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Example 1. @343 M

AME oS EI(SRNN) (cont.)

e Data set A
o AT T ZHE 207} A
o JHIA T AMEH
X(t)=Asin(2rft)
A: =17, 50

4L T4

x(t) = sin(2r1t), s[n] = sin(2n1nTy),Ts = 0.1
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s[n] = sin(2rfnTy)
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#ME 2| AE MY

n=np.arange(0,2*10) #2720 vector,[0,1,2,3,4,...,19] fs=10
fs=10; Ts=1/fs

s=np.sin(2*np.pi*1* n*Ts) # (20,) samples

#SI5E X YA 4N

seq_len=3;

X=[I;Y=[l

for i in range(seq_len,20,1) :
X.append(s[i-seq_len:i]) #s[0:3]
Y.append(s[i]) #s[3]




Example 1. @435 4

e Data set -3

HE S =

-1

#(20,)

[ 0.00000000e+00 5.87785252e-01 9.51056516e-01 9.51056516e-01
5.87785252e-01 1.22464680e-16 -5.87785252e-01 -9.51056516e-01 ...]

x(t) = sin(2rlt), s[n] = sin(2rinTy),T; = 0.1
o) S N
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n=np.arange(0,2*10)
fs=10; Ts=1/fs

#2227+ 20 sample,[0,1,2,3.4,...

,19] £5=10

s=np.sin(2*np.pi*1* n*Ts) # (20,) sin signal S = [So $152 --519] (20,
#X(17,3) Y(17,) #SHS 2 XY Al A X=[[so5152] Y=[s3
[[O. : 0.58778525, 0.95105652] [ 0.9510565162951536 seq_len=3; [s1 52 s3] Sy
[0.58778525, 0.95105652, 0.95105652] 0.5877852522924732 X=[1;Y=[]
] ] for iin range(seq_|en,20,l) . [Sl6 S17 518] S19
X.append(s[i-seq_len:i]) #s[0:3] ] ]
Y.append(s[i]) #s[3] (17,3) (17,)
# X(17,3,1) Y(17,1) #5H5 2 shapel 2 & X =[[[sol. [s1]. [s21] Y = [[s3],
[[[0.], [0.58778525],[0.95105652]] [[ 0.9510565162951536] X=np.array(X);Y=np.array(Y) # shape X:(17,3) Y:(1 [[sl], [s,], [53]] [S4],
[[0.58778525],[0.95105652],[0.95105652]] [0.5877852522924732] X=np.expand_dims(X,axis=2) #(17,3,1)
] o] Y=np.expand_dims(Y,axis=1) #(17,1) [[X16], [s1], [518]] [S10]
] ]
print(X.shape,Y.shape) #(17,3,1),(17,) (17,3,1) (17,1)




Example 1. 3@ A& ME o= 29I (SRNN) (cont.)

o EHE] :[l}\é @ optimizer
loss: (1,) loss
@ Vb1 [s3]
logit(y):(1,)
(b, 10)

(b,3,10)

Xp11 Xb21 Xb31
[So] [s1] [s2]

Many to One

o O o o :
Linear regression layer |16, 517, [515]] [s10]

Dense(1, activation="linear")) (17,3,1) (17,1)

SRNN many-to-many model layer
SimpleRNN(20, input_shape=(3, 1))

#SRNN 2 & A M

np.random.seed(0)

model = Sequential()
model.add(SimpleRNN(10, input_shape=(3, 1)))
model.add(Dense(1, activation="linear"))
model.compile(loss="mse’, optimizer="'sgd")




Example 1. @343 AME oS5 E2(SRNN) (cont.)

import numpy as np

import matplotlib.pyplot as plt

from keras.models import Sequential

from keras.layers import SimpleRNN, Dense

#dataset X,Y A A

n=np.arange(15) #[0,1,2,3.4,...,19]
s=np.sin(2*np.pi*0.125* n) #sin signal
nb_timestep=3;

X=[1;Y=[]

for i in range(0,s.shape[0]-1-nb_timestep,1) :
X.append(s[i:i+nb_timestep])
Y.append(s[i+nb_timestep])
X=np.array(X);Y=np.array(Y) # X.shape:(17,3) Y.shape:(11,)
X=np.expand_dims(X,axis=2) # X.shape:(17,3,1)
print(X.shape,Y.shape) #(17,3,1),(17,1)

#SRNN =& MY

np.random.seed(0)

model = Sequential()
model.add(SimpleRNN(10, input_shape=(3, 1)))
model.add(Dense(1, activation="linear"))
model.compile(loss="mse’, optimizer='sgd’)

Y _hatl=model.predict(X) #randomly initialized Y
hist=model.fit(X,Y,epochs=100,verbose=0) #training

Y _hat2=model.predict(X) #predicted after training

plt.subplot(211) #define subplot(211)
plt.plot(Y, 'ro-'label="targets’) #target Y, s[nb_timestep:]
plt.plot(Y_hatl,'bs-',label="Y_hatl1")#initialized Y
plt.plot(Y_hat2,'gx-",label="Y _hat2")#predicted Y

plt.grid() #grid on figure subplot
plt.legend()

plt.subplot(212) #define subplot(212)
plt.plot(hist.history['loss’]) #plot loss
plt.title('loss’)

plt.grid()

plt.show()
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Example 2. T2} 7|8k 2174 o] 24 _sixpence in keras

o <¢lo] ¥ d(Language Model)->
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Example 2. A} 7]8F 217 o] 2 4d-sixpence in keras(cont.)

Sing a song of sixpence, a pocket full of rye,

Four and twenty blackbirds baked in a pie.

When the pie was opened the birds began to sing,
Oh wasn't that a dainty dish to set before the king?

The queen was in the parlour eating bread and honey
The maid was in the garden hanging out the clothes,
When down came a blackbird and pecked off her nose!

The king was in his counting house counting out his money,

How to Develop a Character-Based Neural Language Model in Keras
Photo by hedera.baltica, some rights reserved.
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https://www.flickr.com/photos/hedera_baltica/33907382116/

text

Sequence
text
(399,10)

Example 2. &A} 7]
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A o] 24 sixpence in keras(cont.)

of sixnence a nocket full of rve

FUP Sing a son
o Dataset X_ohe, y_ohe "~ Zour and {
When the
Sing a song of sixpence, a pocket full of rye, Four and twen Oh wasn't
1?345678901 sequence (399,11) Thelqngv
Sing a song ~[[8, 19, 23,17, 0, 11, 0, 28, 24, 23, 17 ] The queen
ing a song 119, 23,17, 0, 11, 0, 28, 24, 23, 17, 0] The maid
ng a song [o - When dow
g a song gf ]
a song of
a song of |s
song of gi
song of six X (399,10) (399,)
X v =[1[8,19,23,17,0,11,0, 28, 24, 23 ] =[17
[19, 23,17,0, 11, 0, 28, 24, 23, 17] 0
] ]
X ohe (399,10, 34) y ohe (399, 34)
=[[[000010.],[..]m...[...]] =[[0 0 O 10 ..]
lm...[...]] [1 00 00 ..]

[[000010.],]..

with open('data/rnn_sixpence data.txt’,’r’) as f:
raw_text= f.read()
#Sing a song of sixpence, a pocket full of rye,
#Four and twenty blackbirds baked in a pie.
#...
text = raw_text.split() #strip all of the new line characters , separated only by white space
text =" ".join(text)
#['Sing', 'a', 'song', 'of', 'sixpence,’, 'a', 'pocket’, 'full', 'of', 'rye,’, 'Four', 'and', 'twenty’
#Sing a song of sixpence, a pocket full of rye, Four and twenty

alphabet = sorted(list(set(text))) #extract alphabet

vocab_size = len(alphabet) #34

o R 'F' ‘0, 'S, T, W L b, e, d e g hy T K T 'm)Y, 'l o)
PLg, TS U W X Y
mapping_c2i = {c i fori c in enumerate(alphabet)}

#0,M1,M 2,013,104, 5,F 6,'0: 7,'S" 8, 'T 9, 'W" 10, 'a: 11, ...
text_encoded = [mapplng_c2|[c] for ¢ in text] #(399,11)
#[8, 19, 23, 17,0, 11, 0, 28, 24, 23,17, 0, 24, 16, 0, 28, 19, 32, 25, 15, 23, 13,

y': 33}

length = 10
sequence=np.array([text_encoded[i-length:i+1] for i in range(length, len(text_encoded))])
#(399,11)

#train test set

X,y=sequence[:,:-1],sequence[:,-1] #(399,10), (399,)
X_ohe =to_categorical(><, num_classes=vocab_size)#(399,10,34)

y ohe =to_categorical(y, num_classes=vocab_size) #(399,34)




Example 2. &} 7|9 417 o] 2 d-sixpence in keras(cont.)

# define model

e Model /\g /\é 12345678901 model = Sequential(name="many-to-one RNN”)
Sing a sodg model.add(LSTM(75, input_shape=(X_ohe.shape[1], X _ohe.shape[2]))) #(10,75)
ing a song model.add(Dense(vocab_size, activation='softmax”)) #(34,) => (10,34)
g Adam ng a song |o print(model.summary())
[0,0,..] optimizer g a song df
(b,34) a song of # set compile method
Cross entropy l a song of [s model.compile(loss="categorical_crossentropy', optimizer="adam’, metrics=['accuracy’])
0SS
: song of i )
(b,34) logits song of sil # fit model
|  softmax | . model.fit(X_ohe, y_ohe, epochs=100, verbose=2)
A A A
(b,34) Y :
000 # save the model to file
RRRE model.save('model _many2one_sixpense.h5”)
0000

# save the mapping
dump(mapping_c2i, open('mapping.pkl’, ‘w

[0,0,..] [0,0,..] [0,0..1 - [0,0,..] X:[8,19,23,17,0, 11, 0, 28, 24, 23],  y:[17, #Singason g
S i n ... n [19, 23, 17,0, 11, 0, 28, 24, 23, 17], 0, #ing asong © ¢
X=0he(X); y=ohe(y)
X :[[0,0,0,0,0,0,1,0.0,...[...]] #[8, 19, 23,17, 0, 11, 0, 28, 24, 23],
[ [[0,0,0,0,0,0,0,0,0,...[...]]  #[19, 23, 17, 0, 11, O, 28, 24, 23, 17],



import numpy as np
| = Z]_ ] 1= }\ O—" ¢ from pickle import dump
Example 2 - = / - Y- | from keras.utils import to_categorical
from keras.models import Sequential
from keras.layers import Dense, LSTM
P # dataset 4
® M Odel g o with open('data/rnn_sixpence data.txt','r') as f:
raw_text= f.read()

text = raw_text.split() #strip all of the new line characters , separated only by white space
text ="' join(text) #Sing a song of sixpence, a pocket full of rye, Four and twenty blackbirds ...\
0 g ] [ 01;‘}1‘-’1;‘;?27” ] alphabet = sorted(list(set(text)))

(b,34) M vocab_size = len(alphabet) ~ #34 ['', ', """, U FL 'O S, T, W tal, b el Y e, L)

mapping_c2i = {c:i for i, ¢ in enumerate(alphabet)} #mapping from char to code(inxdex)
Cross entropy loss text_encoded = [mapping_c2i[c] for ¢ in text]
(b.34) logits #[8, 19, 23, 17,0, 11, 0, 28, 24, 23,17, 0, 24, 16, 0, 28, 19, 32, 25,
| softmax | length =10 _ ' N
Y W'y sequence=np.array([text _encoded[i-length:i+1] for i in range(length, len(text encoded))]) #(399,11)
(b,34) X,y=sequence[:,:-1],sequence[:,-1] #(399,10), (399,)

X ohe =to_categorical(X, num_classes=vocab_size) #(399,10,34)
y ohe =to_categorical(y, num_classes=vocab_size) #(399,34)

# 2H dY

hio model = Sequential(name="“many-to-one RNN”)
model.add(LSTM(75
e input_shape=(X ohe.shape[1], X ohe.shape[2])))#(10,34)(None, 75) 33000 (75x440)
model.add(Dense(vocab_size, activation='softmax’)) #(34,)(None, 34) 2584 (75x34(w)
o +34(b))
[0,0,..] [0,0,..] [0,0,..1 -+ [0,0,..] print(mode]_summary())
S i n n model.compile(loss='categorical crossentropy', optimizer="adam', metrics=['accuracy'])
model.fit(X ohe, y ohe, epochs=100, verbose=2) # fit model
model.save('model many2one sixpence.h5’) # save the model to file

dump(mapping_c2i, open(‘mapping.pkl’, 'wb’)) # save the mapping




Example 2. &2} 7|5 217 o] &°
o ¢l H7L

o Y AL |oadst

o X dofA seedtext= A A3}l

o AL (207)E A SHA st}

=
- I
S 2~
o SHHE T HFEHAERSH
=1

from pickle import load

from keras.models import load_model

from keras.utils import to_categorical

from keras.preprocessing.sequence import pad_sequences

# generate a sequence of nb characters with a language model
def generate_seq(model,seq_length, seed text='Sing a son', nb_chars=20):
in_text = seed_text
# generate a fixed number(nb_chars) of characters
for _in range(nb_chars):
# encode the characters as integers
encoded = [mapping_c2i[char] for char in in_text]#'Sing a son' (n,) =[8,19,...]
# truncate sequences to a fixed length(seq_length)
encoded = pad_sequences([encoded], maxlen=seq_length, truncating="pre")#(1,10)
# one hot encode
encoded_ohe =to_categorical(encoded, num_classes=len(mapping_c2i))#(1,10,34)
# predict character
yhat = model.predict_classes(encoded ohe, verbose=0)
char=mapping_i2c[yhat[0]] #'g’
in_text += char
return in_text

#[17] (1,)

# load the model and mapping

model = load_model('model_rnn_sixpence.h5’)

mapping_c2i = load(open('mapping.pkl’, 'rb)) #{'"0,..}
mapping_i2c={v:k for k,v in mapping_c2i.items()} #{0:"",...}

# test start of rhyme
print(generate_seq(model,10, 'Sing a son', 20))
# test mid-line

print(generate_seq(model, 10, 'king was i', 20))  #king was in his counting house
# test not in original
print(generate_seq(model,10, 'hello worl', 20))

#Sing a song of sixpence, a poc

#hello worl,, The aeen was in t
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