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Abstract

This study aims to identify the most appropriate clustering scheme and forecasting method for
spare parts used in maintenance operations with heterogeneous demand characteristics. The proposed
methodology first classifies spare parts based on the Average Demand Interval (ADI) and the Squared
Coefficient of Variation (CV2). Four clustering techniques are compared: demand segmentation based
on demand patterns, K-means clustering, hierarchical clustering, and Density-Based Spatial Clustering
of Applications with Noise (DBSCAN). The empirical analysis is conducted using monthly demand data
from 2020 to 2023 (48 months) covering 1,735 spare parts. Demand data from 2020 to 2022 (36 months)
are used as the training set for model development and parameter calibration, while data from 2023
(12 months) are used as the test set to evaluate out-of-sample forecasting performance. For each
cluster, demand is forecast using the Simple Moving Average (SMA), Holt’s exponential smoothing
method, Croston’s method, and the Autoregressive Integrated Moving Average (ARIMA) model. Forecast
accuracy is evaluated using the Symmetric Mean Absolute Percentage Error (sSMAPE). The results
indicate that DBSCAN combined with the ARIMA model provides the lowest sSMAPE values across all
clusters. Specifically, cluster 1, cluster 2, cluster 3, and cluster 4 achieve sMAPE values of 3.019%,
27.03%, 5.37%, and 4.17%, respectively. These findings demonstrate the effectiveness of integrating
clustering and forecasting techniques for spare-parts demand forecasting in maintenance operations.

Keywords: Density-Based Spatial Clustering of Applications with Noise (DBSCAN), Spare-Parts Demand
Forecasting, Symmetric Mean Absolute Percentage Error (sMAPE), Maintenance Operations,

Autoregressive Integrated Moving Average (ARIMA)
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2.3.3 F590AT@nU (Croston's Method)
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