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Abstract 
Dendogram for clustering retail items is a tool used in customer relationship management (CRM) for implementing 
homogeneous schemes for all the items in one cluster. In agglomerative hierarchical clustering, dendograms are 
developed based on the concept of ‘distance’ between the entities or, groups of entities. These entities may be the 
customers, retail items, business units etc. as per the business problem. The present paper focuses on agglomerative 
hierarchical clustering of retail items based on the concept of ‘similarity’ of the items which is regarded as the 
inverse of ‘distance’ (or ‘dissimilarity’). Similarity is measured based on the strength of association rule/s containing 
the candidate items to be merged. An algorithm has been proposed for developing dendogram and it has been 
explained with an example in retail sale. The algorithm overcomes the negative impact of negative association 
between the items on the quality of clustering. 
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1. INTRODUCTION 
In the recent years, the primary task in business analytics of customer relationship management (CRM) has been to 
integrate ‘relationship technology (i.e. data consolidating and data mining)’ with ‘loyalty schemes’. CRM is 
expected to enhance value to customers through raising satisfaction levels on transactions. If customers appreciate 
the value provided by a scheme in CRM, they are expected to continuously enhance the relationship with the firm 
involved through loyalty to the products/brands, purchasing more, advocating the firm to others, etc. With the 
advent of data mining technology, cluster analysis of items is frequently done in supermarkets and in other large-
scale retail sectors. Clustering of items has been a popular tool for identification of different groups of items where 
appropriate programs in CRM are designed for each group separately with maximum effectiveness and return. For 
example, items frequently purchased together are placed in one place in the shelf of a retail store. A discount-
oriented promotional offer is designed for a group of items with incidence of high association in purchase. Such 
clustering of items is useful in operations other than CRM also. One such illustration is seen in clustering of retail 
items for the purpose of inventory control or, placing joint replenishment order. Cluster analysis or clustering 
assigns a set of entities or observations or objects into subsets so that observations in the same cluster are similar in 
some sense. These subsets are called clusters. Clustering is a method of unsupervised learning, and a common 
technique for statistical data analysis used in many fields, including machine learning, data mining, pattern 
recognition, image analysis and bioinformatics. There are various algorithms used for clustering. Hierarchical 
algorithms find successive clusters using previously established clusters. These algorithms usually are either 
agglomerative ("bottom-up") or divisive ("top-down"). Agglomerative algorithms begin with each element as a 
separate cluster and merge them into successively larger clusters. Agglomerative hierarchical clustering creates a 
hierarchy of clusters which may be represented in a tree structure called a dendogram. The root of the tree consists 
of a single cluster containing all observations, and the leaves correspond to individual observations. Any valid 
metric may be used as a measure of similarity between pairs of observations. The choice of which clusters to merge 
or split is determined by a linkage criterion, which is a function of the pair-wise distances between observations. 
Different clusters are obtained at different levels of the tree diagram of dendogram. This gives an opportunity to 
compare the performance of various clustering in different levels with respect to a select performance criterion. In 
CRM, the performance of clustering may be evaluated based on total profit, customer retention, total sale etc. 
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Inventory managers may choose total relevant inventory cost as a parameter for analyzing the performance of 
clustering at various levels. An important step in any clustering is to select a distance measure, which will determine 
how the similarity of two elements is calculated. 
 

2. EXISTING SYSTEM 
 The present system works on the principle of Association rules, threshold support, confidence and lift.Consider 
transactions with ‘X’ as antecedent and ‘Y’ as consequent.  ‘Support’ of an itemset in a transaction database is 
defined as the percetntage of occurrence of the itemset, out of all the transactions. ‘Confidence’ of an association 
rule X=>Y is defined as the percentage of transactions containing X and Y both, out of all the transactions 
containing X. ‘Lift’ of an association rule X=>Y is computed as the confidence of the rule divided by the confidence 
assuming independence of consequent from antecedent. A lift ratio greater than 1.0 suggests that the rule is positive 
and hence, X gives lift to Y. Lift value less than 1.0 implies a negative association rule. Lift gives a 
meaningful interpretation in terms of positive and negative association. If we do not address the issue of lift, there 
may come many items in one cluster with negative association effect which is not desirable for the clusters. 
 

3. PROPOSED SYSTEM 
Proposed system considers only positive lift. Mechanism comprises of two phases. 
PhaseI: 
Mine association rules from the transaction data with some threshold values of rule support and confidence with lift 
more than 1.00. The threshold values of rule support and confidence are chosen with low values so that all the items 
under consideration find place at least in one rule. Steps are as follows: 
Input: 
                 I = {I1, I2,……,Im} //set of items 
                D = {t1, t2,………tn} //a transaction database with ti as one transaction 
                   
                             Threshold rule support = s 
                             Threshold rule confidence = c 
                             Threshold lift = 1.00 
Output: 
                     A = { {r1, s1, c1, l1}, {r2, s2, c2, l2},……,{ rn, sn, cn, ln}} 
     // set of positive association rules (ri) with rule support (si) , confidence (ci) and lift (li) 
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Phase II: 
 
Make use of the output in phase-1 for developing the dendogram. 
Key steps involved in this phase are described below. 
 
Step 1: Input to this phase is the output of phase-I, i.e., the set of association rules with the values of rule support, 
confidence and lift, given by set A. 
Step 2: Obtain the set of individual items present in at least one of the association rules in A by I = {I1, 
I2,……,Im}. 
Step 3: Start with tree level s initiated as 1, the itemset similarity is defined as very high value (tending to infinity), 
and number of clusters (itemsets) is m (the total number of items in I). Hence, the set of clusters at level 1, L{1}, 
contains all 1-item clusters in I. That is, L  = {{I1}, {I2},……….,{Im}}. 
Step 4: To generate a set of candidate itemsets for next level (C(s+1)) each pair of itemsets in the previous level are 
joined. 
Step 5: To evaluate itemset similarity, i.e., similarity amongst the items in a cluster, each of the association rules is 
checked if all the items in the candidate set exist in the rule (either in the antecedent or in the consequent). If all the 
items exist in a rule and no other item is present in the rule, then sum up rule support, confidence and lift for the 
rule. Similarly, sums are obtained for all other rules where all the items are present in a rule. Sum of all such sums is 
taken as the measure of similarity. 
Step 6: To generate L(s+1) (i.e., the set of itemsets in level (s+1)), the two itemsets are merged if their similarity is 
the highest value among all itemsets in C(s+1). Hence, L{s+1} = {L{s} - La{s}- Lb{s}} U {La{s} U Lb{s} }. 
Step 7: The steps 4-6 are iterated with updating the dendogram (DE) by adding the tuple <s, sim, k, L{s}> into DE 
where s =s+1,  sim = sim{La {s}, Lb {s}, k = k-1, L{s} = L{s+1}. Iteration stops when there is no association rule 
with all items of any pair of combined clusters/itemsets in a level and this level is the last level of clustering. Hence, 
all items may not be merged in one cluster as per the proposed algorithm in most of the cases. 
 
Output of phase II 
 

 
 

4. ADVANTAGES 
1.Uses the concept of Data Mining. 
2.Considers only positive lift hence clusters formed are beneficial. 
3.Serves as real time application. 
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5. APPLICATIONS 
 
1. In analysis of Sale transactions.  
2. The dendogram can be used in designing promotional offesr of itemsets / clusters obtained in various levels where 
based on a performance indicator, the best level of clustering can be identified for implementation. 
 

FUTURE SCOPE 
1. Work on devising more appropriate utility based clustering may be done as an extension. 
2. This  can be used for designing Joint Inventory Replenishment policies with minimum total relevant cost. 
 

CONCLUSION 
The proposed software based on the concepts of Data Mining is a CRM application. Hence along with catering 
discounted offers to customers , it also benefits sales managers in increasing their profit margins. 
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