Computer Projects

Projects are to be presented in class together with the simulation results and discussion.  Please let me know at least a week earlier if your presentation date needs to be changed.

Project 1.

Basawaraj Basawaraj
This assignment is taken from one of the assignments in Berkeley class Comp Sci 182 / Cog Sci 110 / Ling 109 The Neural Basis of Thought and Language.  Please check at 

http://inst.eecs.berkeley.edu/~cs182/sp07/assignments/a6-mm.html
for the original version of this assignment with proper links to data bases and computer programs to use.

You will implement a system that learns right-regular grammars using a simplified version of the model merging algorithm, in Java. This involves several steps; make sure to read through the entire assignment before you begin coding. 

--> THE ASSIGNMENT: [PDF] <-- (right... open up the PDF file...) 

The starter code: [.tar.gz] [.zip]
New: example output: a6-example-output.txt(alpha=1) and /a6-example-output-alpha5.txt(alpha=5)

· As noted in the assignment, you should show your algorithm working on some sample data. 

· Here is an example of how the algorithm should run 

· Here is help based on last year's reactions, including links to javadoc and a description of the tree data structure you will want to use. 

· You should feel free to make up your own data set, or use the provided sample training data. 

Readings: O2  

Some links that may be of interest: 

· Wikipedia's information on right-regular grammars,  linear grammars, and formal grammars. 

· info on finite-state technology 

· Model merging, Inducing Probabilistic Grammars by Bayesian Model Merging (Stolcke and Omohundro, 1994). This paper describes model merging for hidden Markov models and stochastic context-free grammars. Note that both of these applications differ from the deterministic finite-state grammars to be learned in this assignment, but it may be of interest anyway. 

Display your results.

Please contact me if you are not clear about this assignment.

Project 2
Amit Borundiya


Use the weighted least square neural network approach to classify a selected data from UCI database.   Modify SNRF criterion to handle binary noise with a given distribution function as a reference for network optimization in a similar way as explained for function approximation.  Your specific tasks are as follows:

1. Choose a data base for classification from UCI knowledge base repository

http://www.ics.uci.edu/~mlearn/MLRepository.html or http://kdd.ics.uci.edu/
2. Select training and test data sets for classification with Ntr and Nts data points.

3. For each class determine class probability Pc and use it as a basis to generate a random binary distribution.  Use uniform random number generator in [0,1] interval to generate Ntr random values.   For a class probability Pc replace each random number by 1 if it is less than Pc and by -1 if it is greater than Pc to obtain a binary noise for the given class probability.  

4. Compute the signal to noise ratio figure SNRFP for the obtained binary noise ei by using shifted signal correlation: 
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where N is the number of samples in the training set, ek is the kth sample, eki (i=1, 2,...M) is ek’s ith nearest neighbors, M is the number of nearest neighbors used (M could be 1). wki is given as in (2),
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Where 
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and D is the dimensionality of the input space.
5. Use the obtained SNRFP of the binary noise as a stop criterion to find the proper number of hidden layers in your classifier.  Use the nearest neighbor of each point to compute SNRFs and compare with standard deviation of SNRFP
6. Optimize the number of input features using the developed SNRFP for the classification problem.

7. Compare your results with the results from other research work in literature on the same data basis.  Notice that this point requires that you would first chose the data base for which you can find a reference paper dealing with the same data base.

Please contact me if you are not clear about this assignment.

Project 3 
Nathan Frey
Use temporal sequence learning and text based sensory input to develop a conversational machine.  The purpose of its operation is to provide an answer to a query question entered by its user.  Machine will be trained by providing text input from data base of English language stories.  Machine’s organization will be structured in the form of general embodied intelligence model as shown on figure.  It will use a novel form of sequence learning and representation and is intended to be biologically plausible.
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Machine will have three types of inputs from environment: 

1. Text data base that contains English language stories.  Machine will “read” these stories by presenting input sequences to the short term memory, where they are analyzed in relation to the current query.

2. Query input that represents a machine’s current goal.  The purpose of machines action is to satisfy this goal.  Machine acts on its environment by presenting a text output.  The machine’s output is evaluated and evaluation may result in modifying the pain input.
3. Pain input that comes from evaluating the response.   Positive evaluation will correspond to successful implementation of the machines objective.  This will initiate the learning and self organization process.
Machine links not only the original sequences, but creates links between their subsequences by using a sequence reduction procedure that eliminate related subsequences from the original sequence. 
Project 4 

James Graham
In self-organizing networks that are used in the sensory pathway, features can be extracted based only on the inputs received and Hebbian learning with no desired output.  The aim of this assignment is to illustrate how such self-organization may take place using both preset connectivity structure of higher level neurons to its neighbors and correlation based connectivity structure that results form input neurons activity.
1. Apply modified Fritkze’s neural gas algorithm to a selected data base to illustrate self-organization in neural network learning.

2. Show topological structure of neurons before and after self-organization process.

3. Apply self-correlation to a selected image data base in order to determine local interconnection structure in neural network learning.

4. Use the local interconnection structures obtained in p. 3 to build 3 layers of hierarchical self-organizing neural network.
5. Initialize interconnection weights randomly.  Use Hebbian learning to train the interconnection weights for a sequence of images from continuous time observations.  Observe the feature detection properties of the trained network.
6. Repeat 3 - 5 in the higher hierarchy levels.

Please contact me if you are not clear about this assignment.

Project 5 Chris Grimes
Use the weighted least square neural network approach to approximate output function values for selected data sets from UCI database.   Your specific tasks are as follows:

1. Choose a data base for classification from UCI knowledge base repository

http://www.ics.uci.edu/~mlearn/MLRepository.html or http://kdd.ics.uci.edu/
2. Use weighted least square neural network approach to approximate output function values.

3. Optimize the number of inputs using SNRF stop criterion.

4. Optimize the number of hidden layers using SNRF stop criterion.

5. Optimize the number of hidden neurons using SNRF stop criterion.

6. Compare your results with the results from other research work in the literature on the same data basis.  Notice that this point requires that you would first chose the data base for which you can find a reference paper dealing with the same data base.

7. Try your program on several different data sets.
Please contact me if you are not clear about this assignment.

Project 6

 Yiming Huang
Use temporal sequence learning for speech recognition.  This assignment has three parts.  The first one is to recognize individual syllables based on neural networks and input transformation of the speech signals using wavelets or Fourier transform.  The second part is to use sequence learning and prediction mechanism to improve the word recognition level by enhancing individual syllables recognition.  This is done by combining feedforward signals processed by the neural network with the feedback signals received from the sequence prediction mechanism.  Finally, the third part is devoted to expanding your lexicon based on new words learned during the training program.
Part 1. Learning to recognize syllables in English verbs.
1. Create a small data set lexicon of words that you will use for syllable recognition to train on.  
2. Perform Fourier transform of the raw signal data. 

3. Train a neural network using weighted least square approach to recognize individual syllables. 

4. Test the trained lexicon's "Raw Recognition" performance.

Part 2. Using sequence learning to recognize English verbs.
1. Use sequence learning program to recognize lexicon’s words based on the presented partial sequence of syllables.
2. Using the results of sequence recognition, train feedback connections from the output of the sequence recognition network to the output of neural network used for individual syllables recognition, thus completing design of anticipation based syllables recognition.
3. Use signal strength of the matching words in the lexicon for prediction of the next syllables.  At each stage of recognition show signal strength of competing words.

4. Compare anticipation based syllables recognition performance with "Raw Recognition" performance from Part 1.

Part 3.  Learning new verbs.
1. Consider how you would go about teaching the system a few new verbs, which may require adding new sequential memory cells and their anticipation feedback links. 
2. You may need to readjust interconnection weights.  Preferred solution is if you can expand on your lexicon of words without retraining the entire network. 

Project 7

Yinyin Liu
This assignment is to describe the use of efficient neural network based function approximation with optimized interconnect structure, number of hidden layers and number of neurons based on signal to noise ratio figure (SNRF) criterion.  

1. Present weighted least square approach to train multilayer perceptron. 

2. Describe neural network training program and its parameters. 
3. Illustrate the use of this program with an example data base application.

4. Illustrate the case of overfitting in neural network training.

5. Discuss and illustrate the use of signal to noise ratio figure in optimizing number of hidden neurons in a neural network.

6. Illustrate how to combine the weighted least square approach with SNRF criterion.

Project 8

Xinming Yu
This assignment is to develop retina based real time sampling and feature extraction in a visual data path for neural network learning.  The sampling model is based on experimentally measured distribution of rods and cones in human retina.
1. Describe retina model based on the known probability density function of photoreceptors density in the human retina.

2. Describe the process of reverse mapping from a compact input to the neural network back to the sample distribution in the original visual observation field.  Comment on the obtained reduction in the sampling rate used comparing to the full resolution sampling.

3. Illustrate sampling results obtained from full resolution stationary images – show color distribution in the sampled retina images.
4. Develop on-line retina sampling algorithm.  Used data acquisition software in Matlab connected to web camera to capture and sample real time images.
Project 9

Ning Zhou
Use the weighted least square neural network approach to classify a selected data (could be speech recognition waveforms).   Modify SNRF criterion to handle binary noise with a given distribution function as a reference for network optimization in a similar way as explained for function approximation.  Your specific tasks are as follows:

1. Select training and test data sets for classification with Ntr and Nts data points.

2. For each class determine class probability Pc and use it as a basis to generate a random binary distribution.  Use uniform random number generator in [0,1] interval to generate Ntr random values.   For a class probability Pc replace each random number by 1 if it is less than Pc and by -1 if it is greater than Pc to obtain a binary noise for the given class probability.  

3. Compute the signal to noise ratio figure SNRFP for the obtained binary noise ei by using shifted signal correlation: 
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where N is the number of samples in the training set, ek is the kth sample, eki (i=1, 2,...M) is ek’s ith nearest neighbors, M is the number of nearest neighbors used (M could be 1). wki is given as in (2),
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Where 
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and D is the dimensionality of the input space.
4. Use the obtained SNRFP of the binary noise as a stop criterion to find the number of hidden layers in your classifier.  Use the nearest neighbor of each point to compute SNRFS  and compare with standard deviation of SNRFP
5. Compare your results with the results from other research work in literature on the same data basis.  

6. Try your program on several data sets.
Please contact me if you are not clear about this assignment.
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