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Abstract 
 Clustering is an emerging analysis tool which has capability to explore hidden information. 

Among various clustering algorithms, Balanced Iterative Reducing and Clustering using 

Hierarchies is hierarchical clustering method, which explores multiple clusters in single 

database scan. 

This paper discusses the modification to existing BIRCH algorithm. In this, the input order 

affects the results and splitting is triggered by node size. A good choice of threshold value 

greatly reduces the number of rebuilds. The initial threshold value is increased dynamically, 

but it can be adjusted to low. If the initial threshold is too high, a less detailed CF tree is 

obtained but, it is not feasible with the available memory. Therefore, the threshold should he 

set precisely to avoid memory loss. BIRCH approach sets it, to zero by default; In proposed 

approach, the early values of Threshold T, Branching factor B and the Leaf capacity L are 

detected which results in optimal clustering. 
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1. Introduction 

 

Data Clustering is the partitioning of a dataset into clusters. And the cluster is a closely-

packed group. Which is collection of data objects that are similar to one   another and treated 

collectively as a group. The clustering process usually can divide into the following steps: 

first we need to represents the objects by an appropriate form by identifying the most 

effective subset of the original features to use in clustering and transformations of the input 

features to produce new salient features; then we define suitable similarity function, The most 

commonly used measure of similarity is the Euclidean distance or its square, Other distance 

measures are also available as city-block or Manhattan, Using of different distance measures 
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may lead to different clustering results; after that we need to choose clustering algorithm, 

There are many clustering algorithms available in the clustering word based on different 

standard methods. 

 

 

2. Related Work 

 
Using a single threshold cause many shortcomings in the birch algorithm. A solution to this 

shortcoming by using multiple thresholds instead of a single threshold was proposed [1]. The 

number of thresholds that used in the CF tree will be equal to the number of the CF entries in 

that tree and these threshold will not be equal and will be dynamically changed during the 

clustering operation, This approach will lead to modify the original leaf CF entry structure 

and original insertion algorithm behavior. 

An algorithms to optimize the key parameters (like branching factor, quality threshold 

and selection of the separator line) of the BIRCH pre-clustering method was proposed [2]. 

Based on the shape of the cost surface, the applied algorithm is a combination of the Genetic 

Algorithm and Hill-climbing search algorithm.  

BIRCH Algorithm: 

                             

 
                            Figure1.BIRCH Approach 

 

Phase 1: Choose an initial value for threshold, start inserting the data points one by one into 

the tree. If, in the middle of the above step, the size of the CF tree exceeds the size of the 

available memory, increase the value of threshold. Then Convert the partially built tree into a 

new tree. Repeat the above steps until the entire dataset is scanned and a full tree is built. 

Here the good initial threshold is important but hard to figure out.  

Phase 2- It’s an optional phase. Phase 3 sometime has minimum size which performs well, so 

phase 2 prepares the tree for phase 3.  

BIRCH applies a (selected) clustering algorithm to cluster the leaf nodes of the CF tree, 

which removes sparse clusters as outliers and groups dense clusters into larger ones.  

Phase 3: cluster all leaf nodes on the CF values according to an existing algorithm. The 

algorithm used here: agglomerative hierarchical clustering. 

Phase 4- It is also an optional phase. Do additional passes over the dataset & reassign data 

points to the closest centroid from phase 3. Then Recalculating the centroids and 

redistributing the items. Always converges (no matter how many time phase 4 is repeated) 
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Clustering Feature Tree - 
     Each entry in the CF tree represents a cluster of objects and is characterized by a triple (N, 

LS, SS). 

Given N d-dimensional data points in a cluster,   

      Xi (i = 1, 2, 3, … , N) 

   N - number of data points in the cluster 

   LS - linear sum of the N data points 

   SS - square sum of the N data points  

   CF Tree is a height balanced tree with two parameters:  

          -    branching factor B  

          -    threshold T  

 

Each non-leaf node contains at most B entries of the form [CFi, childi], where childi is a 

pointer to its i-th child node and CFi is the CF of the subcluster represented by this child. So, 

a non-leaf node represents a cluster made up of all the subclusters represented by its entries.  

A leaf node contains at most L entries,  each of them of the form [CFi], where i = 1, 2, …, 

L.It also has two pointers, prev and next, which are used to chain all leaf nodes together for 

efficient scans.  A leaf node also represents a cluster made up of all the sub clusters 

represented by its entries. But all entries in a leaf node must satisfy a threshold requirement, 

with respect to a threshold the diameter (or radius) has to be less than T.  The leave contains 

actual clusters. The size of any cluster in a leaf is not larger than T.  

 

 

                 
                                                               Figure2. CF Tree 

 

Threshold Values- 
A good choice of threshold value can greatly reduce the number of rebuilds. Since the initial 

threshold value T is increased dynamically, we can adjust for its being too low. But if the 

initial T is too high, we will obtain a less detailed CF tree than is feasible with the available 

memory. So T should be set conservatively. BIRCH sets it, to zero by default; a 
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knowledgeable user could change this. Suppose that T, turns out to be too small, and we 

subsequently run out of memory after Nt data points have been scanned and ci, leaf entries 

have been formed (each satisfying the threshold condition wrt. Ti). Based on the portion of 

the data that we have scanned and the tree that we have built up so far, we need to estimate 

the next threshold value T+l This estimation is a difficult  problem  and a full solution is 

discuss here. 

Multiple different thresholds can be used [1] where every threshold belongs to a specific leaf 

CF entry. In other words the number of thresholds that used in the CF tree will be equal to the 

number of the CF entries in that tree. These thresholds will not be equal and will be 

dynamically changed during the clustering operation; this approach leads to modify the 

original leaf CF entry structure. 

 

3. Proposed Work 

 
The proposed approach is an attempt to overcome the limitations of the BIRCH 

algorithm. When building the CF tree at first phase, it depends on the branching factor B, 

number of leaf entries L and the threshold T which determines the size of the cluster. If this 

values are not optimal then node of the tree gets spitted at various times which degrades the 

cluster optimality and also the inefficient memory utilization. We proposed here to first 

attempting the step of Random Sampling then in next step determine the values for Threshold 

T, Branching Factor B and the limiting the number of leaf entries by deciding factor L. After 

that the next build the CF tree by the normal approach as the BIRCH follows and the 

clustering will be done. The workflow of proposed approach is shown in figure4.                                                     

                                                     

 

                                                  
 

 

 

   Figure4. Proposed Algorithm 

 

1. Random Sampling- 
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a. Clusters are generated by the sample points. 

 b.   With the appropriate size the quality of the clustering is not affected. 

2.   Goodness Measure- 

 a.    Criterion Function- 

       Criterion function for metric spaces commonly used is Euclidean Distance is 

       defined as[2]:  

 

    
Where Ci denotes cluster i of size ni.  

 

The best clusters are the ones that maximize the value of the criterion function. 

Maximize the sum of link(p(q), p(r)) for data point pairs p(q), p(r) belonging to a single 

cluster and at the same time, minimize the sum of link(p(q); p(s)) for p(q), p(s) in different 

clusters. 

Heuristic: Total Number of Links in Cluster: n exp (1+2*f(θ))  Errors in the estimation of f(θ) 

affects all the clusters  similarly due to this normalization  

Assumption: Each point in cluster has n exp(f(θ)) neighbours, so it contributes n exp( 2*f(θ) ) 

links. Usually f(θ) is set to (1-θ) / (1+θ) : it depends on the dataset 

 

Goodness Measure determines the best pairs of clusters to merge at each step [2]. 

 
link[Ck,Cj]=cross links between clusters denominator = expected number of cross links 

between pairs of points in k, j (normalization factor and penalty)   pairs with maximum g are 

the best pairs to merge 

 

3. Obtain L,B,T 
 After getting the details of the clusters calculate the average radius from all clusters. 

This average radius is nothing but the optimal value for Threhold T. 

Dependinng on that assign the value for the Branching Factor B and the Leaf node cluster 

limitation L. 

4. Build The CF Tree 

Depending on the above calculated values the CF tree is built by using same BIRCH 

approach. This is the optimal CF tree as the threshold is determine as early optimal and hence 

number of cluster obtained are efficient than normal BIRCH approach. 

 

Benefits of proposed approach: 

 
1. Early obtaining the values of the B,L and T are helpful for building the optimal and the 

efficient clusters by CF tree as in BIRCH. 

2. The early determination of the factors B,L,T does not give the further process of the CF 

tree dividation into smaller and rebuilt it. As the in first step it will gives the efficient and 

optimal clusters. 

3.   Not affected by the input order. 
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4.    Main advantage is the splitting triggered by the node size is avoided by deciding the  

       optimal threshold T. So this approach builds the efficient and the optimal clusters. 

 For this implementation the image dataset is used and obtain the clusters which 

having the better preciseness than compared with the normal BIRCH. The table 1 represents 

the result by applying the hybrid birch and the normal birch approach on the image dataset. 

 

Table 1 Comparison of Analysis of Algorithms 

 

 

 

 

 

 

 

 

4. Conclusion and Future Work  

 
 Successfully implemented the hybrid BIRCH approach that results in optimal 

clustering. This is achieved without changing the threshold at each iteration and the optimal 

CF tree is generated. In future, this work can further enhanced to obtain the values of the 

threshold T, branching factor B and limitation to leaf node clusters L. CF tree can also be 

generated only in single step scan.  
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Algorithm Used CF Entries by 

Applying Algorithm 

Normal BIRCH 

Approach 

11122 

Hybrid BIRCH 

Approach 

5685 


