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Abstract 

The submitted article is focused on the field of distribution logistics with the aim of cluster analysis application as a tool for 
creation of groups of similar stock items (clusters) leading to speed up the company’s  reactions on customers’ requirements.  
When creating the groups (clusters) of stock items by using cluster analysis it is necessary to have information about the process 
which directly follows. It means that in case of analysis of distribution centre stock items, the input information are the data of 
product distribution of the previous period or distribution plan for the future period. Changes in distribution play an essential role 
in clustering that is why it is appropriate to use distribution data from several periods not just one. The output of the process of 
finished goods stock clustering by using hierarchical methods of cluster analysis is dendrogram. Consequently based on problem 
solver’s subjective opinion the optimal numbers of clusters are selected and are incorporated into the proposal of finished goods 
warehouse layout reconfiguration. The result of cluster analysis in the form of finished products clusters is possibly applicable in 
other business processes, for instance production cells creation, raw materials warehouse layout reconfiguration and many others 
because the criterion of cluster creation are customers’ requirements which is determining criterion in the entire process of 
customer oriented companies.   
 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the Modelling of Mechanical and Mechatronic Systems MMaMS 
2014.  

Keywords: cluster analysis, dendrogram, finished goods warehouse, reconfiguration. 

 

 
* Corresponding author. Tel.: 00421556022358;. 

E-mail address: jana.halcinova@tuke.sk 

© 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of organizing committee of the Modelling of Mechanical and Mechatronic Systems MMaMS 2014

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publisher Connector 

https://core.ac.uk/display/82725342?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://crossmark.crossref.org/dialog/?doi=10.1016/j.proeng.2014.12.133&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.proeng.2014.12.133&domain=pdf


144   Jana Halčinová et al.  /  Procedia Engineering   96  ( 2014 )  143 – 147 

1. Introduction 

Cluster analysis belongs to multivariate statistical methods. It is defined as general logical technique, procedure 
which allows clustering various objects into groups – clusters on the basis of similarity or dissimilarity. Cluster 
analysis involves computational procedures, which purpose is to reduce a set of data on several relatively homogeny 
groups – clusters, while the condition of reduction is maximal and simultaneously minimal similarity of clusters. 
Similarity of objects is determined by the degree of similarity (correlation coefficient and association coefficient) or 
the degree of dissimilarity – degree of distance (distance coefficient). On the basis of clustering, methods of cluster 
analysis are classified as hierarchical or non-hierarchical methods. Hierarchical methods of cluster analysis are based 
on the hierarchical systematization of objects and its clusters. The procedures, methods begin from the separate 
objects which represents clusters. Progressively, the amount of clusters is getting down and in the end all objects, 
clusters are reduced into the whole. Hierarchical methods lead to hierarchical (tree) structure which is graphically 
figured as dendrogram (tree diagram). Non-hierarchical methods do not create hierarchical (tree) structure and the 
objects are categorized into the number of disjunctive clusters specified in advance [1]. 

Cluster analysis, which idea is to create groups (clusters) on the basis of dissimilarity (distance) of the objects 
indicated by various variables, was used when designing stocks reconfiguration within the warehouse of existing 
industrial concern. Stocks stored in finished goods warehouse illustrated in Fig. 1 are considered to be the interest 
objective.   

 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. Finished goods warehouse in analyzed industrial concern. 

2. Analyzed industrial concern 

Analyzed industrial enterprise is an international manufacturing concern distributing products to countries depicted 
in Fig.2 included with their percentage share. 
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Fig. 2. Percentage of products distribution to particular countries. 

 
Products distribution development of analyzed manufacturing concern during the period under review was 

relatively steady with only small deflections in customers’ requirements (see Fig. 3).  This matter of fact is 
significant input information for cluster analysis execution. As the distribution development during the period under 
review was relatively steady it is effective to perform cluster analysis of finished goods stocks leading off from data 
of particular products distribution in 2013 and 
2014. Changes in distribution development 
will be considered in cluster analysis result.  

 
 

 
 
 
 
 
 

 

 

 

Fig. 3. Distribution development of analyzed manufacturing concern. 

3. Cluster analysis of stocks 

On the basis of products distribution data in 2013 and 2014, cluster analysis was done and its result intended to 
be a selection of clusters for the following warehouse layout reconfiguration.   

Input information for cluster analysis execution was a set of monthly data about distribution of 35 finished 
products in 2013 and 2014 (distribution plan). For the representation of similarity relations among the objects 
(products) squared Euclidean distance and hierarchical cluster analysis method – Ward’s method were used. 
Hierarchical methods of cluster analysis create clusters in a form of tree structure according to distance and the 
optimal number of clusters is a problem solver subjective decision.       

Graphic output of finished products 
clustering of selected manufacturing concern is 
a dendrogram (see Fig. 4) illustrating various 
numbers of clusters depending of distance 
(dissimilarity). 
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Fig. 4. Dendrogram of products in 2013 and 2014. 

4. Cluster analysis results 

Based on heuristic approach of determining the quality of decomposition it is possible to consider 5 clusters of 
finished products to be an optimal number of clusters. 

The share of particular clusters in total 
products distribution of above mentioned 
manufacturing concern is a determining criterion 
when managing stock items. As depicted in 
Fig.5 the greatest holding in the total distribution 
is represented by the first and the second cluster 
and both together represent the absolute 
majority of total dispatch. 

 

 

 
 

Fig. 5. Share of product clusters in total distribution. 

5. Warehouse layout reconfiguration 

The above mentioned matter of fact is necessary to take into account when designing finished goods warehouse 
layout reconfiguration. The basic principle of the optimal layout of particular items within the warehouse is to place 
the products with the greatest holding in distribution closer to the exit to make the process of manipulation with 
finished products toward the customers more effective and faster. The draft of stock organization within the finished 
goods warehouse in consideration of cluster analysis results and available warehouse capacity is illustrated in 3D 
form (see Fig. 6) and 2D form (see Fig. 7) as well. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

 Fig. 6. 3D draft of finished goods warehouse layout with clusters definition. 
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Fig. 7. 2D draft of finished goods warehouse layout with clusters definition. 

6. Conclusion 

The aim of submitted article was to create clusters of similar products on the basis of cluster analysis according to 
customers’ requirements. Created clusters as a result of the analysis differ from the current way of finished goods 
warehouse layout in analyzed company that is why they have been incorporated to the proposal of distribution shed 
reconfiguration. The result presents systematic and logical solution of the way how to manage finished goods stocks. 
Applied algorithm is usable not only in production and distribution companies but in medical domain as well.   
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