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# 
x_train = []
y_train = []
for x1 in np.arange(-5, 5, 0.1):
    for x2 in np.arange(-5, 5, 0.1):
        x_train.append([x1, x2])
        y_train.append(np.sin(x1)-np.cos(x2))
x_train = np.array(x_train)
y_train = np.array(y_train)
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# 
x_val = []
y_val = []
for i in range(1000):
    x1 = random.uniform(-5, 5)
    x2 = random.uniform(-5, 5)
    x_val.append([x1, x2])
    y_val.append(np.sin(x1)-np.cos(x2))
x_val = np.array(x_val)
y_val = np.array(y_val)
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import numpy as np
from abc import ABCMeta, abstractmethod

class ActivationFunction:
    ''' '''
    __metaclass__ = ABCMeta

    @abstractmethod
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    def calculate(self, x):
        pass

    @abstractmethod
    def derivative(self, x):
        pass

class ReLU(ActivationFunction):
    '''relu '''

    @classmethod
    def calculate(self, x):
        return np.maximum(x, 0)

    @classmethod
    def derivative(self, x):
        return np.where(x > 0, 1, 0)

class Pureline(ActivationFunction):
    ''' '''

    @classmethod
    def calculate(self, x):
        return x

    @classmethod
    def derivative(self, x):
        return np.ones(shape=x.shape)

MSE
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def mse_loss(y_true, y_pred):
    '''MSE '''
    return ((y_true - y_pred) ** 2).mean()

NeuralNetwork input_size

output_size hidden_size [5,3]
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# 
self.len = len(hidden_size) + 1    # ( )
loc = 0.0
scale = 0.1
# 
self.w = [np.random.normal(loc, scale, size=(input_size, hidden_size[0]))]
self.b = [np.random.normal(loc, scale, size=(hidden_size[0],))]
self.activations = [ReLU]
for i in range(len(hidden_size)-1):
    self.w.append(np.random.normal(loc, scale, size=(hidden_size[i], hidden_size[i+1
    self.b.append(np.random.normal(loc, scale, size=(hidden_size[i+1],)))
    self.activations.append(ReLU)
# 
self.w.append(np.random.normal(loc, scale, size=(hidden_size[-1], output_size)))
self.b.append(np.random.normal(loc, scale, size=(output_size,)))
self.activations.append(Pureline)

0

self.z

self.a

self.delta loss

self.delta_w w batch

self.delta_b b

shufÙe 30

batch_size 10 0.01 self.z self.a
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def shuffle(x, y):
    ''' '''
    xy= np.c_[x,y]
    np.random.shuffle(xy)
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    x = xy[:, :-1]
    y = xy[:, -1]
    return x, y

def train(self, x_train, y_train, x_val, y_val, epochs=30, batch_size=10, lr=0.01):
    ''' '''

    self.validate(0, x_train, y_train, x_val, y_val)

    for epoch in range(epochs):
        x_train_shuffle, y_train_shuffle = shuffle(x_train, y_train)
        batch_count = 0
        for x, y_true in zip(x_train_shuffle, y_train_shuffle):
            # 
            layer_output = x
            for layer in range(0, self.len):
                self.z[layer] = np.matmul(layer_output, self.w[layer]) + self.b[laye
                layer_output = self.activations[layer].calculate(self.z[layer])
                self.a[layer] = layer_output
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# δ
self.delta[-1] = 2 * (self.a[-1] - y_true) * self.activations[-1].derivative(self.z[

# δ
for layer in range(self.len-2, -1, -1):
    self.delta[layer] = np.matmul(self.w[layer + 1], self.delta[layer + 1]) * self.a

# 
last_layer_output = x
for layer in range(self.len):
    self.delta_w[layer] += np.matmul(np.transpose([last_layer_output]), [self.delta[
    self.delta_b[layer] += self.delta[layer]
    last_layer_output = self.a[layer]
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# batch w b
batch_count += 1
if batch_count == batch_size:
    for layer in range(self.len):
        self.w[layer] -= lr * self.delta_w[layer]
        self.b[layer] -= lr * self.delta_b[layer]
        self.delta_w[layer].fill(0)
        self.delta_b[layer].fill(0)
batch_count = 0
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if (epoch + 1) % 3 == 0:
    lr *= 0.9
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def feedforward(self, x):
    ''' '''
    layer_output = x
    for layer in range(0, self.len):
        layer_output = self.activations[layer].calculate((np.matmul(layer_output, se
    return layer_output.squeeze()

def validate(self, epoch, x_train, y_train, x_val, y_val):
    ''' '''
    y_pred_train = self.feedforward(x_train)
    train_loss = mse_loss(y_train, y_pred_train)
    y_pred_val = self.feedforward(x_val)
    val_loss = mse_loss(y_val, y_pred_val)
    self.visualize(epoch, y_pred_train, train_loss, val_loss)
    print("Epoch %d, train loss: %.4f, validation loss: %.4f" % (epoch, train_loss, 
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def visualize(self, epoch, y_pred, train_loss, val_loss):
   ''' '''
    fig = plt.figure()
    ax = fig.gca(projection='3d')
    X = np.arange(-5, 5, 0.1)
    Y = np.arange(-5, 5, 0.1)
    X, Y = np.meshgrid(X, Y)
    Z = y_pred.reshape((100,100))
    surf = ax.plot_surface(X, Y, Z, rstride=1, cstride=1, cmap=cm.jet, linewidth=0, 
    ax.set_zlim(-5, 5)
    ax.zaxis.set_major_locator(LinearLocator(10))
    ax.zaxis.set_major_formatter(FormatStrFormatter('%.02f'))
    ax.set_title('epoch=%d, train loss=%.4f, validation loss=%.4f'% (epoch, train_lo
    fig.colorbar(surf, shrink=0.5, aspect=5)
    plt.savefig('figure/%04d.png' % epoch)
    plt.show()
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