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INTRODUCTION TO CLUSTERING
There are several types of "clustering" methods each have their own uses. Like for example:

· Computer Clustering: link several computers to work as a large one.

· Data Clustering:  generally clustering is a classification of similar object into separate groups. In more detail definition it is partitioning data sets into subsets called clusters.

We're going to focus in our report on data clustering which is a very common technique used in statistics, data analysis, machine learning, pattern recognition, image analysis, bioinformatics and data mining. Clustering and classification are often get confused with each other, but there is some similarities, but also there are differences. Classification objects or datasets are assigned to pre defined classes, where in clustering the classes are also need to be defined. Data clustering link logically similar information together in order to enhance the efficiency in database systems. When we group similar objects together the access of the whole class will be easier because it is stored in one place.

To give a clearer image on how clustering function's, lets take an example of a library or a bookstore. Books with similar characteristics are grouped together in the same place for the library the books with title name starts with (the letter A) are grouped in a shelf or several shelves together. As for the bookstore example, books with similar type like for example cooking books are grouped together in the same place.

Here are some common used terms in clustering:
· Cluster:  an ordered list of object with similar characteristics

· Similarity: a measurement to measure logical similar characteristics of objects

· Threshold:  lowest possible value of similarity measure acceptable  

· Similarity matrix: a function that calculate similarity between objects and return the result in a form of a matrix

· Distance between clusters: in a scale of 0 -1 (most commonly) the further the value from 1 the more dissimilar the objects are.

· Dissimilarity coefficient: the coefficient is defined to be the distance between objects the lower the value the more similar they are.

· Cluster seed:  also called the initiator, it is the first object or document of the cluster.

CLUSTERING ALGORITHMS & METHODS

There are several clustering methods available each gives different groups than the other. The choice of a particular method depends on the output desired, the hardware and software available and the size of the dataset. Generally clustering methods are divided into two categories based on cluster structure they produce. These categories are partitioning methods and hierarchal methods. Here is more detailed information on each of the two categories:

1- Hierarchical methods: 

I- Distance Measure:

A key step in clustering is determining the distance Measure. An example is the Manhattan distance which is equal to the absolute distances for each and every variable. A more commonly used measure is Euclidean distance, equal to the square of the distance between each variable, summing the squares and finding the square root of that sum.
II- Creating Clusters:

With the measure at hand elements can be combined. Hierarchical clustering builds or breaks up a hierarchy of clusters. The representation of this hierarchy is a tree data structure called dendrogram. With individual elements at on side and a single cluster with every element on the other. Here is a graph represent how the method works with the arrow indicating whether the clustering method is building (agglomerative) or breaks up (divisive).
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Here are the steps used to merge cluster. Using the six elements above (a-f) and (A, B) as two separate clusters.
· Calculate MAX distance between each cluster
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· Calculate MIN distance between each cluster
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· Calculate the Mean of each cluster 

[image: image3.png]1
card(A)card(B) 2> dw)

2EA yeB




· The sum of all intra-cluster variance
· The increase in variance when a cluster is merged

2- Partitional Clustering:
Definition: it is a partition of a set K which is a set of nonempty subsets of K and every element in K is exactly one of these subsets.

A set P of subsets of K is a partition of K if:

1. No element of P is empty.

2. Union of the element P is equal to X.

3. The intersection of two elements of P is equal to X The elements of P are sometimes called the blocks of the partition.

Types of Partitional Clustering:

I- Clustering Feature Tree (CFT):
Clustering feature are used to summarize cluster representation, also help the clustering method  achieve good speed and scalability in large database and make it effective for incremental and dynamic clustering of incoming objects.
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Example:

If we have three points (2,5) , (3,2) , (4,3) in a cluster C1 will be as follow
CF1= {3,(2+3+4,5+2+3) , (2^2+3^2+4^2, 5^2+2^2+3^2)}=   {3,(9,10),(29,38)}

Suppose we have another clustering C2 beside C1, 

	CF1
	CF2
	..............
	CFk






	CF11
	CF12
	..............
	CFk




The sub clustering determined by two things (T, B):
· T stands for threshold, which determine by the diameter of the point measurement inside a clustering.

· B stands for branching factor, which determine by the maximum number of the children per nonleaf nodes in a clustering.
II- K-means clustering:
The way the K-means method work is that each point in the cluster which is the center (also called centroid) is the average of all the points in the cluster, the point’s coordinates are arithmetic mean for each dimension separately over all the points in the cluster.

Example: The data set has three dimensions and the cluster has two points: X = (x1, x2, x3) and Y = (y1, y2, y3). Then the centroid Z becomes Z = (z1, z2, z3), where z1 = (x1 + y1)/2 and z2 = (x2 + y2)/2 and z3 = (x3 + y3)/2.
The basic step of k-means clustering is simple. In the beginning we determine number of cluster K and we assume the centroid or center of these clusters. We can take any random objects as the initial centroids or the first K objects in sequence can also serve as the initial centroids. 

Then the K-means algorithm will do the three steps below until convergence Iterate until stable (= no object move group): 

1. Determine the centroid coordinate.
2. Determine the distance of each object to the centroids.
3. Group the object based on minimum distance.
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The numerical example below is given to understand this simple iteration. 

Suppose we have several objects (4 types of medicines) and each object have two attributes or features as shown in table below. Our goal is to group these objects into K=2 group of medicine based on the two features (pH and weight index). 

	Object 
	attribute 1 (X): weight index 
	attribute 2 (Y): pH 

	Medicine A 
	1 
	1 

	Medicine B 
	2 
	1 

	Medicine C 
	4 
	3 

	Medicine D 
	5 
	4 


Each medicine represents one point with two attributes (X, Y) that we can represent it as coordinate in an attribute space as shown in the figure below. 
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1. Initial value of centroids: Suppose we use medicine A and medicine B as the first centroids. Let [image: image8.png]


and [image: image9.png]


denote the coordinate of the centroids, then [image: image10.png]1.1y
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2. Objects-Centroids distance: we calculate the distance between cluster centroid to each object. Let us use Euclidean distance, then we have distance matrix at iteration 0 is 
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Each column in the distance matrix symbolizes the object. The first row of the distance matrix corresponds to the distance of each object to the first centroid and the second row is the distance of each object to the second centroid. For example, distance from medicine C = (4, 3) to the first centroid [image: image14.png]1.1y
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, and its distance to the second centroid [image: image16.png]2.1
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, etc. 

3. Objects clustering: We assign each object based on the minimum distance. Thus, medicine A is assigned to group 1, medicine B to group 2, medicine C to group 2 and medicine D to group 2. The element of Group matrix below is 1 if and only if the object is assigned to that group. 
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4. Iteration-1, determine centroids: Knowing the members of each group, now we compute the new centroid of each group based on these new memberships. Group 1 only has one member thus the centroid remains in [image: image19.png]1.1y
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. Group 2 now has three members, thus the centroid is the average coordinate among the three members: [image: image20.png]2+4+5 14344
3 7 3

)=




. 

[image: image21.png]attribute 2 (Y): pH

iteration 1

attribute 1 (X): weight index





5. Iteration-1, Objects-Centroids distances: The next step is to compute the distance of all objects to the new centroids. Similar to step 2, we have distance matrix at iteration 1 is 
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6. Iteration-1, Objects clustering: Similar to step 3, we assign each object based on the minimum distance. Based on the new distance matrix, we move the medicine B to Group 1 while all the other objects remain. The Group matrix is shown below 
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7. Iteration 2, determine centroids: Now we repeat step 4 to calculate the new centroids coordinate based on the clustering of previous iteration. Group1 and group 2 both has two members, thus the new centroids are [image: image24.png]


and [image: image25.png]
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8. Iteration-2, Objects-Centroids distances: Repeat step 2 again, we have new distance matrix at iteration 2 as 
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9. Iteration-2, Objects clustering: Again, we assign each object based on the minimum distance. 
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We obtain result that [image: image29.png]


. Comparing the grouping of last iteration and this iteration reveals that the objects does not move group anymore. Thus, the computation of the k-mean clustering has reached its stability and no more iteration is needed. We get the final grouping as the results 

	Object 
	Feature 1 (X): weight index 
	Feature 2 (Y): pH 
	Group (result) 

	Medicine A 
	1 
	1 
	1 

	Medicine B 
	2 
	1 
	1 

	Medicine C 
	4 
	3 
	2 

	Medicine D 
	5 
	4 
	2 


There are two main advantages of the K-means method which is simplicity and speed which make it cluster on large data. The only disadvantage this method has is that it gets different result each time it runs because the clustering depends on the random assignments. What it do is that it maximizes inter cluster or minimizes intra cluster variance, still, it doesn’t mean that the result has a global minimum of variance.
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III- QT Clust algorithm:

QT which stands for "Quality Threshold Clustering" was invented for gene clustering. QT method requires more computing power than k-means, it doesn’t require specifying the number of clusters and always returns the same result as many time as it run.
How does QT Clustering algorithm works?
First the user chooses the maximum diameter for clusters, and then builds a candidate cluster for each point by including the closest point, the next closes and so on, until it passes the threshold, then it save the candidate cluster with the higher points as the true cluster and remove the other clusters across the threshold.
The distance between a point and a group is computed by the maximum distance from a point to the group.

IV- Fuzzy c-means clustering: 

In the fuzzy clustering each point belongs to a cluster. And the points on the edge may be in the cluster to a lesser degree than points in the center of a cluster. Each point have a coefficient which gives the degree of being in the cluster. Most of the time the sum of the coefficients must equal to1.
The way fuzzy method work is similar to the k-means:

First we choose a number of clusters, then we assign coefficient for each point in the cluster, we repeat that until the coefficient between two iterations is no more than the given sensitivity threshold.
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