequently, the approach
identifies items of greater operational and managerial significance and
assigns them to more discriminating categories. In other words, the
proposed method overcomes the principal limitation of the traditional
ABC approach by integrating additional pertinent indicators.
Consequently, ABC inventory classification based on the proposed
method functions as an effective decision-support tool for resource
allocation and for directing managerial attention toward critical and
high-value items. Concentrating managerial effort on category A items
optimizes holding costs, mitigates supply risk, and enhances
operational efficiency. Moreover, proportionate oversight of category
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B items and streamlined monitoring of category C items collectively
contribute to the overall improvement of the parts supply system.
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