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ДОДАТОК А

Програмний код
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package WEKA.classifiers.functions;

import lombok.*;
import org.apache.commons.io.output.*;
import org.apache.commons.lang3.time.StopWatch;
import org.deeplearning4j.*;
import WEKA.classifiers.*;
import WEKA.core.*;
import WEKA.dl4j.*;
import WEKA.filters.*;

/**
 * A wrapper for DeepLearning4j that can be used to train a multi-

layer perceptron.
 */
@Log4j2
@Data
public class Dl4jMlpClassifier extends RandomizableClassifier
    implements  BatchPredictor,  CapabilitiesHandler,

IterativeClassifier {
  /**
   * The ID used for serializing this class.
   */
  private static final long serialVersionUID = -6363254116597574265L;
  /**
   * filter: Normalize training data
   */
  public static final int FILTER_NORMALIZE = 0;
  /**
   * filter: Standardize training data
   */
  public static final int FILTER_STANDARDIZE = 1;
  /**
   * filter: No normalization/standardization
   */
  public static final int FILTER_NONE = 2;
  /**
   * The filter to apply to the training data
   */
  public static final Tag[] TAGS_FILTER = {
      new Tag(FILTER_NORMALIZE, "Normalize training data"),
      new Tag(FILTER_STANDARDIZE, "Standardize training data"),
      new Tag(FILTER_NONE, "No normalization/standardization"),
  };
  /**
   * Filter used to replace missing values.
   */
  protected ReplaceMissingValues replaceMissingFilter;
  /**
   * Filter used to normalize or standardize the data.
   */
  protected Filter filter;
  /**
   * Filter used to convert nominal attributes to binary numeric

attributes.
   */
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  protected NominalToBinary nominalToBinaryFilter;
  /**
   * ZeroR classifier, just in case we don’t actually have any data

to train a network.
   */
  protected ZeroR zeroR;
  /**
   * The actual neural network model.
   */
  protected transient ComputationGraph model;
  /**
   * The model zoo model.
   */
  protected ZooModel zooModel = new CustomNet();
  /**
   * The size of the serialized network model in bytes.
   */
  protected long modelSize;
  /**
   * The layers of the network.
   */
  protected  transient  Layer[]  layers  =  new  Layer[]{new

OutputLayer()};
  /**
   * The configuration of the network.
   */
  protected  NeuralNetConfiguration  netConfig  =  new

NeuralNetConfiguration();
  /**
   * The configuration for early stopping.
   */
  protected EarlyStopping earlyStopping = new EarlyStopping();
  /**
   * The number of epochs to perform.
   */
  protected int numEpochs = 10;
  /** The current upper bound for the number of epochs */
  protected int maxEpochs = 0;
  /**
   * The total number of epochs that have been performed.
   */
  protected int numEpochsPerformed;

  /** The number of epochs performed in this session of iterating */
  protected int numEpochsPerformedThisSession;
  /**
   * The dataset trainIterator.
   */
  protected transient DataSetIterator trainIterator;
  /**
   * The training instances (set to null when done() is called).
   */
  protected Instances trainData;
  /**
   * The instance iterator to use.
   */
  protected  AbstractInstanceIterator  instanceIterator  =  new

DefaultInstanceIterator();
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  /**
   *  Queue  size  for  AsyncDataSetIterator  (if  <  1,

AsyncDataSetIterator is not used)
   */
  protected int queueSize = 0;
  /**
   * Whether to normalize/standardize/neither
   */
  protected int filterType = FILTER_STANDARDIZE;
  /**
   * Coefficient x0 used for normalizing the class
   */
  protected double x0 = 0.0;
  /**
   * Coefficient x1 used for normalizing the class
   */
  protected double x1 = 1.0;
  /**
   * Caching mode to use for loading data
   */
  protected CacheMode cacheMode = CacheMode.MEMORY;
  /**
   * Training listener list
   */
  protected TrainingListener iterationListener = new EpochListener();
  /**
   * Flag indicating if initialization is finished.
   */
  protected boolean isInitializationFinished = false;
  /**
   * List of indices to store the label order.
   */
  protected int[] labelSortIndex;
  /**
   * Logging configuration.
   */
  protected LogConfiguration logConfig = new LogConfiguration();
  /**
   * Whether to allow training to continue at a later point after the

initial
   * model is built.
   */
  protected boolean resume;
  /**
   * The main method for running this class.
   *
   * @param argv the command-line arguments
   */
  public static void main(String[] argv) {
    runClassifier(new Dl4jMlpClassifier(), argv);
  }

  /**
  /**
   * Custom serialization method.
   *
   * @param oos the object output stream
   */



88
  private void writeObject(ObjectOutputStream oos) throws IOException

{
    // figure out size of the written network
    CountingOutputStream  cos  =  new  CountingOutputStream(new

NullOutputStream());
    if (isInitializationFinished) {
      ModelSerializer.writeModel(model, cos, false);
    }
    modelSize = cos.getByteCount();

    // default serialization
    oos.defaultWriteObject();

    // Write layer configurations
    String[] layerConfigs = new String[layers.length];
    for (int i = 0; i < layers.length; i++) {
      layerConfigs[i]  =  layers[i].getClass().getName()  +  "::"  +

WEKA.core.Utils
          .joinOptions(layers[i].getOptions());
    }
    oos.writeObject(layerConfigs);

    // actually write the network
    if (isInitializationFinished) {
      ModelSerializer.writeModel(model, oos, false);
    }
  }
  /**
   * Check if a given layer is a convolutional/subsampling layer
   *
   * @param layer Layer to check
   * @return True if layer is convolutional/subsampling
   */
  protected boolean isNDLayer(Layer layer) {
    return layer instanceof ConvolutionLayer || layer instanceof

SubsamplingLayer;
  }

  /**
   * Check if layer names are duplicate. If so, correct them by

appending indices
   *
   * @param layers Array of network layer
   */
  protected void fixDuplicateLayerNames(Layer[] layers) {
    Set<String>  names  =

Arrays.stream(layers).map(Layer::getLayerName).collect(Collectors.toSet());

    for (String name : names) {
      // Find duplicates with the same name
      List<Layer> duplicates =
          Arrays.stream(layers)
              .filter(l -> name.equals(l.getLayerName()))
              .collect(Collectors.toList());

      // If no duplicates were found, continue
      if (duplicates.size() == 1) {
        continue;
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      }

      // For each duplicate add an index
      for (int i = 0; i < duplicates.size(); i++) {
        duplicates.get(i).setLayerName(name + " " + (i + 1));
      }
    }
  }
  /**
   * Store the label sort index for mapping WEKA-labels to resorted

dl4j-labels.
   *
   * @param data Input data
   */
  protected void saveLabelSortIndex(Instances data) {
    if (data.classAttribute().isNominal()) {
      // Save Label order as DL4J automatically sorts them
      List<String> labels = new ArrayList<>();
      int numClassValues = data.classAttribute().numValues();
      for (int i = 0; i < numClassValues; i++) {
        labels.add(data.classAttribute().value(i));
      }
      List<String> labelsSorted = new ArrayList<>(labels);
      Collections.sort(labelsSorted);
      labelSortIndex = new int[numClassValues];

      for (int i = 0; i < numClassValues; i++) {
        String label = labels.get(i);
        int sortedIndex = labelsSorted.indexOf(label);
        labelSortIndex[i] = sortedIndex;
      }
    }
  }

  /**
   * Initialize early stopping with the given data
   *
   * @param data Data
   * @return Augmented data - if early stopping applies, return train

set without validation set
   */
  protected  Instances  initEarlyStopping(Instances  data)  throws

Exception {
    // Split train/validation
    double valSplit = earlyStopping.getValidationSetPercentage();
    Instances trainData;
    Instances valData;
    if (useEarlyStopping()) {
      // Split in train and validation
      Instances[] insts = splitTrainVal(data, valSplit);
      trainData = insts[0];
      valData = insts[1];
      validateSplit(trainData, valData);
      DataSetIterator  valIterator  =  getDataSetIterator(valData,

cacheMode, "val");
      earlyStopping.init(valIterator);
    } else {
      // Keep the full data
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      trainData = data;
    }

    return trainData;
  }

  /**
   * Validate a data split of train and validation data
   *
   * @param trainData Training data
   * @param valData Validation data
   * @throws WEKAException Invalid validation split
   */
  protected  void  validateSplit(Instances  trainData,  Instances

valData) throws WEKAException {
    if (earlyStopping.getValidationSetPercentage() < 10e-8) {
      // Use no validation set at all
      return;
    }
    int classIndex = trainData.classIndex();
    int  valDataNumDinstinctClassValues  =

valData.numDistinctValues(classIndex);
    int  trainDataNumDistinctClassValues  =

trainData.numDistinctValues(classIndex);
    if (trainData.numClasses() > 1
        &&  valDataNumDinstinctClassValues  !=

trainDataNumDistinctClassValues) {
      throw new InvalidValidationPercentageException(
          "The validation data did not contain the same classes as

the training data. "
              + "You should increase the validation percentage in the

EarlyStopping configuration.");
    }
  }
  /**
   * Apply WEKA filter preprocessing to the input data.
   *
   * @param data Data as WEKA instances
   * @return Preprocessed instances
   * @throws Exception Preprocessing failed
   */
  protected  Instances  preProcessInput(Instances  data)  throws

Exception {
    // Remove instances with missing class and check that instances

and
    // predictor attributes remain.
    data = new Instances(data);
    data.deleteWithMissingClass();
    zeroR = null;
    int numSamples = data.numInstances();
    if (numSamples == 0 || data.numAttributes() < 2) {
      zeroR = new ZeroR();
      zeroR.buildClassifier(data);
      return null;
    }

    // Retrieve two different class values used to determine filter
    // transformation
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    double y0 = data.instance(0).classValue();
    int index = 1;
    while (index < numSamples && data.instance(index).classValue() ==

y0) {
      index++;
    }
    if (index == numSamples) {
      // degenerate case, all class values are equal
      // we don’t want to deal with this, too much hassle
      throw new Exception(
          "All class values are the same. At least two class values

should be different");
    }
    double y1 = data.instance(index).classValue();

    // Init and apply the filters
    data = initFilters(data);

    double z0 = data.instance(0).classValue();
    double z1 = data.instance(index).classValue();
    x1 = (y0 - y1) / (z0 - z1); // no division by zero, since y0 !=

y1
    // guaranteed => z0 != z1 ???
    x0 = (y0 - x1 * z0); // = y1 - x1 * z1

    // Randomize the data, just in case
    Random rand = new Random(getSeed());
    data.randomize(rand);
    return data;
  }

  /**
   * Initialize {@link ReplaceMissingValues}, {@link NominalToBinary}

and {@link Standardize} or
   * {@link Normalize} filters
   *
   * @param data Input data to set the input formal of the filters
   * @return Transformed data
   * @throws Exception Filter can not be initialized
   */
  protected Instances initFilters(Instances data) throws Exception {
    // Replace missing values
    replaceMissingFilter = new ReplaceMissingValues();
    replaceMissingFilter.setInputFormat(data);
    data = Filter.useFilter(data, replaceMissingFilter);

    // Replace nominal attributes by binary numeric attributes.
    nominalToBinaryFilter = new NominalToBinary();
    nominalToBinaryFilter.setInputFormat(data);
    data = Filter.useFilter(data, nominalToBinaryFilter);

    // Standardize or normalize (as requested), including the class

    if (filterType == FILTER_STANDARDIZE) {
      filter = new Standardize();
      filter.setOptions(new String[]{"-unset-class-temporarily"});
      filter.setInputFormat(data);
      data = Filter.useFilter(data, filter);
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    } else if (filterType == FILTER_NORMALIZE) {
      filter = new Normalize();
      filter.setOptions(new String[]{"-unset-class-temporarily"});
      filter.setInputFormat(data);
      data = Filter.useFilter(data, filter);
    } else {
      filter = null;
    }

    return data;
  }

  /**
   * Build the multilayer network defined by the networkconfiguration

and the list of layers.
   */
  protected void createModel() throws Exception {
    final INDArray features = getFirstBatchFeatures(trainData);
    ComputationGraphConfiguration.GraphBuilder gb =
        netConfig.builder().seed(getSeed()).graphBuilder();

    // Set ouput size
    final Layer lastLayer = layers[layers.length - 1];
    final int nOut = trainData.numClasses();
    if (lastLayer instanceof FeedForwardLayer) {
      ((FeedForwardLayer) lastLayer).setNOut(nOut);
    }

    if  (getInstanceIterator()  instanceof
CnnTextEmbeddingInstanceIterator) {

      makeCnnTextLayerSetup(gb);
    } else {
      makeDefaultLayerSetup(gb);
    }

    gb.setInputTypes(InputType.inferInputType(features));
    ComputationGraphConfiguration  conf  =

gb.pretrain(false).backprop(true).build();
    ComputationGraph model = new ComputationGraph(conf);
    model.init();
    this.model = model;
  }

  /**
   * Returns the activations at a certain
   *
   * @param layerName Layer name to get the activations from
   * @return Activations in form of instances
   */
  public Instances getActivationsAtLayer(String layerName, Instances

input) throws Exception {
    DataSetIterator iter = getDataSetIterator(input);
    iter.reset();
    DataSet next;
    INDArray acts = null;
    while (iter.hasNext()) {
      next = iter.next();
      INDArray features = next.getFeatures();
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      int layerIdx = model.getLayer(layerName).getIndex() - 1;
      Map<String, INDArray> activations = model.feedForward(features,

layerIdx, false);
      INDArray activationAtLayer = activations.get(layerName);

      if (acts == null) {
        acts = activationAtLayer;
      } else {
        acts = Nd4j.concat(0, acts, activationAtLayer);
      }
    }

    if (acts == null) {
      return new Instances(input, 0);
    } else {
      return Utils.ndArrayToInstances(acts);
    }
  }
}
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ДОДАТОК Б 

Слайди презентації
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ДОДАТОК В 

Апробація результатів роботи
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Подано тези доповіді на Міжнародний молодіжний форум «Радіоелектроніка і

молодь в ХХІ сторіччі
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