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UNIVERSITY OF ENGINEERING AND TECHNOLOGY, TAXILA
FACULTY OF TELECOMMUNICATION AND INFORMATION ENGINEERING 
COMPUTER ENGINEERING DEPARTMENT


Machine Learning

LAB  MANUAL 5
Principal Component Analysis
LAB OBJECTIVE:

The objective of this lab is to understand 
1. The concept of Principal Component Analysis
2. To implement Principal Component Analysis
BACKGROUND MATERIAL

Principal Components Analysis
Principal component analysis (PCA) is a technique used to reduce multidimensional data sets to lower dimensions for analysis. Depending on the field of application, it is also named the discrete Karhunen-Loève transform, the Hotelling transform or proper orthogonal decomposition (POD).

One of the difficulties inherent in multivariate statistics is the problem of visualizing multidimensionality. 
 Fortunately, in data sets with many variables, groups of variables often move together. One reason for this is that more than one variable may be measuring the same driving principle governing the behavior of the system. In many systems there are only a few such driving forces. But an abundance of instrumentation enables you to measure dozens of system variables. When this happens, you can take advantage of this redundancy of information. You can simplify the problem by replacing a group of variables with a single new variable. 
Principal components analysis is a quantitatively rigorous method for achieving this simplification. The method generates a new set of variables, called principal components. Each principal component is a linear combination of the original variables. All the principal components are orthogonal to each other so there is no redundant information. The principal components as a whole form an orthogonal basis for the space of the data. 
There are an infinite number of ways to construct an orthogonal basis for several columns of data. What is so special about the principal component basis? 
The first principal component is a single axis in space. When you project each observation on that axis, the resulting values form a new variable. And the variance of this variable is the maximum among all possible choices of the first axis. 
The second principal component is another axis in space, perpendicular to the first. Projecting the observations on this axis generates another new variable. The variance of this variable is the maximum among all possible choices of this second axis. 
The full set of principal components is as large as the original set of variables. But it is commonplace for the sum of the variances of the first few principal components to exceed 80% of the total variance of the original data. By examining plots of these few new variables, researchers often develop a deeper understanding of the driving forces that generated the original data. 
The function princomp is used to find the principal components.
IMPLEMENTATION DETAILS WITH RESULTS:

Principal Component Analysis

Principal-component analysis(PCA) is a useful technique you can use to reduce the dimensionality of large data sets, such as those from microarray analysis. PCA can also be used to find signals in noisy data. 

You can use the The function princomp in the Statistics Toolbox to calculate the principal components of a data set.
[pc, zscores, pcvars] = princomp(yeastvalues)

MATLAB displays
pc =

  Columns 1 through 4 

   -0.0245   -0.3033   -0.1710   -0.2831

    0.0186   -0.5309   -0.3843   -0.5419

    0.0713   -0.1970    0.2493    0.4042

    0.2254   -0.2941    0.1667    0.1705

    0.2950   -0.6422    0.1415    0.3358

    0.6596    0.1788    0.5155   -0.5032

    0.6490    0.2377   -0.6689    0.2601

  Columns 5 through 7 

   -0.1155    0.4034    0.7887

   -0.2384   -0.2903   -0.3679

   -0.7452   -0.3657    0.2035

   -0.2385    0.7520   -0.4283

    0.5592   -0.2110    0.1032

   -0.0194   -0.0961    0.0667

   -0.0673   -0.0039    0.0521

You can use the function cumsum to see the cumulative sum of the variances.
cumsum(pcvars./sum(pcvars) * 100)

MATLAB displays
ans =

   78.3719

   89.2140

   93.4357

   96.0831

   98.3283

   99.3203

  100.0000

This shows that almost 90% of the variance is accounted for by the first two principal components. A scatter plot of the scores of the first two principal components shows that there are two distinct regions. This is not unexpected, because the filtering process removed many of the genes with low variance or low information. These genes would have appeared in the middle of the scatter plot.figure

scatter(zscores(:,1),zscores(:,2));

xlabel('First Principal Component');

ylabel('Second Principal Component');

title('Principal Component Scatter Plot');
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MATLAB plots the figure.The function gname from the Statistics Toolbox can be used to identify genes on a scatter plot. You can select as many points as you like on the scatter plot. gname(genes);

When you have finished selecting points, press Enter.
An alternative way to create a scatter plot is with the function gscatter from the Statistics Toolbox. gscatter creates a grouped scatter plot where points from each group have a different color or marker. You can use clusterdata, or any other clustering function, to group the points.
figure

pcclusters = clusterdata(zscores(:,1:2),6);

gscatter(zscores(:,1),zscores(:,2),pcclusters)

xlabel('First Principal Component');

ylabel('Second Principal Component');

title('Principal Component Scatter Plot with Colored Clusters');

gname(genes)  
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Principal Component Analysis (prepca, trapca)
In some situations, the dimension of the input vector is large, but the components of the vectors are highly correlated (redundant). It is useful in this situation to reduce the dimension of the input vectors. An effective procedure for performing this operation is principal component analysis. This technique has three effects: it orthogonalizes the components of the input vectors (so that they are uncorrelated with each other); it orders the resulting orthogonal components (principal components) so that those with the largest variation come first; and it eliminates those components that contribute the least to the variation in the data set. 
The following code illustrates the use of prepca, which performs a principal component analysis. 
[pn,meanp,stdp] = prestd(p);
[ptrans,transMat] = prepca(pn,0.02);
Note that we first normalize the input vectors, using prestd, so that they have zero mean and unity variance. This is a standard procedure when using principal components. In this example, the second argument passed to prepca is 0.02. This means that prepca eliminates those principal components that contribute less than 2% to the total variation in the data set. The matrix ptrans contains the transformed input vectors. The matrix transMat contains the principal component transformation matrix. After the network has been trained, this matrix should be used to transform any future inputs that are applied to the network. It effectively becomes a part of the network, just like the network weights and biases. If you multiply the normalized input vectors pn by the transformation matrix transMat, you obtain the transformed input vectors ptrans. 
If prepca is used to preprocess the training set data, then whenever the trained network is used with new inputs they should be preprocessed with the transformation matrix that was computed for the training set. This can be accomplished with the routine trapca. 
In the following code, we apply a new set of inputs to a network we have already trained. 
pnewn = trastd(pnew,meanp,stdp);
pnewtrans = trapca(pnewn,transMat);
a = sim(net,pnewtrans);

******************************************************************

LAB TASK 

Implement the PCA technique without using MATLAB’s builtin functions. 
******************************************************************

SKILLS DEVELOPED:

· Implementation of Principal component analysis.

HARDWARE & SOFTWARE REQUIREMENTS:
           Hardware

· Personal Computers.

           Software

· MATLAB.

For any Query please E-mail me at alijaved@uettaxila.edu.pk 

Thanks
Machine Learning                 8th Term-SE/CP 
    UET Taxila

