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1. AIAE Hlol8E d535}= GRU 3
(1) AIAIE HolEE o&5t= LSTM 3
« QGradient Vanishing &A|S 31235t Long-Term Dependency &% 71
St LSTM ++&

@ LSTM &0 Hast etojueje] dne

import numpy as np

import matplot!ib.pyplot as plt

import pandas as pd

from sklearn.preprocessing import MinMaxScaler
from sklearn.metrics import mean_squared_error
from keras.models import Seguential

from keras. layers import Dense, Dropout, GAL
from keras.ontinizers import SGD

import math

plt.style.use(' fivethirtyeight')

@ AlZetet 2| A8st 5 =80 He 7lss ¥

def plot_predictions(test, predicted):
plt.plot(test, color="red',label="Real IBM Stock Price')
plt.plot(predicted, color='blue', label='Predicted |BM Stock Price')
plt.titlel' |BM Stock Price Prediction')
plt.xlabel (' Ting')
plt.ylabel ' |BM Stock Price')
plt. legend()
plt. show()

def return_rmseltest,predicted):
rmse = math.sart (mean_sauared_error(test, predicted))
print("The root mean squared error is {1.". format(rmsel))
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« 50 AHEE AAIE HolH A Al HlolH csv b 25

dataset = pd.read_csv( ' |BH_2006-01-01_to 2018-01-01.csv', index_col='Date’, parse_dates=['Date'])
dataset . head()

. dolgA & At

Open High Low Close Volume MName

Date

2006-01-05 8245 2255 8081 82208 11715200 IEM
2006-01-04 8220 8250 8133 8195 9240600 IBM
2006-01-05 8140 2200 28100 8250 7213500 IEM
2006-01-06 83095 8503 8341 234095 32197400 IBM
2006-01-09 2410 2425 83358 8373 0853200 IEM

@ 2% HlojEf =l 3 Het

training_set = dataset[: '2016'].iloc[:,1:2] . values
test_set = dataset ['2017":1.iloc[:,1:2] . values

® 7t sl =3

A

He HE 1

dataset ["High"]1[:'2016'] .plot(figsize=(16.4), |egend=True)

dataset ["High"] ['2017" ] .plot{figsize=(16,4), |egend=True)
plt.legend(['Training set (Before 2017)', 'Test set (2017 and beyond)'])
plt.title(' BN stock price')

plt. show()

IBM stock price

Fhb === Training set (Before 2017)
=== Test set (2017 and beyond)

150

100

2 2% o o o o o
Date
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sc = MinMaxScaler( feature_range=(0,1))
training_set_scaled = sc.fit_transform(training_set)
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@ LSTME A7) el Jejs Aasr] meo] 6071e] AzrgAlet 179 &2

o] Q= doly =5 A4

st dlolEe} 7F g0l sl 607H9) old

¥ train = []
v_train = []
for i in range(B0, 2769):

5t

=

S dlolH f47t

£_train.append(training_set_scaled[i-60:i,0])
v_train.append{training_set_scaled[i,0])
f_train, v_train = np.arraviX_train), np.arrav(y_train)

g8/l nulaleolst X _train ALA

¥_train = np.reshape(¥_train, (X_train.shape[0],¥%_train.shape[1].1))

® LSTM & ¢

regressor = Sequential()

# EF NWT IRSE AIESHE F OBE LSTH FE
regressor. add(LSTH{unit=s=50, return_seguences=True, input_shape=(¥_train.shape[11,171)

regressor . add{ Dropout (0, 21
£ F B LSTH A=

regressor, add(LSTH{units=50, return_seduences=True))

regressor ., addi Dropout (0, 237
£ A0 B LSTH HZE

regressor, add(LSTH{units=50, return_sequences=True))

reagressor . add({ Dropout (0. 21 )

# L B LSTH S
regressor. add({LSTH{units=50))
regressor . add{ Dropout (0, 21
# =2 W=
regressor . add(Dense(units=1))

regressor. conpi lefoptinizer="rnspron’, loss="nean_sauared error')
regressor. fit(¥_train,v_train, epochs=50, batch_size=32]
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c oot Al EUW S AW AR Uehi: 2t
Epoch 1/580
2709/2709 [ ] - 50s
Epoch 2750
2709/2709 [ 1 - 4=
Epoch 3750
2709/2709 [ 1 - 40=
Epoch 4/50
2709/2708 [ ] - 40s
Epoch 5/50
2709/2709 [ 1 - 40s
Epoch 6/50
2709/2709 [ 1 - 45=
Epoch 7/E0
2709/2709 [ 1 - dd4=
Epoch B/E0
2709/2708 [ ] - 41s
Epoch 44/50
2709/2709 [ ] - 38s
Epoch 45/50
2709/2709 [ ] - 41s
Epoch 46/50
2709/2709 [ ] - 47s
Epoch 47750
2708/2709 [ ] - 41s
Enoch 4B/50
2709/2709 [ ] - 41s
Epoch 43/50
2709/2709 [ 1 - 40s
Epoch 50/50
2709/2709 [ 1 - 40s

3 dloJEet Bl

- ATE YA S B4 dolE

e

b

18ns/step
15ns/step
15ns/step
15ns/step
15ns/step
1Tns/step
16ns/step

1E5ms/step

14ms/step
15ns/step
1'7ms/step
15ms/step
15ms/step
15ms/ step

15ms/sten

Yoz HAE HolEg Fyl

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

|oss:

|oss:

|oss:

|oss:

|oss:

|oss:

|oss:

m
it
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0.02582

0.0m17

0. 0041

0.0075

0. 0063

0. 0080

0.0054

0.0045

0.0016
0.0015
0.0015
0.0015
0.0014
0.0015

0.0015

dataset_total = pd concat ((dataset ["High"][:'2016'], dataset ["High"]1['2017" 1), axis=0)

inputs
inputs = inputs. reshape(-1,1)
inputs = sc.transforn( inputs)

@ X_test 8] W 714 o=

%_test = []

for i in range(60,311):
%_test,appendinput s[i—G0:

%_test = np.arrayv(X_test)

,01)

dataset _total[len(dataset_total)-len(test_set) — 6B0:]1.values

%_test = np.reshape(s_test, (X_test.shapel[0],%_test.shapel[1],1))
predicted_stock_price = regressor. predict (X _test)
predicted_stock_price = sc.inverse_transforn(predicted_stock_price)
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@ LSTM Z3} Alztst

plot _predictions(test _set, predicted_stock_price)

IBM Stock Price Prediction
=== Real IBM Stock Price

180 === Predicted IBM Stock Price
]
& 170
S
o
2 160
=
B 150
140
0 50 100 150 200 250
Time

® = 7}

return_rmse(test_set, predicted_stock_price)

The root mean squared error is 3.9373376584241067.

(2) AAIE dlolgl & o &st= GRU &
+ Gate mechanismo] A8%= RNN9] adxo=z [STMOA IS
-+«
® GRU o] HQ3t gtojHe|g] AR E

import numpy as np

import matplotlib.pyplot as plt

import pandas as pd

from sklearn.preprocessing import MinMaxScaler
from sklearn.metrics import mean_sauared_error
from keras.models import Sequential

from keras, lavers import Dense, Dropout, GRU
from keras.optimizers import SGD

import math

plt.style usel ' fivethirtyeight')
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@ AlAstet A%} 5 =0l He Vlss 7+

def plot_predictions(test,predicted):
plt.plot(test, color="red', label='Real IBM Stock Price')
plt.plot(predicted, color="blue’, label='Predicted |BM Stock Price')
plt.titlel' |BM Stock Price Prediction')

plt.xlabel('Tine')

plt.ylabel (' |BY Stock Price')

plt. legend()
plt.show()

def return_rmseltest,predicted

rmse = math, sart(nean_sauared_error(test, predicted))

A

print("The root mean souared errer is {}.".format{rmse))

@ golH =227

. o E0] ARE AAD HlolE FAl AR HlolE csv 1Y
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0l0

dataset = pd.read_csv('|BM_2006-01-01_to_2018-01-01.csv', index_col='Date’, parse_dates=['Date'])

dataset . head()

. dolEA 3 Au

Open High Low Close Volume Name

Date
2006-0103 8245 82585 8081 8208 11715200  IBM
2006-01-04 8220 38250 8133 8195 93840600 IENM
2006-0105 28140 2290 3100 3250 7213500 IENM
2006-0106 82305 8503 8341 8405 8197400 IENM
2006-0109 2410 84325 8338 8373 6858200 IBM

training_set = dataset[: "2016'] . iloc[:,1:2] .values
test_set = dataset['2017":1.iloc[:,1:2].values

Al wacpiadea
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dataset ["High"]1[: '2016'] .plot(figsize=(16,4), |egend=True)

dataset ["High"1['2017 :]1.plot(figsize=(16, 4}, | egend=True)

plt, legend(['Training set (Before 2017)', 'Test set (2017 and bevond)'])
plt.titlel |BM stock price’)

plt.show )

IBM stock price

=== Training set {Before 2017)

EElE Test set {2017 and beyond)

150

100

7% 2 2% o 2 20 20
Date

sc = MinMaxScaler( feature_range=(0,1))
training_set_scaled = sc.fit_transform(training_set)
test_set_scaled = sc. fit_transform{test_set)
printitraining_set_scaled. shape)

print (test_set_scaled. shape)

(2763, 1)
(251, 1)

@ LSTME A7) ulze] Jejs xarsr] qeo] 607he] AzrgAlet 1749 &2
o] 9t Hole FEZ A

. % dlolEo] 2 ao] sl 60709) o] shg HlolE a7t 9e

%_train = []

v_train = []

for i in range(G0,2769):
¥_train.append(training_set_scaled[i-60:1,0])
v_train.append(training_set_scaled[i,0])

#_train, v_train = np.arrav(¥_train), np.arrav(y_train)

%_test = []

y_test = []

for i in range(60,251):
%_test.append(test_set_scaled[i-60:1,0])
v_test.append(test _set _scaled[i,0])

%_test, y_test = np.array(X_test), np.array(y_test)
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print{X_train.shape)

¥_train = np.reshape(¥_train, (X_train.shapel[0],%_train.shape[1],1))
¥_test = np.reshape(X_test, (X_test.shape[0],X_test.shapel[1],1))
h_train.shape

(2709, B0)
(2709, 60, 1)

@ GRU ++= +d

regressorGRU = Sequential()

# CF T EFslE AEafs F 2 s FE

regressorGRUL add{ GRUCunits=50, return_sequences=True, input_shape=(X_train.shape[1],1), activation="tanh'})
regressorGRUL. add( Dropout (0.2))

# = B 88 HE

regressorGRUL add{ GRUCunits=50, return_sequences=True, input_shape=(X_train.shape[1],1), activation="tanh'})
regressorGRUL. add( Dropout (0.2))

# 4 B GRS

regressorGRUL add{ GRUCunits=50, return_sequences=True, input_shape=(X_train.shape[1],1), activation="tanh'})
regressorGRUL. add( Dropout (0.2))

# i B GRS

rearessorGRU, add(GRU(Lnits=50, activation="tanh'))

regressorGRUL. add( Dropout (0.2))

# & =

regressorGRU. add( Denselunits=1)]

rearessorGRL, sunmary()

regressorGRUL. compi leCopt imizer=5GD( 1r=0.01, decav=1e-7, momentum=0.9, nesterov=False], loss="nean_squared_error')

history = regressorGRU. fit(X_train,v_train,epochs=10,batch_size=150, validation_data=(¥_test, v_test])

« GRU 2% summary &3 ZAy}

Model: "sequential_1"

Laver (tvpe) Output Shape Param #
aru_l (GRU) {None, B0, 50} 7800
dropout _1 (Dropout ) {None, B0, 50) 0

gru_2 (GAU) (None, B0, 50} 15180
dropout _2 (Dropout ) (None, B0, 50) 0

aru_3 (GRU) {(None, B0, 50} 15150
dropout _3 (Dropout ) (None, B0, 50) 0

aru_4 (GRU) (None, 50) 15150
dropout _4 (DropoLt ) (None, 50) 0
dense_1 (Dense) (Mone, 1) 51

Total params: 53,301
Trainable params: 53,301
Non-trainable parans: O

d
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Train on 2709 samples, validate on 191 samples
Epoch 1/10

2709/2709 [ ]
Epoch 2710

2709/2709 [ ]
Epoch 3410

2709/2709 [ ]
Epoch 4/10

2709/2709 [ ]
Epoch 5/10

2709/2709 [ ]
Epoch 6710

2709/2709 [ ]
Epoch T/10

2709/2709 [ ]
Epoch B/10

2709/2709 [ ]
Epoch 9/10

2709/2709 [ ]
Epoch 10/10

2709/2709 [ ]

© GRU 29 st abgollA &4

o

if not isinstancelhistory, dict):
history = history. history

plotlhistory[' loss'])
plot(history['val_loss'])
vlabel('Loss')
plt.xlabel (' Epoch')
plt.legend(['Training data’,
plt.show()

plt.
plt.
plt.
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- 4s Ins/step -
- 3s Ins/step -
- 35 Ins/step -
- 3s 96Bus/step -
- 3s 925us/step -
- 3s 960us/step -
- 25 B19us/step -
- 3s B5lus/step -
- 3s 96dus/step -

- 3s S4Bus/step -

2
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'Validation data'l,

0lo
oo

loss: 0.1199 - val_loss: 0.0173
loss: 0.0356 - val_loss: 0.0107
loss: 0.0088 - val_loss: 0.0079
loss: 0.0047 - val_loss: 0.0083

loss: 0.0043 - val_less: 0.0080

loss: 0,0041 - val_loss: 0.0089

loss: 0.0038 - val_loss: 0.0062

loss: 0.0035 - val_loss: 0.0061

loss: [0.0033 - val_less: 0.0085

loss: 0,0033 - val_loss: 0.0082

4
o

| oc=0)

== Training data
== V/alidation data

Epoch
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dataset _total = pd concat((dataset ["High"1[:"2016'], dataset ["Hian"1 ["2017" :1), axis=0)

inputs = dataset_total [len({dataset _total )-len{test_set) — B0:].values
inputs = inputs.reshape(—1,1])
inouts = sc.transform{inouts)

® X_test 8] W 7}A o=

%_test = []
for i in range(G60,311):

%_test.append(inputs[i—60:i,01)
%_test = np.arrav(X_test)
%_test = np.reshape(¥_test, (X_test.shape[0],%_test.shapel[1],1))
GRU_predicted_stock_price = regressorGRU. predict (X_test)
GRU_predicted_stock _price = sc. inverse_transforn(GRU_predicted_stock_price)

@ LSTM ZAx} Alztst

plot_predictions(test _set, GAU_predicted_stock_price)

IBM Stock Price Prediction
== Real IBM Stock Price

180
=== Predicted IBM Stock Price

o
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o
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fg 160
(3}
=
o0 150

140

0 50 100 150 200 250
Time

ool HGot
return_rmseltest _set, GRU_predicted_stock_price)

The root mean sauared error is 3.2956514743855503.
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1. MA9 HolEjE 713t Al7]= A2 Z&ohs AI0|EE 12A|Q.
(D Forget Gate
® Input Gate
® Reset Gate
@ Update Gate

- J9 - oW
3|4 : GRUC] Reset Gate: 1}7]9] Ho]E|2 Reset(%:7]3}) A|7]= AL BExoa
Alo|Eolct.

ol
o
e

2. 7871} @ lole] Qat Yofulaior & clolele] g et AolES B2AlQ.

(D Forget Gate
@ Input Gate
® Reset Gate
@ Update Gate

-RY O
512 : GRU9] Update Gatet: A<t @xlo] FE YHo|E v]&S ARt
o] Eo|tt.
SES

L AAY dlolelg o &sks GRU 73
+ Reset Gate®} Update Gate?} £Xfot= GRU +d
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