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222(Glorot) 7|3}
Z23Z(LeCun) =7|&}
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Glorot £7|3} &35} 8t49l= A 5l0|H 22| ENE ZX|AE| ATEMA  glorot_normal  glorot_uniform
He 7|3} RelLU &9} I HZEE he_normal he_uniform

LeCun =7|8F SELU lecun_normal lecun_uniform
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keras.layers.Dense(10, activation="relu", kernel initializer="he normal")
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" VarianceScalingZzliA &

init = keras.initializers.VarianceScaling(scale=2., mode='fan avg'
distribution='uniform')
keras.layers.Dense(10, activation="relu", kernel initializer=init)
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RelLU

LeakyRelLU

RRelLU

PRelLU

ELU
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ReLU
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RelL.U,(z) = max(0, z)




LeakyRelLU
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if z > 0.
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e LeakyRelLU 43} &t ALE

e LeakyRelLU &= Bt=11 REO|M HE35lE= & 70l =7t

model = keras.models.Sequential([

1)

keras.
keras.
keras.
keras.
keras.
keras.

layers
layers
layers

layers.
.LeakyReLU(),
.Dense (10, activation="softmax")

layers
layers

.Flatten(input_ shape=[28, 28]),
.Dense (300, kernel initializer="he normal"),
.LeakyReLU(),

Dense (100, kernel initializer="he normal"),



e PRelLUZ= 251 RRAO0|M XMEstE= 5 70l =7t

model = keras.models.Sequential([
keras.layers.Flatten(input shape=[28, 28]),
keras.layers.Dense(300, kernel initializer="he normal"),
keras.layers.PRelLU(),
keras.layers.Dense(100, kernel initializer="he normal"),
keras.layers.PRelLU(),
keras.layers.Dense(10, activation="softmax")

1)
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model = keras.models.Sequential()
model.add(keras.layers.Flatten(input shape=[28, 28]))
model.add(keras.layers.Dense(300, activation="selu",
kernel initializer="lecun normal"))

for layer in range(99):

model.add(keras.layers.Dense(100, activation="selu",

kernel initializer="lecun normal"))

model.add(keras.layers.Dense(10, activation="softmax"))
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o 2LI=0| &M 35| 54~ 0|F/0|F 0| BatchNormalization & 37}

model = keras.models.Sequential([

keras.layers.Flatten(input shape=[28, 28]),
keras.layers.BatchNormalization(),
keras.layers.Dense (300, activation="relu"),
keras.layers.BatchNormalization(),
keras.layers.Dense(100, activation="relu"),
keras.layers.BatchNormalization(),
keras.layers.Dense(10, activation="softmax")

1)



model = keras.models.Sequential([

1)

keras.layers
keras.layers

keras.layers.
.BatchNormalization(),
.Activation("relu"),

.Dense (100, use bias=False),
.BatchNormalization(),
keras.layers.
.Dense (10, activation="softmax")

keras.layers
keras.layers
keras.layers
keras.layers

keras.layers

.Flatten(input shape=[28, 28]),
.BatchNormalization(),

Dense (300, use bias=False),

Activation('"relu"),
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o ZE[OIOINE dMet il clipvalue = clipnorm X|H

optimizer = keras.optimizers.SGD(clipvalue=1.0)



e clipnorm: X|EE A HRILZE TH| S MAH = FA8)
= Of™[: 0.9, 100]1=>[0.0089964, 0.9999595]
e ZO|: JIZ|O|C|AUE AM BIM JIs

optimizer = keras.optimizers.SGD(clipnorm=1.0)
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. i 70|

o

F5S 0|26t model B on A &3

model A = keras.models.load model("my model A.h5")
model B on A = keras.models.Sequential(model A.layers[:-1])
model B on A.add(keras.layers.Dense(l, activation="sigmoid"))
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Nesterov 7+ ZAHNAG)
AdaGrad

RMSProp

Adam Z| &g}

Adamax Z| &3}

Nadam &g}






o 1964 ATHE

o Tt HAISIZHELt WEA TS 22T ==
o Of2f{2t Z0| X|Z5IH 108 T 27| sh50] ZI8E.

optimizer = keras.optimizers.SGD(lr=0.001, momentum=0.9)



Nesterov 7} ZAAHNAG)
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optimizer = keras.optimizers.SGD(lr=0.001, momentum=0.9, nesterov=True)



AdaGrad
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0.001)

keras.optimizers.Adagrad(lr=

optimizer



RMSProp
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e AdaGrad?| 0|2 = ZXE sl Zst 7|

optimizer = keras.optimizers.RMSprop(lr=0.001, rho=0.9)
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o HHIE! X[X52F RMSProp2| OO|C|0] &&

optimizer = keras.optimizers.Adam(lr=0.001, beta 1=0.9, beta 2=0.999)
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e 2016(?)H0]| 27HE

e Adam &12|S 7HM

o SHX|2H AL0f 2 Adam ES0| H E3.

optimizer = keras.optimizers.Adamax(lr=0.001, beta 1=0.9, beta 2=0.999)
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e Adam + Nesterov
o UHIHOR Adam EC}HAS X/ A20| w2t RMSPropO| o Z71 &,

optimizer = keras.optimizers.Adamax(lr=0.001, beta 1=0.9, beta 2=0.999)
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HEAE 7|8t A E& (power scheduling)

X|4= 7|2k AF|Z2l(exponential scheduling)
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s
nE
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H A& (piecewise constant scheduling)

>
or

.I

o

o

7|k AFH|E2 (performance scheduling)

1AHO|2 AF|EZ(1cycle scheduling)
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e ZE|ORO|IXN MRSl decay SNM2E X|H

optimizer = keras.optimizers.SGD(lr=0.01, decay=le-4)

¢ decay: 2H 2B
e HEfAEc = 12 7|2ULEAE



X|4= 7|9k A7 == (exponential scheduling)



StSES AHIO| HHE3I2 10f| CHSH O She2 MO

n(t) = no (0.1)"

A RO 1084 S0 5.

Lo
>
M1
o
9%



rr

o IR O EA| SHEES Wot s}

def exponential decay fn(epoch):
return 0.01 * 0.l**(epoch / 20)

oot
e
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<0



| My .

o Of2 AN gy 2t sE MBSt F2 KX (closure) E Btetste g

def exponential decay(lr0, s):
def exponential decay fn(epoch):
return 1lr0 * 0.1l**(epoch / s)
return exponential decay fn

exponential decay fn = exponential decay(lr0=0.01, s=20)



o O|X| AH|E2! §t4E 0|3t LearningRateScheduler 28 &t42 MOIst $ fit () HAE

off M.
= O £3Z AR wintct SE[OHO0[X 2| stg & YH|O|E.

lr scheduler = keras.callbacks.LearningRateScheduler (exponential decay fn)
history = model.fit(X train scaled, y train, epochs=n_ epochs,

validation data=(X valid scaled, y valid),
callbacks=[1lr scheduler])
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e O|Xl:on batch begin()Zton epoch end() HA= x{H2|

e 39| keras.backend 2=
" batch tH®|2 EAHF

K = keras.backend
class ExponentialDecay(keras.callbacks.Callback):

def init (self, s=40000):
super(). init ()
self.s = s

def on batch begin(self, batch, logs=None):
# Note: the “batch™ argument is reset at each epoch
lr = K.get value(self.model.optimizer.lr)
K.set value(self.model.optimizer.lr, 1lr * 0.1**(1 / s))

def on _epoch end(self, epoch, logs=None):

logs = logs or {}
logs['lr'] = K.get value(self.model.optimizer.lr)
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o O|F Ol2{Q} Z0| fit () HIMEO| ST 4= ML

# 20 OfE3 Z9oto] AH £ HXIFZ/E 32

s = 20 * len(X_ train) // 32

exp decay = ExponentialDecay(s)

history = model.fit(X train scaled, y train, epochs=n_epochs,
validation data=(X valid scaled, y valid),

callbacks=[exp decay])
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def piecewise constant fn(epoch):

if epoch <
return

elif epoch
return

else:
return

5:

0
<
0

o
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def piecewise constant(boundaries, values):
boundaries = np.array([0] + boundaries)
values = np.array(values)
def piecewise constant fn(epoch):
return values[np.argmax(boundaries > epoch) - 1]
return piecewise constant fn

piecewise constant fn = piecewise constant([5, 15], [0.01, 0.005, 0.001])
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lr scheduler = keras.callbacks.LearningRateScheduler(piecewise constant fn)

history = model.fit(X train scaled, y train, epochs=n_ epochs,
validation data=(X valid scaled, y valid),
callbacks=[1lr scheduler])
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lr scheduler = keras.callbacks.ReduceLROnPlateau(factor=0.5, patience=5)
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s = 20 * len(X_train) // 32 # &A 2AE =+ AHtojZ3 20, HX/3F7] 32)
learning rate = keras.optimizers.schedules.ExponentialDecay(0.01, s, 0.1)
optimizer = keras.optimizers.SGD(learning rate)
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learning rate = keras.optimizers.schedules.PiecewiseConstantDecay (
boundaries=[5. * n_steps per epoch, 15. * n steps per epoch],
values=[0.01, 0.005, 0.0011])

optimizer = keras.optimizers.SGD(learning rate)
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kernel regularizer &M AE.
o OH[: ) I, A HIZ == 0.01.

layer = keras.layers.Dense(100, activation="elu",
kernel initializer="he normal",
kernel regularizer=keras.regularizers.12(0.01))
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from functools import partial

RegularizedDense = partial(keras.layers.Dense,
activation="elu",
kernel initializer="he normal",
kernel regularizer=keras.regularizers.12(0.01))

model = keras.models.Sequential([
keras.layers.Flatten(input shape=[28, 28]),
RegularizedDense(300),
RegularizedDense(100),
RegularizedDense(10, activation="softmax")



E E02(dropout)
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model = keras.models.Sequential([
keras.layers.Flatten(input shape=[28, 28]),
keras.layers.Dropout(rate=0.2),
keras.layers.Dense(300, activation="elu", kernel initializer="he normal"),
keras.layers.Dropout(rate=0.2),
keras.layers.Dense (100, activation="elu", kernel initializer="he normal"),
keras.layers.Dropout(rate=0.2),
keras.layers.Dense(10, activation="softmax")

1)












model = keras.models.Sequential([

keras.layers.Flatten(input shape=[28, 28]),

keras.layers.AlphaDropout(rate=0.2),

keras.layers.Dense(300, activation="selu", kernel initializer="lecun normal"
) s

keras.layers.AlphaDropout(rate=0.2),

keras.layers.Dense(100, activation="selu", kernel initializer="lecun normal"
) s

keras.layers.AlphaDropout(rate=0.2),

keras.layers.Dense(10, activation="softmax")

1)
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e OfX: 100712| HE S 4ot 2Tl = Ht L{7|

y_probas = np.stack([model(X test scaled, training=True)

for sample in range(100)])
y _proba = y probas.mean(axis=0)

y std = y probas.std(axis=0)

o EHIAE NE MEZ = 10,0007, 2214 4~= 1074. W2k (10000, 10] 22l #H 100
.

Z,[100, 10000, 10] 22| &lEH0|y probasOf XZ&HE.
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MCAIphaDropout 2 £ CHA|sl{OF et

class MCDropout (keras.layers.Dropout):
def call(self, inputs):
return super().call(inputs, training=True)

class MCAlphaDropout (keras.layers.AlphaDropout):
def call(self, inputs):
return super().call(inputs, training=True)

mc_model = keras.models.Sequential([

MCAlphaDropout (layer.rate) if isinstance(layer, keras.layers.AlphaDropout) el
se layer

for layer in model.layers
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layer =

keras.layers.Dense(100, activation="selu",
al“ ,

kernel initializer="lecun norm

kernel constraint=keras.constraints.max norm(1l.))
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