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import torch 

import torch.nn as nn 

from torch.utils.data import DataLoader 

import torchvision.transforms as transforms 

import torchvision.datasets 

from bokeh.plotting import figure 

from bokeh.io import show 

from bokeh.models import LinearAxis, Range1d 

import numpy as np 

 

 

# Hyperparameters 

num_epochs = 6 

num_classes = 10 

batch_size = 100 

learning_rate = 0.001 

 

DATA_PATH = '\PycharmProjects\MNISTData' 

MODEL_STORE_PATH = '\PycharmProjects\pytorch_models\\' 

 

# transforms to apply to the data 

trans = transforms.Compose([transforms.ToTensor(), transforms.Normalize((0.1307,), 

(0.3081,))]) 

 

# MNIST dataset 

train_dataset = torchvision.datasets.MNIST(root=DATA_PATH, train=True, 

transform=trans, download=True) 

test_dataset = torchvision.datasets.MNIST(root=DATA_PATH, train=False, 

transform=trans) 

 

# Data loader 

train_loader = DataLoader(dataset=train_dataset, batch_size=batch_size, shuffle=True) 

test_loader = DataLoader(dataset=test_dataset, batch_size=batch_size, shuffle=False) 

 

# Convolutional neural network (two convolutional layers) 

class ConvNet(nn.Module): 

    def __init__(self): 

        super(ConvNet, self).__init__() 

        self.layer1 = nn.Sequential( 

            nn.Conv2d(1, 32, kernel_size=5, stride=1, padding=2), 

            nn.ReLU(), 

            nn.MaxPool2d(kernel_size=2, stride=2)) 

        self.layer2 = nn.Sequential( 

            nn.Conv2d(32, 64, kernel_size=5, stride=1, padding=2), 

            nn.ReLU(), 

            nn.MaxPool2d(kernel_size=2, stride=2)) 

        self.drop_out = nn.Dropout() 
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        self.fc1 = nn.Linear(7 * 7 * 64, 1000) 

        self.fc2 = nn.Linear(1000, 10) 

 

    def forward(self, x): 

        out = self.layer1(x) 

        out = self.layer2(out) 

        out = out.reshape(out.size(0), -1) 

        out = self.drop_out(out) 

        out = self.fc1(out) 

        out = self.fc2(out) 

        return out 

 

 

model = ConvNet() 

 

# Loss and optimizer 

criterion = nn.CrossEntropyLoss() 

optimizer = torch.optim.Adam(model.parameters(), lr=learning_rate) 

 

# Train the model 

total_step = len(train_loader) 

loss_list = [] 

acc_list = [] 

for epoch in range(num_epochs): 

    for i, (images, labels) in enumerate(train_loader): 

        # Run the forward pass 

        outputs = model(images) 

        loss = criterion(outputs, labels) 

        loss_list.append(loss.item()) 

 

        # Backprop and perform Adam optimisation 

        optimizer.zero_grad() 

        loss.backward() 

        optimizer.step() 

 

        # Track the accuracy 

        total = labels.size(0) 

        _, predicted = torch.max(outputs.data, 1) 

        correct = (predicted == labels).sum().item() 

        acc_list.append(correct / total) 

 

        if (i + 1) % 100 == 0: 

            print('Epoch [{}/{}], Step [{}/{}], Loss: {:.4f}, Accuracy: {:.2f}%' 

                  .format(epoch + 1, num_epochs, i + 1, total_step, loss.item(), 

                          (correct / total) * 100)) 

 

# Test the model 

model.eval() 

with torch.no_grad(): 
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    correct = 0 

    total = 0 

    for images, labels in test_loader: 

        outputs = model(images) 

        _, predicted = torch.max(outputs.data, 1) 

        total += labels.size(0) 

        correct += (predicted == labels).sum().item() 

 

    print('Test Accuracy of the model on the 10000 test images: {} %'.format((correct / 

total) * 100)) 

 

# Save the model and plot 

torch.save(model.state_dict(), MODEL_STORE_PATH + 'conv_net_model.ckpt') 

 

p = figure(y_axis_label='Loss', width=850, y_range=(0, 1), title='PyTorch ConvNet 

results') 

p.extra_y_ranges = {'Accuracy': Range1d(start=0, end=100)} 

p.add_layout(LinearAxis(y_range_name='Accuracy', axis_label='Accuracy (%)'), 'right') 

p.line(np.arange(len(loss_list)), loss_list) 

p.line(np.arange(len(loss_list)), np.array(acc_list) * 100, y_range_name='Accuracy', 

color='red') 

show(p) 

 

def convert_y_to_vect(y): 

    y_vect = np.zeros((len(y), 10)) 

    for i in range(len(y)): 

        y_vect[i, y[i]] = 1 

    return y_vect 

 

 

def f(x): 

    return 1 / (1 + np.exp(-x)) 

 

 

def f_deriv(x): 

    return f(x) * (1 - f(x)) 

 

 

def setup_and_init_weights(nn_structure): 

    W = {} 

    b = {} 

    for l in range(1, len(nn_structure)): 

        W[l] = r.random_sample((nn_structure[l], nn_structure[l-1])) 

        b[l] = r.random_sample((nn_structure[l],)) 

    return W, b 

 

 

def init_tri_values(nn_structure): 

    tri_W = {} 
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    tri_b = {} 

    for l in range(1, len(nn_structure)): 

        tri_W[l] = np.zeros((nn_structure[l], nn_structure[l-1])) 

        tri_b[l] = np.zeros((nn_structure[l],)) 

    return tri_W, tri_b 

 

 

def feed_forward(x, W, b): 

    h = {1: x} 

    z = {} 

    for l in range(1, len(W) + 1): 

        # if it is the first layer, then the input into the weights is x, otherwise, 

        # it is the output from the last layer 

        if l == 1: 

            node_in = x 

        else: 

            node_in = h[l] 

        z[l+1] = W[l].dot(node_in) + b[l] # z^(l+1) = W^(l)*h^(l) + b^(l) 

        h[l+1] = f(z[l+1]) # h^(l) = f(z^(l)) 

    return h, z 

 

 

def calculate_out_layer_delta(y, h_out, z_out): 

    # delta^(nl) = -(y_i - h_i^(nl)) * f'(z_i^(nl)) 

    return -(y-h_out) * f_deriv(z_out) 

 

 

def calculate_hidden_delta(delta_plus_1, w_l, z_l): 

    # delta^(l) = (transpose(W^(l)) * delta^(l+1)) * f'(z^(l)) 

    return np.dot(np.transpose(w_l), delta_plus_1) * f_deriv(z_l) 

 

 

def train_nn(nn_structure, X, y, iter_num=3000, alpha=0.25): 

    W, b = setup_and_init_weights(nn_structure) 

    cnt = 0 

    m = len(y) 

    avg_cost_func = [] 

    print('Starting gradient descent for {} iterations'.format(iter_num)) 

    while cnt < iter_num: 

        if cnt%1000 == 0: 

            print('Iteration {} of {}'.format(cnt, iter_num)) 

        tri_W, tri_b = init_tri_values(nn_structure) 

        avg_cost = 0 

        for i in range(len(y)): 

            delta = {} 

            # perform the feed forward pass and return the stored h and z values, to be used in 

the 

            # gradient descent step 

            h, z = feed_forward(X[i, :], W, b) 
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            # loop from nl-1 to 1 backpropagating the errors 

            for l in range(len(nn_structure), 0, -1): 

                if l == len(nn_structure): 

                    delta[l] = calculate_out_layer_delta(y[i,:], h[l], z[l]) 

                    avg_cost += np.linalg.norm((y[i,:]-h[l])) 

                else: 

                    if l > 1: 

                        delta[l] = calculate_hidden_delta(delta[l+1], W[l], z[l]) 

                    # triW^(l) = triW^(l) + delta^(l+1) * transpose(h^(l)) 

                    tri_W[l] += np.dot(delta[l+1][:,np.newaxis], np.transpose(h[l][:,np.newaxis])) 

                    # trib^(l) = trib^(l) + delta^(l+1) 

                    tri_b[l] += delta[l+1] 

        # perform the gradient descent step for the weights in each layer 

        for l in range(len(nn_structure) - 1, 0, -1): 

            W[l] += -alpha * (1.0/m * tri_W[l]) 

            b[l] += -alpha * (1.0/m * tri_b[l]) 

        # complete the average cost calculation 

        avg_cost = 1.0/m * avg_cost 

        avg_cost_func.append(avg_cost) 

        cnt += 1 

    return W, b, avg_cost_func 

 

 

def predict_y(W, b, X, n_layers): 

    m = X.shape[0] 

    y = np.zeros((m,)) 

    for i in range(m): 

        h, z = feed_forward(X[i, :], W, b) 

        y[i] = np.argmax(h[n_layers]) 

    return y 

 

 

if __name__ == "__main__": 

    # load data and scale 

    digits = load_digits() 

    X_scale = StandardScaler() 

    X = X_scale.fit_transform(digits.data) 

    y = digits.target 

    X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.4) 

    # convert digits to vectors 

    y_v_train = convert_y_to_vect(y_train) 

    y_v_test = convert_y_to_vect(y_test) 

    # setup the NN structure 

    nn_structure = [64, 30, 10] 

    # train the NN 

    W, b, avg_cost_func = train_nn(nn_structure, X_train, y_v_train) 

    # plot the avg_cost_func 

    plt.plot(avg_cost_func) 

    plt.ylabel('Average J') 
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    plt.xlabel('Iteration number') 

    plt.show() 

    # get the prediction accuracy and print 

    y_pred = predict_y(W, b, X_test, 3) 

    print('Prediction accuracy is {}%'.format(accuracy_score(y_test, y_pred) * 100)) 
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Додаток Г 

Відомість атестаційної роботи 

 

ГЮИК. 506190.007 ДЗ 

(позначення документу) 
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№ Позначення Найменування 
Додаткові  

відомості 

  Текстові документи  

1. ГЮИК. 506190.007 ПЗ Пояснювальна записка 65 стор. 

2. ГЮИК. 506190.007 Специфікація 1 стор  

3. ГЮИК. 506190.007 -01 12 01 Текст програми 5 стор. 

    

  Графічні документи  

4.  Актуальність 2 аркуша 

5.  Мета, об’єкт, предмет 1 аркуш 

6.  Постановка задачі 2 аркуші 

7.  Загальна діаграма прецедентів 1 аркуш 

8.  Контекстна діаграма системи 1 аркуш 

9.  Декомпозиція контекстної 1 аркуш 

  діаграми  

10.  Діаграма потоків даних  1 аркуш 

11.  Декомпозиція діаграми 1 аркуш 

  потоків даних  

12.  ER-діаграма бази даних  1 аркуш 

13.  Мат. методи розрахунку 2 аркуші 

  Поточного ПЕБ  

14.  Результати оптимізації 1 аркуш 

15.  Алгоритм навчання ШНМ 1 аркуш 

16.  Ефективність алгоритму навчання 1 аркуш 

17.  Висновки 2 аркуші 

    

    

     
ГЮИК. 506190.007 Д3 

Змін. Арк.. № докум Підп. Дата 

Розроб. Пуговкін М.А.   Дослідження та розробка 

інформаційної системи 

управління паливно-

енергетичним балансом 

регіону 

 
Арку

ш 
Аркушів 

Перевір. Решетнік В.М.      1 1 

Н. Контр. Решетнік В.М.   ХНУРЕ  

Кафедра СТ Затв. Гребеннік І.В.   

 


