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e TLU(threshold logic unit) EE= LTU(linear threshold unit) 2}
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Z=(step function) M.
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import numpy as np
from sklearn.datasets import load iris
from sklearn.linear_model import Perceptron

iris = load iris()
X iris.data[:, (2, 3)] # petal length, petal width
y (iris.target == 0).astype(np.int)

per clf = Perceptron(max iter=1000, tol=le-3, random state=42)
per clf.fit(X, y)



Petal width

2.00
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1.50 1
125 1
1.00 1
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Petal length

®  Not Iris-Setosa
© Iris-Setosa



A& 4L SGDClassifier 2F S5 2Hs

"perceptron”

® ]oss

="constant"

" learning rate

=None

1, penalty

= etal

el
.

|7 2Lt M=

=)

S. [ap 2x|AE

o3

%:
ijofl

<
min

110

=
110

Ot=E|T

Ak
o

X2t HEEZES 012 7H

1j0



CtE HYEZ(MLP)2} ™}



fjo
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<2l EX]: netclipart (https://www.netclipart.com/down/ihwJhJh_angle-symmetry-area-
neural-networks-transparent-backgrounds/)>



https://www.netclipart.com/down/ihwJhJh_angle-symmetry-area-neural-networks-transparent-backgrounds/
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Output

Inputs <

Activation
Function

Weights

<12 &X: medium (https:/medium.com/@jayeshbahire/the-artificial-neural-networks-
handbook-part-4-d2087d1f583e) >



https://medium.com/@jayeshbahire/the-artificial-neural-networks-handbook-part-4-d2087d1f583e
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= RelLU IE&= softplus A 7tHs
— Softplus
4- — Rectifier

<

21 £X: 9|7]T]C|0} (https://en.wikipedia.org/wiki/Rectifier (neural networks))>



https://en.wikipedia.org/wiki/Rectifier_(neural_networks
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https://playground.tensorflow.org/
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o FIEIA (https://keras.io)= BE ZF| MALS £21H BHE0 == Z|AQ| API M2,

o TE[EHAIE F2fA
n 12| HIMEZ(Tensorflow),
= MS2| Cognitive Toolkit(CNTK),
= Theano(A|0fL)
m OfIZFX| MXNet
= OiZ Core ML
 KHIAIZIE EIRQUAIZIE: AIHBIRX 0| AH2tA Al
= PlaidML: 2= 72| GPUO|M &3l 715

o°="

ts


https://keras.io/

tensorflow.keras
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I}o| EX|(PyTorch)

o IO|EX| (https:/pytorch.org)= keras@} H|==&F API M| B5HH, €l A 2 4= U 2.
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https://pytorch.org/
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e ClIOJE 4ll: 28x28 ©& 3 7|9| =48 oM 0|0|X| = 70,00074

Coat  T-shirt/top Sneaker Ankle boot Ankle boot Ankle boot  Coat Coat Dress Coat

A Y =2aa x) B EM

T-shirt/top Trouser Shirt Dress Shirt Coat Dress Pullover Bag
o 3 [
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1... it | | r | ]
Sneaker Dress Coat Sneaker  Trouser Dress Coat Pullover T-shirt/top Bag
S
Sandal Sandal Ankle boot Trouser Sandal Dress Sandal Ankle boot T- shlrt/top Dress
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e Sequential SziA LHO| S E0t &=XHA oh5 K|
o 24352

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



o OfFf AR Ths

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

1)
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keras.utils.plot model(model, "my fashion mnist model.png", show shapes=True)



) input: | [(None, 28, 28)]
flatten_input: InputLayer
output: | [(None, 28,28)]
input: | (None, 28, 28)
flatten: Flatten
output: (None, 784)
input: | (None, 784)
dense: Dense
output: | (None, 300)
input: | (None, 300)
dense_1: Dense
output: | (None, 100)
input: | (None, 100)
dense_2: Dense
output: | (None, 10)
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model.compile(loss="sparse categorical crossentropy",
optimizer="sgd",

metrics=["accuracy"])



model.fit (X train, y train, epochs=30,
validation data=(X_valid, y valid))



import pandas as pd

pd.DataFrame (history.history).plot(figsize=(8,
plt.grid(True)

plt.gca().set _ylim(0, 1)

save fig('"keras learning curves plot")
plt.show()

2))



1.0

0.8
0.6
0.4
‘Mwm
—_— ]
0.21 — Joss
—— accuracy
—— val_loss
—— val_accuracy
0.0 T T T
0 5 10 15 20 25




model.evaluate(X test, y test)
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model = keras.models.Sequential([
keras.layers.Dense(30, activation="relu", input shape=X train.shape[l:]),
keras.layers.Dense(1l)

1)
model.compile(loss="mean squared error", optimizer=keras.optimizers.SGD(lr=1le-3))

history = model.fit(X train, y train, epochs=20, validation data=(X valid, y vali
d))
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mse test = model.evaluate(X test, y test)
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o Of|H|: 2t0|E&E!(Wide & Deep) MAYH.

/S Vs Output Units

CHEON

7
Hidden Layers
v

S
N
S
LN

Dense

[ X o0 Embeddings @ @ o0

Sparse Features

Wide Models Wide & Deep Models Deep Models

<12l £X: Heng-Tze Chenget al.,"Wide & Deep Learning for Recommender Systems"

(https://arxiv.org/pdf/1606.07792.pdf) >



https://arxiv.org/pdf/1606.07792.pdf
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e input :Input ZiA|
®» hideenl=S Sdll hidden2 E MEHE
n HHO| concatE £ hidden22| 212t 8HH output 22

input = keras.layers.Input(shape=X train.shape[l:])

hiddenl = keras.layers.Dense(30, activation="relu") (input )
hidden2 = keras.layers.Dense(30, activation="relu") (hiddenl)
concat = keras.layers.concatenate([input , hidden2])

output = keras.layers.Dense(1l) (concat)

model = keras.models.Model(inputs=[input ], outputs=[output])
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input A = keras.layers.Input(shape=[5], name="wide input")
input B = keras.layers.Input(shape=[6], name="deep input")
hiddenl = keras.layers.Dense(30, activation="relu") (input B)

hidden2 = keras.layers.Dense(30, activation="relu") (hiddenl)

concat = keras.layers.concatenate([input A, hidden2])

output = keras.layers.Dense(1l, name="output") (concat)

model = keras.models.Model(inputs=[input A, input B], outputs=[output])



model.compile(loss="mse", optimizer=keras.optimizers.SGD(lr=1e-3))

X train A, X train B = X train[:, :5], X trainf:,
X valid A, X valid B = X valid[:, :5], X valid[:,
X test A, X test B = X test[:, :5], X test[:, 2:]
X new A, X new B = X test A[:3], X test B[:3]

history = model.fit((X train A, X train B), y train, epochs=20,
validation data=((X valid A, X valid B), y valid))

mse test = model.evaluate((X test A, X test B), y test)

y_pred = model.predict((X new A, X new B))
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e output: F&H
* aux output: X &

input A keras.layers.Input(shape=[5], name="wide input")
input B keras.layers.Input(shape=[6], name="deep input")
hiddenl = keras.layers.Dense(30, activation="relu") (input B)
hidden2 keras.layers.Dense (30, activation="relu") (hiddenl)
concat = keras.layers.concatenate([input A, hidden2])
output = keras.layers.Dense(l, name="main output") (concat)
aux_output = keras.layers.Dense(l, name="aux output") (hidden2)
model = keras.models.Model(inputs=[input A, input B],
outputs=[output, aux output])



model.compile(loss=["mse", "mse"], loss weights=[0.9, 0.1],
optimizer=keras.optimizers.SGD(lr=1e-3))
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history = model.fit([X train A, X train B], [y train, y train], epochs=20,

validation data=([X valid A, X valid B], [y valid, y valid]))
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class WideAndDeepModel (keras.models.Model):

def init (self, units=30, activation="relu", **kwargs):
super (). init (**kwargs)
self.hiddenl = keras.layers.Dense(units, activation=activation)

self.hidden2 = keras.layers.Dense(units, activation=activation)
self.main output = keras.layers.Dense(1l)
self.aux output = keras.layers.Dense(l)

def call(self, inputs):
input A, input B = inputs
hiddenl = self.hiddenl(input_ B)
hidden2 = self.hidden2(hiddenl)
concat = keras.layers.concatenate([input A, hidden2])
main output = self.main output(concat)
aux_output = self.aux output(hidden2)
return main output, aux output

model = WideAndDeepModel (30, activation="relu")
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e Sequential 221t et~ API E ALESIA &

model = keras.models.Sequential([...])
model.compile([...])
model.fit([...])

model.save('"my keras model.ht")
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DES 52512 ™ load model()

keras.models.load model("my keras model.ht")

model =
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Oil%ll: ModelCheckpoint
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O 1
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checkpoint cb = keras.callbacks.ModelCheckpoint("my keras model.hs")

history = model.fit(X train, y train, epochs=10, callbacks=[checkpoint cb])
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checkpoint cb = keras.callbacks.ModelCheckpoint('"my keras model.hs",
save best only=True)
history = model.fit(X train, y train, epochs=10,
validation data=(X valid, y valid),
callbacks=[checkpoint cb])

¥ 55 oY =2
model = keras.models.load model("my keras model.h5")
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. Z7|ZE 7 BER ES
A O ZA(0Z S0, 10 HET) S HBNIEO| That 47} BrAEIX o

* patience=10:

CHXIS EE.

» Of| =3 = 0j 3A X[l = 2.

e restore best weights=True: Z[&2| 22

2 =2l

early stopping cb

ol 29| 7

keras.callbacks.EralyStopping(patience=10,
restore best weights=True)

history = model.fit(X train, y train, epochs=100,

validation data=(X valid, y valid),
callbacks=[checkpoint cb, early stopping cb])
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e keras.callbacks.Callback 22f|A Al
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class PrintValTrainRatioCallback(keras.callbacks.Callback):
def on epoch end(self, epoch, logs):
print("\nval/train: {:.2f}".format(logs["val loss"] / logs["loss"]))

val train ratio cb = PrintValTrainRatioCallback()

history = model.fit(X train, y train, epochs=1,
validation data=(X valid, y valid),
callbacks=[val train ratio cb])



=8 A M AFBE = = 2 B (£it () HIMEOM EEE)

on_train_begin()
e on_train_end()
e on_epoch_begin()
e on_epoch_end()
e on_batch_begin()
e on_batch_end()



HIKAZ) THAHIIM AF2E £ A= 2 8t evaluate () HAE0A 2EEL

e on_test_begin()

e on_test_end()

e on_test_batch_begin()
e on_test_batch_end()
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on_predict_begin()

e on_predict_end()

e on_predict_batch_begin()
e on_predict_batch_end()
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logs/

run_2019_06_07-15_15_22

— train

| |— events.out.tfevents.1559891732.mycomputer.local.38511.694049.v2
— events.out.tfevents.1559891732.mycomputer.local.profile-empty
L— plugins/profile/2019-06-07_15-15-32

L— local.trace

validation
L— events.out.tfevents.1559891733.mycomputer.local.38511.696430.v2

run_2019_06_07-15_15_49
- T...]

my

I
I
I
L

T
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* get-run logdir() &=
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# FE 27 C/gE2 XF
root logdir = os.path.join(os.curdir, "my logs")

def get run logdir():
import time
run_id = time.strftime("run %Y %m %d-%H %M %S")
return os.path.join(root logdir, run id)

run logdir = get run logdir()
run logdir



o HE Y AL

# BIMZE ZHals+ X|E
tensorboard cb = keras.callbacks.TensorBoard(run logdir)

history = model.fit(X train, y train, epochs=30,
validation data=(X _valid, y valid),
callbacks=[checkpoint cb, tensorboard cb])
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$ tensorboard --logdir=./my logs --port=6006

o QE{HI EHEIRXO|M http://localhost:6006

TensorBoard SCALARS

[C] show data download links

Ignore outliers in chart scalin:

Tooltip sorting
method: w
Smoothing

@ 0

Horizontal Axis

STEP RELATIVE

WALL

Runs

Write a regex to filter runs

run_2019_06_07-15_15_22/t

o rain

go run_2019_06_07-15_15_22/v
alidation

run_2019_06_07-15_15_49/t
o rain

D O run_2019_06_07-15_15_49/v
alidation

GRAPHS

Q Filter tags (regular expressions supported)

INACTIVE -

(€]

epoch_loss

epoch_loss

g
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def build model(n_hidden=1, n neurons=30, learning rate=3e-3, input shape=[8]):
model = keras.models.Sequential()
model.add(keras.layers.InputLayer(input shape=input shape))
for layer in range(n_hidden):

model.add(keras.layers.Dense(n_neurons, activation="relu"))

model.add(keras.layers.Dense(1l))
optimizer = keras.optimizers.SGD(lr=learning rate)
model.compile(loss="mse", optimizer=optimizer)
return model
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keras reg = keras.wrappers.scikit learn.KerasRegressor (build model)
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param distribs = {
"n _hidden": [0, 1, 2, 3],
"n neurons": np.arange(l, 100),
"learning rate": reciprocal(3e-4, 3e-2),

}

rnd_search cv

rbose=2)
rnd_search cv.fit(X train, y train, epochs=100,
validation data=(X valid, y valid),
callbacks=[keras.callbacks.EarlyStopping(patience=10)1])

RandomizedSearchCV(keras reg, param distribs, n iter=10, cv=3, ve
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