COMP4702/COMP7703 - Machine Learning

Prac 8 — Single and Multilayer Perceptrons and Traqn
Aims:

* To gain some experience in constructing singlerantlilayer perceptron networks and solving
problems with them.

* To gain familiarity with the Trajan software packag

* To produce some assessable work for this subject.

Procedure:

Trajan is a fairly powerful neural networks softe@aimulation package with many different
features. In this prac you will begin to explooene of the basic functionality of Trajan. Try not
be distracted by all the features we won’t be using

Introduction to Trajan: the Boolean AND problem

- Log into windows and start up Trajan. You are awtboally presented witpen Data Set
dialog. SelecCancel. From theFile menu, create a new dataset with 2 inputs and duaut
You can then enter the AND training set manuallse(the down arrow key to move to the
next line!).

- From the File menu, create a new network. In ttredte network” window, select a linear
network. Make sure you set the number of inputs @utputs correctly. Click create and
you should see a network illustration window appear
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The basic mechanism for creating networks in Trapamually is to create (adjust parameters, etc.)
and then to commit networks that you create td'ietwork set editor”. It can be confusing unless
you do things in the right order.



- Trajan refers to a single-layer perceptron as aéar’ network. For now we will train a
single-layer perceptron in Trajan via the Deltaetul Select “Network...” from the Edit
menu to open up the network editor window. Thisveh you the details of the network.
Change from Layer “1” to “2” and you will see thatial (random) weight values for the
connections from the two inputs to the neuron, ttogewith the bias/threshold weight. To
train via the delta rule, select (menu) Train ->llayer perceptrons -> Backpropagation
(NB: this is actually the delta rule when you havsingle-layer net, as will be explained in

lectures!). A Backpropagation window will appe&lick on the “graph” icon.,lrél, on the
toolbar to create another window. Now click tranthe Backpropagation window and
observe what happens in the graph window.
o0 QI1: What value does the sum-squared error functioaldeff around? Try clicking
on the Train button a few more times to make tlearer.

The reason error did not approach zero in the al®Jusecause we currently have a linear
activation function for our neuron. Change “Act ta “Step”.
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Now click “Reinitialise” in the Backpropagation vdow (to set the weights back to random
values), clear the graph, and train again.

0 Q2: Repeat this “Reinitialise” and “Train” processeavftimes and with the Step
activation function and describe what you see. 41bes agree with the lectures?

! The Delta rule can be thought of as backpropagétioa single-layer network (i.e. it does gradigescent on the
weights wrt an appropriate error function. An eardearning rule, the preceptron convergence mikele it is very
similar, does not do exactly this. If you are ietted in reading more about this, see the “NeToahputing notes 2”
document on the course web.



The Exclusive-OR Problem

- Enter the XOR dataset manually into Trajan. Creataulti-layer perceptron network with
2 inputs, 2 hidden units and 1 output. Now gdw® Network Editor and check that you are
using logistic (i.e sigmoidal between 0 and 1)atton functions on the hidden and output
units.

- Train the network, experimenting with differentreiag rate (and momentum) parameters
until you find a setting that approximately solv&SR. There are at least 3 ways to assess
the network performance: by monitoring the err@apdr, by examining error on each data
point (menu Statistics -> Case errors...) or by “iaghthe data inputs through the trained
network and comparing the actual output with desoetput (menu Run -> Dataset...).

0 Q3: What learning rate and momentum parameter valoeked well for you?

How many epochs did it take to solve XOR (and t@térror value?).

0 Q4: Reinitialize the weights in your network and retraith your parameter
settings from Q3. Repeat this 10 times. Did ywetwork always achieve the same
error value? Suggest an explanation for this.

0 Q5: Try training network with 1 hidden unit to solvéOR, and then with 3 hidden
units. Comment briefly on their performance.

Sonar data

Q6: In this question you just need to follow the exmpental procedure below, and write a
paragraph or two describing your observations.oAtention any difficulties you encountered,
how well the network performed, etc.

One well-known early application of multilayer peptrons involves distinguishing between rocks
and mines on the ocean floor using sonar.

- Read about this application on p. 8-11 of the “Mé@omputing notes 3” document on the
course webpage (these notes have been previowslyirughis course).

- The sonar data set is the one used by Gorman gnav&ki for distinguishing between
rocks and metal cylinders described in Lecture@®u ¥an download this dataset (already in
Trajan’s bdf format) from the course webpage. Terofhe file under the Trajan system
click Open... in the drop down list under File. Thigngs up the Open Data Set dialog.
Once you have opened the dataset you will be askselect the basic or advanced version
of the Intelligent Problem Solver. Just press Chnce

You will see at the top of the Data Set Editor tiatre are 61 variables and 208 cases. Variables 1
— 60 have been set as inputs (black column heagdamgsVar 61 is the output as a nominal feature
(i.e. Rock or Mine).

- One extra thing you will need to do is to split theta in the same way as was done by
Gorman and Sejnowski, i.e. using half the data @a®es) as the training set and the other
104 cases as a test set. This you can do by ajjakinthe microscroll button to reduce the
208 cases to 104 and you will find that the nextdew automatically increases from zero
to 104. Click the microscroll button in the secaviddow to reduce the 104 cases to 0. You
will find that the third window automatically inaees from zero to 104 (The contents of
the first window indicate the number of trainingsea and the third window indicates the
number of test cases.) If you now scroll down taagdyou’ll find that those data cases
from 105 onward are now coloured in blue. Theseyate test set.



- What kind of network should you use? Well, the &imne is to try and obtain a set of results
similar to those obtained by Gorman and Sejnovw&#j.you should look back at the Neural
Computing notes 3/4 where you'll see that theydtsarious networks with differing
numbers of hidden units. You should commence witletavork having zero hidden units
and then, depending on time available, try netwarils the same numbers of hidden units
as those used by Gorman and Sejnowski. One thingnged to note is that all their curves
and tabulated results were based on averagingl@viaining runs from different initial
sets of weight values. You won’t have time to ds,thut you should be able to get results
that correspond in some measure to what was achlgv&orman and Sejnowski.

- Now you can set up your network. Remember thatayettrying to obtain results like those
of Gorman and Sejnowski who used the mean-squaredfanction. Click on Network
from the File-New pull down menu to display the &eeNetwork dialog. Set the network
type, number of inputs, number of outputs and thalver of layers.

In setting up the problem, the output has beergasdithe nominal values “Rock” and “Mine” but
the network actually produces numerical valuesorfFwhich the decision on Rock and Mine are
made). Output values close to 1 are given the v&toek” and those to 0 are given the value
“Mine”. Values further away from 0 and 1 are trebés unclassifiable and given the value
“‘unknown”. The Pre-post-processing editor setghineshold between unclassifiable values and
those that can be classified available from the gai-down menu. There are two threshold fields
to set, Accept and Reject. If the activation is\abthe accept threshold, the input example is
classified as a Rock and if it is below the rejbceshold, it is classified as a mine.

- You are now ready to train a network and to do, thi#§ need to follow a procedure similar
to the one you used at the very beginning. Ondbission, however, the output variables
have already been defined, so you don’t need toyadrout that. Click on Classification in
the Statistic pull down menu after training. Younc¢hen see how well the network
performed on the test set after the training. Tlhe bolumns show the test cases while the
black is the training cases.

- Try different values for both the threshold andttrybtain results similar to what Gorman
and Sejnowski got. Close the Pre/Post Processiagsatting the threshold values.

Over-training a network

Q7: In this question you just need to follow the exmpental procedure below, and write a
paragraph or two describing your observations.oAtention any difficulties you encountered,
how well the network performed, etc.

During training, the network is trained to minimitkee error on the training set. But how do we
know how much training to give the network in orétarthe network to generalise well and when
should we stop training to prevent overfitting? Thest effective method to ensure the network is
able to generalize well is to hold back some ofda& and not use it for training but insteadesi t
the generalization performance of the network.

To demonstrate this we are going to use the Pidharis Diabetes dataset. This dataset
* indicates whether the patient shows signs of desbatcording to World Health
Organization criteria
* has 768 samples for training & verifying
* has 8 input attributes



has 2 output classes (either O or 1)

- Go to the course web page and download the “Pitiaris Diabetes” dataset (in plain text

format). To open the file under Trajan systemkc@pen... in the drop down list under
File. This brings up the Open Data Set dialog. @eahe file type to Delimited Text Files.
The Trajan text importer will import this file fgou, but make sure that the “First row
gives...” and “First column gives...” boxes are unchextk Trajan will ask if you want to
save the file in bdf — just hit cancel. Then Trayall want to use it's Intelligent Problem
Solver — again just say no!

You should have a total of 768 cases in this datasle 8 inputs and 1 output (9th variable)
in each case. 400 cases will be used for trainmutiae remaining 368 will be used for
verifying the performance of the network. To arragr this click the first microscroll
button (first the right of the cases field) to 40t click the second microscroll button
(second the right of the cases field) to 368. Tdmes in black are the training data and the
red ones are the verification data. Set the netiwgo& to be multilayer perceptron, error
function to entropy (single) and the number of leiddinits to 5. Use back propagation to
train the network and set the number of epoch®@ tkearning rate to 0.1, momentum to
0.1 and unselect the shuffle cases option. Us&direng graph to observe the results.
There will be two curves appearing in the graph,litue one shows the error on the
training data and the red one shows the verifioatiata. Observe the two curves carefully.
Click Train once. You should observe that the ahigierformance of the training and
verification sets are approximately the same.

Click Train a few more times. You should see that\erification error starts to rise (the
training and verification curves start to split gparhis is an indication that the network is
starting to overfit and that this is the point wédé&aining should cease.



