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def generate time series(batch size, n steps):
freql, freq2, offsetsl, offsets2 = np.random.rand(4, batch size, 1)
time = np.linspace(0, 1, n steps)

series = 0.5 * np.sin((time - offsetsl) * (freql * 10 + 10)) # It
series += 0.2 * np.sin((time - offsets2) * (freq2 * 20 + 20)) # + L=
series += 0.1 * (np.random.rand(batch size, n steps) - 0.5) # + &=

return series[..., np.newaxis].astype(np.float32)
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n _steps = 50

series = generate time series (10000, n steps + 1)

X train, y train = series[:7000, :n steps], series[:7000, -1]

X valid, y valid = series[7000:9000, :n_steps], series[7000:9000, -1]
X test, y test = series[9000:, :n steps], series[9000:, -1]
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y pred = X valid[:, -1]
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model = keras.models.Sequential([
keras.layers.Flatten(input shape=[50, 11]),
keras.layers.Dense(1)

1)

model.compile(loss="mse", optimizer="adam")
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model = keras.models.Sequential([
keras.layers.SimpleRNN(1l, input shape=[None, 1])
1)

optimizer = keras.optimizers.Adam(lr=0.005)
model.compile(loss="mse", optimizer=optimizer)
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model = keras.models.Sequential([
keras.layers.SimpleRNN(20, return sequences=True, input shape=[None, 11]),
keras.layers.SimpleRNN(20, return sequences=True),
keras.layers.SimpleRNN(1)

1)

model.compile(loss="mse", optimizer="adam")
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model = keras.models.Sequential([
keras.layers.SimpleRNN(20, return sequences=True, input shape=[None, 11]),
keras.layers.SimpleRNN(20),
keras.layers.Dense(1l)

1)

model.compile(loss="mse", optimizer="adam")
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series = generate time series(l, n _steps + 10)

X new, Y new = series[:, :n_steps], series[:, n_steps:]

X = X _new

for step ahead in range(10):
y _pred one = model.predict(X[:, step ahead:])[:, np.newaxis,
X = np.concatenate([X, y pred one], axis=1)
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n_steps = 50

series = generate time series (10000, n steps + 10)

X train, Y train = series[:7000, :n steps], series[:7000, -10:, 0]

X valid, Y valid = series[7000:9000, :n steps], series[7000:9000, -10:, O]
X test, Y test = series[9000:, :n steps], series[9000:, -10:, 0]
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model = keras.models.Sequential([
keras.layers.SimpleRNN(20, return sequences=True, input shape=[None, 11]),
keras.layers.SimpleRNN(20),
keras.layers.Dense(10)

1)

model.compile(loss="mse", optimizer="adam")
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n _steps = 50

series = generate time series (10000, n steps + 10)
X train = series[:7000, :n_steps]

X valid series[7000:9000, :n_ steps]

X test = series[9000:, :n steps]

# 2 EfQIAHI0) Cfst ERZIZES 10744 A
Y = np.empty((10000, n steps, 10))
for step ahead in range(l, 10 + 1):

Y[..., step ahead - 1] = series[..., step ahead:step ahead + n_steps,

Y train = Y[:7000]
Y valid = Y[7000:9000]
Y test = Y[9000:]
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model = keras.models.Sequential([
keras.layers.SimpleRNN(20, return sequences=True, input shape=[None, 1]),
keras.layers.SimpleRNN(20, return sequences=True),
keras.layers.TimeDistributed(keras.layers.Dense(10))

1)

def last time step mse(Y true, Y pred):
return keras.metrics.mean squared error(Y true[:, -1], Y pred[:, -1])

model.compile(loss="mse", optimizer=keras.optimizers.Adam(lr=0.01), metrics=[last
_time step mse])
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class LNSimpleRNNCell (keras.layers.Layer):
def init (self, units, activation="tanh", #**kwargs):
super (). init (**kwargs)
self.state size = units
self.output size = units
self.simple rnn cell = keras.layers.SimpleRNNCell(units,

ste{H ozl 22

st
=

g7t

activation=None)

self.layer norm = LayerNormalization()
self.activation = keras.activations.get(activation)

def get initial state(self, inputs=None, batch size=None, dtype=None):

if inputs is not None:
batch size = tf.shape(inputs)[0]
dtype = inputs.dtype

return [tf.zeros([batch size, self.state size], dtype=dtype) ]

def call(self, inputs, states):
outputs, new states = self.simple rnn cell(inputs, states)
norm outputs = self.activation(self.layer norm(outputs))
return norm outputs, [norm outputs]
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model = keras.models.Sequential([
keras.layers.RNN(LNSimpleRNNCell(20), return sequences=True,
input shape=[None, 11]),
keras.layers.RNN(LNSimpleRNNCell(20), return sequences=True),
keras.layers.TimeDistributed(keras.layers.Dense(10))

1)

model.compile(loss="mse", optimizer="adam", metrics=[last time step mse])
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model = keras.models.Sequential([
keras.layers.LSTM(20, return sequences=True, input shape=[None,

keras.layers.LSTM(20, return sequences=True),

keras.layers.TimeDistributed(keras.layers.Dense(10))

1)
model.compile(loss="mse", optimizer="adam", metrics=[last time step mse])
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model = keras.models.Sequential([
keras.layers.GRU(20, return sequences=True, input shape=[None, 1]),
keras.layers.GRU(20, return sequences=True),
keras.layers.TimeDistributed(keras.layers.Dense(10))

1)

model.compile(loss="mse", optimizer="adam", metrics=[last time step mse])
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1D conv layer with kernel size 4,
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model = keras.models.Sequential([
keras.layers.ConvlD(filters=20, kernel size=4, strides=2, padding="valid",
input shape=[None, 11]),
keras.layers.GRU(20, return sequences=True),
keras.layers.GRU(20, return sequences=True),
keras.layers.TimeDistributed(keras.layers.Dense(10))

1)

model.compile(loss="mse", optimizer="adam", metrics=[last time step mse])
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model = keras.models.Sequential()
model.add(keras.layers.InputLayer(input shape=[None, 1]))
for rate in (1, 2, 4, 8) * 2:
model.add(keras.layers.ConvlD(filters=20, kernel size=2, padding="causal",
activation="relu", dilation rate=rate))
model.add(keras.layers.ConvlD(filters=10, kernel size=1))
model.compile(loss="mse", optimizer="adam", metrics=[last time step mse])
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