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EfEA & ZERE - Fid0 M - Downsampling
ERHMEE(E - Tokenization - Sequencing & Padding
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ERAGR - UCIH &R Label message

_ 0 ham Go until jurong point, crazy.. Available only .
S| £ :

El-'—’l'xj(d\ : /\D-|_5572 EB'T':I: TH' 1 ham Ok lar... Joking wif u oni...
\/ E§Q$B1¢(ham)%4825% 2 spam Free entry in 2 a wkly comp to win FA Cup fina__.
3 ham U dun say so early hor__. U C already then say. .
v iﬂjﬂﬁg'ﬁ:(spa m)%747% 4 ham Nah | don't think he goes to usf, he lives aro...
N *Eﬁﬁz : |abe| E;_\El message 5567 spam This is the 2nd time we have trnied 2 contact u. ..
5568 ham Will 0 b going to esplanade fr home?

l1# Check data information 5569 ham Pity, * was in mood for that. So...any other s
2 message. info () 5570 ham  The guy did some bitching but | acted like i'd.
<class ' pandas. core. frame. DataFrame’ » 56571 ham Rofl. Its true to its name

Rangelndex: 5572 entries, 0 to 5571
Data columms (total 2 columns):
#  Colum Non-Mull Count Dtype

SRS 14 BEABRIE

5572 rows x 2 columns

0 lakel 5572 non—null object 2url = https://raw. githubusercontent. com/ShresthaSudip/SMS Spam Detection DNN LSTM BiLSTM/master/SMSSpamCollection’
1 message  5BYE non-null object 3 message = pd.read csv(url, sep = \t',names=["label”, “message”])
dtypes: object(2) 4 message

memory usage: or. o+ EB
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-1 i ringtone URGENT
GUARANTEED Call

awork
See

L]life
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(1) ':

Ve 1mg0t+-J

ustomer service PO Box

h'ﬁfegéavélenreply texty = co uk
collect o Please call

Mobile

iy . CMFR‘E E lotp Wi Leane,

national rate awai

home lor
et NOWG
still ohr

endplease Lol

1% wordcloud of spam messages

2 spam msg_cloud = WordCloud(width =520, height =260,

3 stopwords=STOPWORDS, max_font size=30, background color ="hlack”, colormap= coolwarm ).generate(spam msg text)
4 plt. figure (figsize=(16, 10))

5 plt. imshow(spam msg_cloud, interpolation= bilinear’)

6 plt.axis(off’) # turn off axis

7 plt. show()



2 02-ERBIEE— Downsampling

m FE}EKIP{@TE’T}I{SI_ | #Downsample the ham msg i o

2 ham_msg df = ham msg. sample(n = len(spam msg), random state =

v NI RA825E  Jwmmssd - spmnsg

4 print (ham_msg df. shape, spam msg df. shape)

v NIEREMEETATE (747, 2) (747, 2)

Distribution of ham and spam email messages Distribution of ham and spam email messages (after downsampling)
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B AAH map() BTVETE label BUETTIRES

N N 0 ham Height of recycling: Read twice- People spend ... 0
E — A
/)M =
‘/ E )dz EJ{B 14: K IZIE % O 1 ham Yup song bro. No creative. Neva test quality 0
e 2 ham Feb &lt#&ot; i1s "| LOVE U" day. Send dis to. .. 0
v HIREHIREC AL
ZINAL 7w 3 ham Don't forget who owns you and who's private pr... 0
4 ham Lol no. | just need to cash in my nitros. Hurr... 0
1 #ZEHERIML  (ham=0 & spam=1)
2 msg_df['msg_type’ ]= msg df[’ label’ ]. map({"ham’: 0, “spam': 1}) 1489  spam Want explicit SEX in 30 secs? Ring 02073162414... 1
3msg label = msg df[ msg type ].values
A msg df 1490 spam ASKED 3MOBILE IF 0870 CHATLINES INCLU IN FREE .. 1
1491 spam Had your contract mobile 11 Mnths? Latest Moto. . 1
1492 spam REMINDER FROM O2: To get 2.50 pounds free call.. 1
. . N N\ S :/—,
| %Uﬁﬁ tra|n teSt Sp||t() @ﬂ;&{j’é}lﬁlﬁt}]ﬁ 1493  spam This is the 2nd time we have tried 2 contact u... 1

1494 rows = 3 columns

v FIlBREE (Training data) %80%
v HIEH £ (Testing data) #20%

18 BBFHINA training and testing
Dtrain msg, test msg, train labels, test labels = train test split(msg df[ message' ], msg label, test size=0.2, random state=434)
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l# %EF preprocessing—Tokenizer HIFEZE
2max_len = 50
3 trunc_type = “post”
4 padding type = “post”
5oov_tok = 7<00V>»”
6 vocab_size = 500
7
8 tokenizer = Tokenizer(num words = vocab_size, char level=False, oov_token = oov_tok)
9 tokenizer. fit_on_texts(train msg)
10
11# Get the word index
12 word_index = tokenizer.word index
13 print (word_index)
14
15 % check how many words
16 tot_words = len(word_index)
17 print ( There are %s unique tokens in training data. % tot_words)
Paoove": 1, "0’ : 2, "wou @ 3, "2 14, "17:5 Teall’: B Tthe’: 7, Tu i B Cyour’: 9, Tfor’: 10, Tig’: 11, 72°: 12, Tand : 13, “now : 14, free’ : 15,

There are 4169 unique tokens in training data.
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02-E Rl B EIB— #EF (Sequencing) & &% (Padding)

B FA texts_to_sequences() BT, - Wl EE AR ENESE Y FRAEFFIIENR
m FF pad_sequences() AT - FEERERIEESHENERE

1# Sequencing and padding on training and testing

2 training sequences = tokenizer.texts_to_sequences (train_msg)

3 training padded = pad _sequences (training sequences, maxlen = max len, padding = padding type, truncating = trunc_type )
4 testing sequences = tokenizer.texts to sequences(test msg)

5 testing padded = pad sequences(testing sequences, maxlen = max len,

6 padding = padding type, truncating = trunc_type)

{

8 # Before padding

9 print ("Before padding:”, (len(training sequences[0]), len(training sequences[1])))
10 # After padding

11 print ("After padding:”, (len(training padded[0]), len(training padded[1])))

12 print (“training padded[0]:”, training padded[0])

Before padding: (27, 24)
After padding: (50, &O)

training_padded[0]: [ 1 47 186 9 34 1 3 24 1 2274 2 7 152 275 136 34 10
= &6 7 34274 5 15 17y 1 o0 o0 0 0 0 0 0 0 0
o 0 0o o 0 0 0o 0o 0o 0o 0o 0o 0 0
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Dense * LSTM - Bi-LSTM Model
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m A AEarlyStopping(JBRAT - BEEIENGISEAIEARAE S E 4R IR -
PR B mtaiginigE

1% Dense model hyperparameters

=

i

2max_len = 50

3vocab size = 500 # As defined earlier

4 embeding dim = 16

5

6# Dense model

Tmodel = Sequential()

8 model. add (mbedding (vocab_size, embeding dim , input_length=50))

9 model. add (GlobalAveragePoolmng())

10 model. add (Dense (24, activation= relu’))

11 model. add (Dropout (0. 2))

12 model. add (Dense (1, activation= sigmoid’))

13 model. compile (loss="mean_absolute error’, optimizer= adam ,metrics=[ accuracy ])
14

15# fitting a dense spam detector model

16 early stop = EarlyStopping(monitor="val loss’, patience=3)

17 history = model. fit(training padded, train labels, epochs=30,

18 validation data=(testing padded, test labels),callbacks =[early stop], verbose=2)
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Embedding (500,16,50) Embedding (500,32,50) Embedding (500,16,50) Embedding (500,16,50)
dense 24.relu dense 24.relu dense 64,relu dense 24 sigmoid
dropout 0.2 dropout 0.2 dropout 0.2 dropout 0.2
dense 1,sigmoid dense 1,sigmoid dense 1,sigmoid dense 1,sigmoid
loss function  bhinary crossentropy loss function  binary crossentropy loss function  binary crossentropy loss function  binary crossentropy
optimizer adam optimizer adam optimizer adam optimizer adam
epochs 30 epochs 30 epochs 30 epochs 30
loss 0.1283 loss 0.1288 loss 0.1246 loss 0.1420
accuracy 0.9431 accuracy 0.9331 accuracy 0.9465 accuracy 0.9431
Embedding (500,16,50) Embedding (500,16,50) Embedding (500,16,50) Embedding (500,16,50)
dense 24.relu dense 24 relu dense 24 relu dense 24,relu
dropout 0.3 dropout 0.2 dropout 0.2 dropout 0.2
dense 1,sigmoid dense 1,sigmoid dense 1,sigmoid dense 1,softmax
loss_function | binary crossentropy loss function 'mean absolute error loss function  binary crossentropy loss function  binary crossentropy
optimizer adam optimizer adam optimizer sgd optimizer adam
epochs 30 epochs 30 epochs 30 epochs 30
loss 0.0631 loss 0.0592 loss 0.6512 loss 0.1126
accuracy 0.7659 accuracy 0.4716

accuracy 0.9465 accuracy 0.9332
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loss

0.2 1

01 1

Training and Validation loss

= Training_Loss
— \alidation_Loss
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Number of epochs

28— Dense Model

accuracy

095 1

0.90 1

=
=]
i

0.80 1

075 1

Training and Validation accuracy

= Taining_Accuracy
" Validation_Accuracy

5 10 15 20 %

Number of epochs

0
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1# ZLSIM hyperparameters

2vocab size = 500 # As defined earlier
3 embeding dim = 36
4

0 ELSTM  model

6modell = Sequential()

7 modell. add (Fmbedding (vocab_size, embeding dim, input length=max len))

8 modell. add (LSTM(32, dropout=0.2, return sequences=True))

9 modell. add (LSTM(32, dropout=0.2, return sequences=True))

10 model1. add (Dense (1, activation= sigmoid’))

11 modell. compile(loss = 'binary crossentropy , optimizer =  adam, metrics=[ accuracy ])
12

138 fitting a LSTM model

14 early stop = EarlyStopping(monitor="val loss’, patience=2)

15 history = modell. fit(training padded, train labels, epochs=30,

16 validation data=(testing padded, test labels),callbacks =[early stop], verhose=2)
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Embedding
LSTM(n,dropout)
LSTM(n,dropout)

dense

=

(i

loss_function
optimizer
epochs
loss

accuracy

Embedding
LSTM(n,dropout)
LSTM(n,dropout)

dense
loss_function
optimizer
epochs
loss

accuracy

binary crossentropy

binary crossentropy

15—

5 |
2R
(500,16,50) Embedding
(20,0.2) LSTM(n,dropout)
(20,0.2) LSTM(n,dropout)
1,sigmoid dense

loss_function

adam optimizer
30 epochs

0.2359 loss

0.9243 accuracy
(500,36,50) Embedding

(32,0.2) LSTM(n,dropout)

(32,0.2) LSTM(n,dropout)
1,sigmoid dense

loss_function

adam optimizer
30 epochs

0.1987 loss

0.9357 accuracy

(500,32,50)
(20,0.2)
(20,0.2)

1,sigmoid

binary crossentropy

adam
30

0.2259

0.9321

(500,36,50)
(32,0.25)
(32,0.25)

1,sigmoid

binary crossentropy

adam
30

0.2192

0.9312

Embedding

LSTM(n,dropount)
LSTM(n,dropout)

dense
loss_function
optimizer
epochs
loss

accuracy

Embedding
LSTM(n,dropout)
LSTM(n,dropout)

dense
loss_function
optimizer
epochs
loss

accuracy

(500,36,50)
(20,0.2)
(20,0.2)

1,sigmoid

binary crossentropy
adam
30
0.216
0.9328

(500,36,50)
(32,0.2)
(32,0.2)

1,sigmoid

mean_squared_error

adam
30

0.063

0.9256

Embedding (500,36,50)
LSTM(n,dropout) (24,0.2)
LSTM(n,dropout) (24,0.2)

dense 1,sigmoid

loss function  binary crossentropy

optimizer adam
epochs 30

loss 0.2449

accuracy 0.9252

Embedding (500,36,50)

LSTM(n,dropout) (32,0.2)

LSTM(n,dropout) (32,0.2)

dense 1,tanh

loss function  binary crossemntropy

optimizer adam
epochs 30

loss 0.221

accuracy 0.9097
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LSTM Model: Training and Validation loss

0.6 -

05 A

0.4 -

loss

0.3 1

0.2 1

= Taining_Loss
— Validation_Loss

01+

Mumber of epochs

EHE— LSTM Model

0.95 -

0.90 -

pCcuracy
= =
o0 [=s)
o= un

[

d

[
i

0.70 -

065 1

LSTM Model: Training and Validation accuracy

~ Taining_Accuracy
" Validation_Accuracy

1 2 3 4 5 6 7
Mumber of epochs
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2 ¥f8— Bidirectional-LSTM Model

Q 03-f5EHY

1# Bidirectional LSIM hyperparameters

2vocah size = B00 # As defined earlier

3 embeding dim = 32

1

0# Bidirectional LSTM Spam detection architecture

6 model2 = Sequential()

7 model2. add (Embedding (vocab size, embeding dim, input length=max len))

8 mode12. add (Bidirectional (LSTM(36, dropout=0.2, return sequences=True)))

9 model2. add (Dense (1, activation=" sigmoid’))

10 model2. compile(loss = 'mean absolute error’, optimizer = 'adam’, metrics=[ accuracy ])
11

2# Training

13 early stop = EarlyStopping(monitor="val loss’, patience=2)

4 history = model2. fit(training padded, train labels, epochs=30,

15 validation data=(testing padded, test labels),callbacks =[early stop], verhose=2)
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Embedding
Bi-LSTM
(n,dropout)
dense
loss_function
optimizer
epochs

loss

accuracy

Embedding
Bi-LSTM
(n,dropout)
dense
loss_function
optimizer
epochs
loss

accuracy

=

(500,16,50)
(20,0.2)

(1,sigmoid)
binary crossentropy
adam
30
0.1871

0.9443

(500,32,50)
(36,0.25)

(1,sigmoid)
binary crossentropy
adam
30
0.1958
0.9492

15—

Embedding (500,32,50)
Bi-LSTM
(n,dropout) (200.2)
dense (1,sigmoid)

loss function  binary crossentropy

optimizer adam
epochs 30
loss 0.1633
accuracy 0.9564
Embedding (500,32,50)
Bi-LSTM
(n,dropout) (36,02)
dense (1,sigmoid)
loss function mean absolute error
optimizer adam
epochs 30
loss 0.0533
accuracy 0.9569

Embedding (500,32,50)
Bi-LSTM
24,0.2
(n,dropout) (2402)
dense (1,sigmoid)

loss function  binary crossentropy

optimizer adam
epochs 30
loss 0.1791
accuracy 0.9507
Embedding (500,32,50)
Bi-LSTM
(n,dropout) (46,0.2)
dense (1,tanh)
loss function  binary crossentropy
optimizer adam
epochs 30
loss 0.1492
accuracy 0.9558

Embedding
Bi-LSTM
(n,dropout)
dense
loss function
optimizer
epochs
loss

accuracy

Embedding
Bi-LSTM
(n,dropout)
dense

loss function

optimizer
epochs
loss

accuracy

(500,32,50)

(36,02)

(1,sigmoid)

binary crossentropy

adam
30

0.1319

0.9636

(500,32,50)
(36,02)

(1,relu)

binary crossentropy

adam
30

0.1871

0.9404
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2 ¥f8— Bidirectional-LSTM Model
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BILSTM Model: Training and Validation loss

0.6 -

05 4

0.4 -

loss

0.3 1

0.2 1

01+

= Taining_Loss
— Validation_Loss

Mumber of epochs

BCCUracy

0.95 4

0.90 1

=
]
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o
=
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0.70 1

0.65 1

BILSTM Model: Training and Validation accuracy

= Taining_Accuracy
~ \Validation_Accuracy

0 1 2 3 - 5 6 7

Number of epochs
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Dense LSTM Bi-LSTM
v" Embedding v" Embedding v" Embedding
. . v' Dense v LSTM v' Bi-LSTM

Training

v Dropout v' Dense v' Dense
Process v" Loss_function v" Loss_function v" Loss_function

v' Optimizer v Optimizer v' Optimizer
B A E R 0.9431 0.9243 0.9443
B fE(CTEE 0.9532 0.9357 0.9636
Improvement +1.01% +1.14% +1.93%
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Thanks for Listening
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