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The goal of this tutorial is to create a Neural Network to perform classification.  This task will simulate analysis and classification of handwritten letters.  We’ll use digital characters with noise added to simulate this, however, as the process of dealing with processing handwriting images, and obtaining enough data will obfuscate the main task at hand.
Our network, once complete, should be able to classify different letters.
First, we’ll write some of the surrounding classes.  We need to be able to obtain a random number between 0 and 1, so will write a singleton pattern class to handle this:
    class RNG
    {
        Random rng;
        private RNG()
        {
            rng = new Random();
        }

        private static RNG inst = null;

        public static RNG Inst()
        {
            if(inst == null)
            {
                inst = new RNG();
            }

            return inst;
        }

        public float GetRandom()
        {
            return (float)rng.NextDouble();
        }
    }














Next, we’ll write the Neuron class.  This will store the output and associated weights:    public class Neuron
    {
        public float[] weights;
        public float output;
    }











Next, we’ll set out the Neural Network Layer class to hold a list of Neurons, with their associated dimensions and weights, setting an initial random weighting:
    class NNLayer
    {
        public Neuron[] nodes;
        int size;
        int weights;

        public NNLayer(int dimension, int num_weights)
        {
            size = dimension;
            weights = num_weights;
            nodes = new Neuron[size];

            for(int i=0;i<size;i++)
            {
                nodes[i] = new Neuron();
            }

            for (int j = 0; j < size; j++)
            {
                nodes[j].weights = new float[weights];
                for (int i = 0; i < weights; i++)
                    nodes[j].weights[i] = 0.5f - RNG.Inst().GetRandom();
            }
        }
        
    }














Next, we’ll create a class to hold our network, which will store some meta information, and an NNLayer for the output and hidden nodes:    class NNWork
    {
        int input_size;
        int output_size;
        int hidden_size;
        NNLayer output_nodes;
        NNLayer hidden_nodes;
        public NNWork(int input, int hidden, int output)
        {
            input_size = input;
            hidden_size = hidden;
            output_size = output;

            hidden_nodes = new NNLayer(hidden_size, input_size);
            output_nodes = new NNLayer(output_size, hidden_size);

        }
...
    }
















We now need 3 methods:
Train
Run
Sigmoid

The sigmoid function is a probabilistic distribution which’ll inform the connections between our nodes:
        float sigmoid(float data)
        {
            return (float)(1.0f / (1.0f + Math.Exp(-data)));
        }
























The training method compares the nosified value to the “correct” pattern, runs the network to check, then adjusts.
        public void Train(float[] data, float[] desired, float max_MSE, float eta)
        {
            float[] output, output_weight_delta, hidden_weight_delta;
            float MSE, MSE_max = max_MSE * 2.0f, sum; // slight speed enhancement
            int i, j, k;

            if (input_size == 0 || hidden_size == 0 || output_size == 0)
            {
                Console.WriteLine("Warning: stupid dimensions. No action taken.");
                return;
            }

            output = new float[output_size];
            output_weight_delta = new float[output_size];
            hidden_weight_delta = new float[hidden_size];

            // Keep going while the Mean Square Error is too high.

            while (true)
            {
                output = run(data);

                // Firstly calculate the output layer error terms

                for (k = 0, MSE = 0; k < output_size; k++)
                {
                    output_weight_delta[k] = desired[k] - output[k];
                    MSE += output_weight_delta[k] * output_weight_delta[k];
                    output_weight_delta[k] *= output[k] * (1 - output[k]);
                }

                if (MSE < MSE_max)
                    break;

                // And the hidden layer error terms

                for (j = 0; j < hidden_size; j++)
                {
                    for (k = 0, sum = 0; k < output_size; k++)
                        sum += output_weight_delta[k] * output_nodes.nodes[k].weights[j];

                    hidden_weight_delta[j] = sum * hidden_nodes.nodes[j].output * (1 - hidden_nodes.nodes[j].output);
                }

                // Now update the output weights.

                for (k = 0; k < output_size; k++)
                    for (j = 0; j < hidden_size; j++)
                        output_nodes.nodes[k].weights[j] += eta * output_weight_delta[k] * hidden_nodes.nodes[j].output;

                // And the hidden weights.

                for (j = 0; j < hidden_size; j++)
                    for (i = 0; i < input_size; i++)
                        hidden_nodes.nodes[j].weights[i] += eta * hidden_weight_delta[j] * data[i];
            }
        }





























The run method traverses the network to find the result for this pattern.


        public float[] run(float[] data )
        {
            int i, j, k;
            float sum;
            float[] result = new float[26];

            if (input_size == 0 || hidden_size == 0 || output_size == 0)
            {
                Console.WriteLine("Warning: stupid dimensions. No action taken.");
                return null;
            }

            for (j = 0; j < hidden_size; j++)
            {
                sum = 0;

                // Calculate the output value

                for (i = 0; i < input_size; i++)
                    sum += hidden_nodes.nodes[j].weights[i] * data[i];

                hidden_nodes.nodes[j].output = sigmoid(sum);
            }

            for (k = 0; k < output_size; k++)
            {
                sum = 0;

                // Calculate the output value

                for (j = 0; j < hidden_size; j++)
                    sum += output_nodes.nodes[k].weights[j] *
                        hidden_nodes.nodes[j].output;

                result[k] = sigmoid(sum);
            }

            return result;
        }




























Next, in the Program class:        static float[,] Alphabet = new float[26, 35] 
        {
            { // A
		        -1, -1, 1, -1, -1,
                -1, 1, -1, 1, -1,
                1, -1, -1, -1, 1,
                1, 1, 1, 1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1
            },{ // B
		        1, 1, 1, 1, -1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, 1, 1, 1, -1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, 1, 1, 1, -1
            },{ // C
		        -1, 1, 1, 1, -1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, 1,
                -1, 1, 1, 1, -1
            },{ // D
		        1, 1, 1, -1, -1,
                1, -1, -1, 1, -1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, 1, -1,
                1, 1, 1, -1, -1
            },{ // E
		        1, 1, 1, 1, 1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, -1,
                1, 1, 1, 1, -1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, -1,
                1, 1, 1, 1, 1
            },{ // F
		        1, 1, 1, 1, 1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, -1,
                1, 1, 1, 1, -1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, -1
            },{ // G
		        -1, 1, 1, 1, -1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, -1,
                1, -1, -1, 1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                -1, 1, 1, 1, -1































            },{ // H
		        1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, 1, 1, 1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1
            },{ // I
		        -1, 1, 1, 1, -1,
                -1, -1, 1, -1, -1,
                -1, -1, 1, -1, -1,
                -1, -1, 1, -1, -1,
                -1, -1, 1, -1, -1,
                -1, -1, 1, -1, -1,
                -1, 1, 1, 1, -1
            },{ // J
		        -1, -1, -1, -1, 1,
                -1, -1, -1, -1, 1,
                -1, -1, -1, -1, 1,
                -1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                -1, 1, 1, 1, -1
            },{ // K
		        1, -1, -1, -1, 1,
                1, -1, -1, 1, -1,
                1, -1, 1, -1, -1,
                1, 1, -1, -1, -1,
                1, -1, 1, -1, -1,
                1, -1, -1, 1, -1,
                1, -1, -1, -1, 1
            },{ // L
		        1, -1, -1, -1, -1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, -1,
                1, 1, 1, 1, 1
            },{ // M
		        1, -1, -1, -1, 1,
                1, 1, -1, 1, 1,
                1, -1, 1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1
            },{ // N
		        1, -1, -1, -1, 1,
                1, 1, -1, -1, 1,
                1, 1, -1, -1, 1,
                1, -1, 1, -1, 1,
                1, -1, -1, 1, 1,
                1, -1, -1, 1, 1,
                1, -1, -1, -1, 1































            },{ // O
		        -1, 1, 1, 1, -1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                -1, 1, 1, 1, -1
            },{ // P
		        1, 1, 1, 1, -1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, 1, 1, 1, -1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, -1,
                1, -1, -1, -1, -1
            },{ // Q
		        -1, 1, 1, 1, -1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, 1, -1, 1,
                1, -1, -1, 1, 1,
                1, -1, -1, -1, 1,
                -1, 1, 1, 1, 1
            },{ // R
		        1, 1, 1, 1, -1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, 1, 1, 1, -1,
                1, -1, 1, -1, -1,
                1, -1, -1, 1, -1,
                1, -1, -1, -1, 1
            },{ // S
		        -1, 1, 1, 1, -1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, -1,
                1, 1, 1, 1, -1,
                -1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                -1, 1, 1, 1, -1
            },{ // T
		        1, 1, 1, 1, 1,
                -1, -1, 1, -1, -1,
                -1, -1, 1, -1, -1,
                -1, -1, 1, -1, -1,
                -1, -1, 1, -1, -1,
                -1, -1, 1, -1, -1,
                -1, -1, 1, -1, -1
            },{ // U
		        1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                -1, 1, 1, 1, -1































            },{ // V
		        1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                -1, 1, -1, 1, -1,
                -1, 1, -1, 1, -1,
                -1, 1, -1, 1, -1,
                -1, -1, 1, -1, -1
            },{ // W
		        1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                1, -1, 1, -1, 1,
                1, 1, -1, 1, 1,
                1, -1, -1, -1, 1
            },{ // X
		        1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                -1, 1, -1, 1, -1,
                -1, -1, 1, -1, -1,
                -1, 1, -1, 1, -1,
                1, -1, -1, -1, 1,
                1, -1, -1, -1, 1
            },{ // Y
		        1, -1, -1, -1, 1,
                1, -1, -1, -1, 1,
                -1, 1, -1, 1, -1,
                -1, -1, 1, -1, -1,
                -1, -1, 1, -1, -1,
                -1, -1, 1, -1, -1,
                -1, -1, 1, -1, -1
            },{ // Z
		        1, 1, 1, 1, 1,
                -1, -1, -1, -1, 1,
                -1, -1, -1, 1, -1,
                -1, -1, 1, -1, -1,
                -1, 1, -1, -1, -1,
                1, -1, -1, -1, -1,
                1, 1, 1, 1, 1
            }
        };































This method applies noise to a character, based on the value of “range”.
        static float[] Noisify(float[] data, float range)
        {
            for(int i=0;i<data.Length;i++)
            {
                data[i] += (range - 2 * range * RNG.Inst().GetRandom());
            }

            return data;
        }
       static void WriteCharacter(float[] dat)
        {
            for (int i = 0; i < 35; i++)
            {
                if (i % 5 == 0)
                {
                    Console.Write("\n");
                }

                if (dat[i] >= 1)
                {
                    Console.Write("#");
                }
                else
                {
                    Console.Write(" ");
                }
            }
        }































        static void Main(string[] args)
        {
            NNWork brain = new NNWork(35, 100, 26);

            int N = 0;
            float[] result = new float[26];
            float[] data = new float[35];

            for (int i = 1; i < 26; i++)
                result[i] = 0.1f;

            for (int i=0;i<1000;i++)
            {
                if (N == 26)
                {
                    N--;
                }

                result[N] = 0.9f;

                for(int j=0;j<35;j++)
                {
                    data[j] = Alphabet[N, j];
                }

                data = Noisify(data, 1.0f);
                brain.Train(data, result, 0.000001f, 0.3f);

                result[N] = 0.1f;

                if (i % 10 == 0)
                    Console.WriteLine("Trained run number " + i);
                N = (int)(26.0 * RNG.Inst().GetRandom());
                Console.WriteLine("N is " + N);
            }

            while(true)
            {
                Char character;

                Console.WriteLine("Choose a letter (A-Z)");
                if(!Char.TryParse(Console.ReadLine(), out character))
                {
                    Console.WriteLine("Could not convert to character.");
                    continue;
                }

                if(!((character >= 'A' && character <= 'Z') || (character >= 'a' && character <= 'z')))
                {
                    Console.WriteLine("Not a valid character.");
                    continue;
                }

                character = Char.ToUpper(character);

                for (int j = 0; j < 35; j++)
                {
                    data[j] = Alphabet[character - 'A', j];
                }































                Console.WriteLine("Max. amplitude of additive noise (suggest 1.5, i.e. +1.5 -> -1.5)?");

                float range;

                if (!float.TryParse(Console.ReadLine(), out range))
                {
                    Console.WriteLine("Could not convert to float.");
                    continue;
                }

                data = Noisify(data, range);

                Console.WriteLine("Nosified data: ");

                WriteCharacter(data);

                result = brain.run(data);

                float max = 0.0f;
                int max_idx = 0;

                for (int i = 0; i < 26; i++)
                {
                    if (result[i] > max)
                    {
                        max = result[i];
                        max_idx = i;
                    }
                }

                Console.WriteLine("Best match: " + (char)('A' + max_idx));
            }     
        }


















And finally a method to print a character.
       static void WriteCharacter(float[] dat)
        {
            for (int i = 0; i < 35; i++)
            {
                if (i % 5 == 0)
                {
                    Console.Write("\n");
                }

                if (dat[i] >= 1)
                {
                    Console.Write("#");
                }
                else
                {
                    Console.Write(" ");
                }
            }
        }











Exercises
1) Parallelise the training process.  Make sure you use appropriate synchronisation to avoid race conditions, the ABA problem etc.  Look up the term “re-entrant”.  This step will be quite important for step 3.  Also, module crossover! 
2) Write a test framework – generate a range of nosified characters, test them against a trained network, and keep an overall “score” of the accuracy.
3) [bookmark: _GoBack]Test the network with a range of training epochs.  You should run 10, 100, 1000, 10,000, 100,000 for each 0.5, 1.5 and 2.5 noise ranges – this should inform why parallelism was necessary.  You may need to leave the last one(s) run for some time.
a. Plot a graph to demonstrate the accuracy for a range of noise values.
b. Can this network be over-trained?  Why?





