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Abstract: This paper presents a community detection and integer programming approach to analyze and optimize warehouse
storage assignment for order picking operations. Storage assignment is a key warehouse management function that greatly
affects the overall order picking productivity. An inefficient storage configuration leads to a higher frequency of traffic
congestion and less effective routing decisions; therefore, the optimization of items location becomes critical. However, storage
assignment optimization is challenging because it requires the analysis of large amount of data. To analyze this data efficiently,
networks community detection is used to extract the association relationships between items. These relationships are then
utilized in an integer programming model to determine the optimal inventory locations. Experiments conducted using
simulation indicate that the proposed approach provides a storage configuration that reduces congestion by 60% while
maintaining similar total order picker travel time.
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1. Introduction
Order picking is the process of retrieving inventory from storage in response to customer orders. It is reported to be
the most labor-intensive operation, accounting for more than 55% of the total operational costs in the warehouse (De Koster et
al., 2007). Thus, extensive research has been applied to enhance the efficiency and responsiveness of order picking. The studies
on order picking have focused on four main areas: 1) order pickers routing, 2) warehouse zoning, 2) order batching and
sequencing, and 4) storage assignment policies. In particular, storage assignment has gained significant attention because it’s
a key function that greatly impacts the other warehouse policies. An inefficient storage assignment leads to routing and order
batching policies that increase order pickers’ travel time and contribute to more congestion, which in turn reduces the overall
warehouse productivity and safety.
The existing policies to optimize storage assignment in practice can be categorized to three approaches: 1) random
storage, where items are stored randomly on a first empty location basis, 2) class-based storage, where items are first
categorized to classes (e.g., ABC classification) and then assigned to specific storage areas, and 3) dedicated storage, where
items are assigned fixed locations, often by using optimization techniques (De Koster et al., 2007). Recent research efforts to
improve these approaches have utilized data mining methods, such as association rule mining and clustering analysis, to identify
the items which are frequently ordered together and store them nearby to reduce the total travel distance of order pickers (Chen
and Wu, 2005; Chiang et al., 2011; Pang and Chan, 2017). However, these traditional data-mining methods require large
computational time or/and provide poor quality solutions if the number of items is large, hence they are unsuitable for practical
applications (Videla-Cavieres and Ríos, 2014).
In this research, a network approach is explored to efficiently analyze the relationships between items and provide
recommendations for better warehouse storage assignment. Nodes in the proposed network represent items, and edges represent
the frequency of two items being ordered together. Community detection is applied to identify the items which are frequently
ordered together (i.e., communities), and an integer programming model is proposed to optimize the assignment of these
discovered communities to warehouse aisles. Simulation is used to evaluate the proposed method against the current warehouse
storage policy in terms of warehouse congestion and total order picker travel time.
The remaining of this paper is as follows: Section 2 summarizes the related work in the literature, Section 3 explains
the proposed methodology and the integer programming model, Section 4 discusses the results and analysis, and Section 5
presents the conclusions and future work.
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