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Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ImportError: No module named numpy
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# import the necessary packages
import numpy as np

class Perceptron:
def __init__(self, N, alpha=0.1):
# initialize the weight matrix and store the learning rate

self.W = np.random.randn(N + 1) / np.sqrt(N)
self.alpha = alpha
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def step(self, x):
return 1 if x > @ else @
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def fit(self, X, y, epochs=10):
X = np.c_[X, np.ones((X.shape[01))]

Glresls Xl 13yls 3L golest )b SO of s w0 5 sl selyl o o fit de
LU L Sl il ) s Lo Bdn s 3 S Loz Y i 5 Lo 85540
5541 PEreeptron « olsesss sl o a)ls 1y 0555 byl «olg 53 (&S iy
Joel (53580 slaosls 53 S 51 s 255 b 1y (5w IS 3T o il dal >
JH13 3 et (B 50 BB bl G Ol 0 1y bl as e Gl L 4 8 S

oS s L m3ls sl o Aol Il e S0 R 55 035 e Sle

# loop over the desired number of epochs
for epoch in np.arange(@, epochs):
# loop over each individual data point
for (x, target) in zip(X, y):
# take the dot product between the input features
# and the weight matrix, then pass this value
# through the step function to obtain the prediction
p = self.step(np.dot(x, self.W))
# only perform a weight update if our prediction
# does not match the target
if p != target:
# determine the error
error = p - target
# update the weight matrix
self.W += -self.alpha * error * x

e 0593 A (Sl 0S e 2 0553 35 4 1) O 5 058 e eslil el S5 Sl il s
oS oslid 4l ) s 2 Sda IS e 5 ST 03l e A (55, g
G ossdp @3 S W 335 il 5 X S35 S Shs o 51 ol (e
o2 5 5 Al Gy s b G 5 e g Al B s
osbopl ST asl el cilas Gua b b oy oS w3 el | 055 Sle))s
St e (e b i) Cadle annloes L1 e il

Coow & rtf&.j Lo ol pd o el U 5T b )3 035 G le ol Sz
b (2l Sl 530 L O s (e 93 51 3l G (b 3 sl oo (sipaile
G255 GLadped &S dnd i o5k |y 05 b ol 50500k (olo ) glresls o
(S Shpakb sy 1) 55

Sl by OF pU 51 a8 glailen 5 ol predict (S iy a Lb oS ol
1358 g0 o3liiul (63955 (SLesls 4 sazes (6l WIS Sz 5 oo i

def predict(self, X, addBias=True):

X = np.atleast_2d(X)
if addBias:
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X = np.c_[X, np.ones((X.shape[01))]
return self.step(np.dot(X, self.W))

Ozt L g (gduai s WL oS5 )15 5L X (639,55 slaesls 3l (glas gazes 4 L predict s
e b3 g8 Lol b bl O s SO LT iy 6558 ol US55 gy 2 S
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LS o 8w S S o 5 05 Jles!l (XOR 3 OR <AND) (s sLaesls

S ) 1y 25 S S ol 6l oS SieledT 1 0T OR 6313 s gazes 3 1l

# construct the OR dataset

X = np.array([[@, o1, [e, 11, [1, @], [1, 111
y = np.array([[0], [11, (11, [11D)

# define our perceptron and train it
print("[INFO] training perceptron...")

p = Perceptron(X.shape[1], alpha=0.1)

p.fit(X, y, epochs=20)

le{\)b[)_}f;«aﬁ V)?L)k;‘-.ﬁ;f@g_éfj’lbORo:b@wvj Y bshs s
.M)@&jﬁTb}j) Ye o a :Oléjrfﬂ:a

Bl 5348 028 b 6 oS L5l esls 555 1 OT b 35> Perceptron %) sel 31 dw
1wl 45 8506 1, OR w5

# now that our perceptron is trained we can evaluate it
print("[INFO] testing perceptron...")
# now that our network is trained, loop over the data points
for (x, target) in zip(X, y):

# make a prediction on the data point and display the result

pred = p.predict(x)

print("[INFO] data={}, ground-truth={}, pred={}".format(

x, target[0], pred))

ol 2 2o 2l IS

import numpy as np
class Perceptron:
def __init__(self, N, alpha=0.1):
self.W = np.random.randn(N + 1) / np.sqrt(N)
self.alpha = alpha

def step(self, x):
return 1 if x > 0 else 0

def fit(self, X, y, epochs=10):

X = np.c_[X, np.ones((X.shapel[01))]
for epoch in np.arange(@, epochs):
for (x, target) in zip(X, y):

p = self.step(np.dot(x, self.W))
if p != target:
error = p - target
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self.W += -self.alpha * error * x
def predict(self, X, addBias=True):
X = np.atleast_2d(X)
if addBias:
X = np.c_[X, np.ones((X.shape[0]1))]
return self.step(np.dot(X, self.W))

np.array([[0, @1, [e, 11, [1, o], [1, 11D
= pp.array([[0], [11, [11, [11D

define our perceptron and train it
print("[INFO] training perceptron...")

p = Perceptron(X.shape[1], alpha=0.1)

p.fit(X, y, epochs=20)

H< X

print("[INFO] testing perceptron...")

for (x, target) in zip(X, y):
pred = p.predict(x)
print("[INFO] data={}, ground-truth={}, pred={}".format(
x, target[0], pred))

g 03y Gl pyyse a2 U AS 6l >l 5l aw

[INFO] training perceptron...
[INFO] testing perceptron...
[INFO] data=[@ @], ground-truth=0, pred=0
[INFO] data=[@ 1], ground-truth=1, pred=1
[INFO] data=[1 @1, ground-truth=1, pred=1
[INFO] data=[1 1], ground-truth=1, pred=1

LS\J..»ORJ{LQ.O.Jj.:f..vbl::bORQWCMJ\}SLAQ)MJ#c:ﬁ@oMLLAAS)jLQL«A
i S Sos OLS S aen sl i Xy = 0565 = 0

X = np.array([[e, 01, [0, 11, [1, o1, [1, 111)
y = np.array([[e], [@], [el, [111)
# define our perceptron and train it
print("[INFO] training perceptron...")
p = Perceptron(X.shapel[1], alpha=0.1)
p.fit(X, y, epochs=20)
# now that our perceptron is trained we can evaluate it
print("[INFO] testing perceptron...")
# now that our network is trained, loop over the data points
for (x, target) in zip(X, y):
# make a prediction on the data point and display the result
# to our console
pred = p.predict(x)
print("[INFO] data={}, ground-truth={}, pred={}".format(
x, target[0], pred))

OF 53 &S ke ¥ 5 ) bohas (s S i a5 (uS bghas g Lol j5 oS uiS ax 5
.rj‘aﬁ;\-&fﬁ:OROQ‘}&M&L?Q?‘)ANDO)‘J&M
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[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
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training perceptron...
testing perceptron...
data=[0 0], ground-truth=0, pred=0
data=[0 1], ground-truth=0, pred=0
data=[1 0], ground-truth=0, pred=0
data=[1 1], ground-truth=1, pred=1

AND Slos .S Jka |y AND b swsids ol 5 Lo PErCEpLron ol ss « A sl
AND s slacS 5 aen gl saibxg = 15xy = 1o Sl Gy by Ladsd

A)\_gbﬁ).lsﬁ)‘%ugjf‘r»ﬁbXORdlﬂ}J“JC’CMJAKJUJrAJAJb-\ olgd o

X
y

np.
np.

LS

array(L[e, o1, [e, 11, [1, o1, [1, 111
array(L[e], [11, [11, [elD)

# define our perceptron and train it

print("

'"[INFO] training perceptron...")

p = Perceptron(X.shape[1], alpha=0.1)
p.fit(X, y, epochs=20)
# now that our perceptron is trained we can evaluate it

print("

'[INFO] testing perceptron...")

# now that our network is trained, loop over the data points

for (x,

target) in zip(X, y):

# make a prediction on the data point and display the result

pred

= p.predict(x)

print("[INFO] data={}, ground-truth={}, pred={}".format(

X,

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

target[0], pred))

el sy ) 50 40 s WL IS gl L

training perceptron...
testing perceptron...
data=[0 0], ground-truth=0, pred=1
data=[0 1], ground-truth=1, pred=1
data=[1 @1, ground-truth=1, pred=0
data=[1 1], ground-truth=0, pred=0

ol sy 25 2500 4 5L ol (s oS L L YL ST bss il

training perceptron...
testing perceptron...
data=[0 0], ground-truth=0, pred=0
data=[0 1], ground-truth=1, pred=0
data=[1 0], ground-truth=1, pred=0
data=[1 1], ground-truth=0, pred=1

adsl aaslie sla iy b ogline (6 5L slag 5 b 1y iuledl cpl DU dor o s
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9L U anc o 6o aSaid il b gl Joul J sganc 6,550

ol ot (G5ledld w5 bt G sl (els 5L Lo azsT (e

@ aAi |y l@oala 2lgisod j4 a g9 wul s ayadun &y lailb gyg w1
oAl (il vtinod 218 129 pha4y iy 2l AuA6T L6 Jha wjygn
.ag1,0 oalaiuwl (292 §aiasuh Jiluuo sl had

(92 gl (smac dSub) aul) 339 g, w2

Svaib 5o SUIS pde (O o mae $LaaSd Lol o doee (i 0Ly o) sbOLes
ue&..& )L’;>-Lw L QLH 4:1\1 &3 )\ oslaul K L;E}Jf“)‘:’gﬂ"”\} oS ol @Lﬁa)‘)
S Ol5r (s sdous ool o sl 3 G803 ole o od sdoes ol el (g3 S
S bl &S e ol 31 (6146505 23 S ookl s 5 5 53505 Y o Oy Y
sbasl 4 b (multilayer perceptron) a¥aier o fom p (el (il 0 55 Goe
feed forward ) ;s oy mae $aaSed Ol5e b oI iz en & des MLP
Geo (5500 53 e acyy 53 1S5 51 sl ol 1555 0 03 pU (eUral network
J)‘JJJ)?)&})W@&QT&J})}&\J:’ S o il d}”-.'OTLSJlijNJ:b“:’

AL s b e el ool &S

SO

Jal olg @Y-—I Lp: olgo oY

Ol Y g3 b s 4505 K YT IS

O 02 b Ol s s Y Sl ey Cgr o baesls (MLP G s

dslos L3 Y (ads) 5 48 sazmn SI3035 o Ko Y @ Y a5l 8, b el Sl g g
& Ol GMHSPL s Wpd e Jame Koo a¥ a4 s d Sladld wb G Jlesl L
Sl s> Ol b 5l oS il (63,5530 JLasl 552 ¢ds (Feed forward) s i
Olgy saa¥ @ (53555 31 kb palie) L5l gz Jiho 355 (53555 Ol 58 @2 0,9 ke
S e ol 53 13 g a0l S5 5 slaaY @ (55 MAe g 5 Loy p (28 & e 3



P ——

S G 3 Sos b 4 (Wpd oy Sy s 4 palie das e o3l S oSS
Ot b 0L sl 4 e ¥ 5l slallin 5 b 3l adan oSl )3 bag3lad b o iy
SL0355 51 S STz el (fully cONNected) Juams SolS” s G pizean 4505
LS o 233 A3 ¥ slaorgs 5 pled 51 Lasa s o Lol fuame gy g S 4 4SS
cled Y Y S 0 S e Jie i Y el sy plad 4 |y 25 s sHled s
el odalie BB Olgy ¥ YL e 5SS

S lasns)s il (sl slass s, s 5l glas samms 555 0 Il 4o &Kl opl & oKn
SOy €555 0 el pl Kisd o )] St & (53555 &Y 53 K sbais) 5 G b
alwdled pl 5 iS4 5 Lo ss ool & gl 03 b 3ladlad & gin Y
b ¥ ol Glais) s Gladd by s a¥ @ b ol e Ol 4500 b
G 5 Lo 63555 @Y & S SLS Jos sl el olg s s basasys 4 S
st g 0l Olgy slaaY (s S Y

el s Y Wl @ Olgy e sl bl il e S8 S Ges
o8 k55 gl 5L sy e slawY sl ol Y 4w gl Yo S s S ol ol
O &Y 4w b all G oS ol 0dd ol (Jb b ol 5L Jl g G a3 S o
Ly A ol s 2B 4 b (b a LS e (st Y S Ol @Y 53 o)
Gl S S 35 53 Gres sl p3Y Ol saeY slans JBlas el 3 (gl oy
Goos 853 SG Ol & YooY IS0 50 608 iyl o oS e iy 0 Ol g
o3l s Olgy @Y 53 51 e Gaes GlaaSd i Jb- ol b osd s o 5
Al Y b s b os Gaas slaalls )

:2jgui,0 0ala yujgol JLliiilyy sH40 gl U MLP ja laggygl
Joc (universal approximators) gola slajbcuyyéi ylgic o @MLP

9 aUjy udi |y slaiwgy &b ja aiilgiso layl J4ya ajle @ alisi0
A Ja 1 2y Auhei Jld ghd ajgn ag al Glluo 2ilgio




9L U anc o 6o aSaid il b gl Joul J sganc 6,550

wlal sl & U laii jgauiy grac §laaiut as cuwl 0ad oala by

23 1A I8 oalaiuul ygo aduugl &JU Ja iy bi sl allgio
oc S gijgal g (;alb b bu,s Jolus

Cob Sl iy alie 1 glas sas 3L ae slaaSd 53 (5,50 Al b 5l s
Sl 3L ails inllas aly Gda pslie b oSl o B pnne a5l 25 5 55 00
::)b;ﬁ-ja\.f&x;g-obz;mﬁ@uiij)f\Jb);dih»
A s eslinl (gl Olgs slaaY sl O] =
(r)aY js Ly, s sl .Ql.g;.gQY,AJ:‘)”‘,}J;%}h;u:wldu‘;ﬁfM .
S ol & Sl ras 5 S (b 3 e S S 51 S 0Ly
G 5 3 e Al edomy slaesls (iludie 4 5ol aKld 50 eslanal gy 5
Oan i sal Oley 09 ealil (55 65b) sl B s g dal g Chns Jol
D3 5 e e Sl S &S O 5 5558 SV gb A Sl re
Laosls 53 (B3l 520 (S3ludibe & o pab oS bl oo BLS) 351 p iy oS olSCn
ssba Lol ayls cillas bl (slaesls b o> a0 s & ol ol 4o .S o
b ssse cpl SRl sl b e ot o3 5 Lk slaosls @ i
3 g el e yloel
s h G S Sl ows lakeaS 51 48 (6l o iy Sl S (3L
Jo ol S5 a5 (6 b LT sl 4T 3L s 05 Lades ol S J gons
Bl (i 05 By L) (R ladite (ae Slaad BT 5 g angy
Olpe & (e 808 S 5 bl it (e ST 05 g 40 poes (3L
ol sl b S5kt A3 ol cpl il o 8 s LB Lagsn 555 51 a0
L lseal pedans oG Ylatod (iS5 Lo s 51 ol Ol L s S .08
3,5 Al edalin ) dile (6L o saaaS

J9e pd) Jas e olas | Q)'j;ﬁj)\.&»\.@,ﬁ\ﬁj Sl 0l obu)wﬂ)@ O:v\
(b;b\
Jstre o) 0,95 S5 3 gy Jomoly S 4 ol Ko

gt Sl 6l omas S i Liel @



P ——

Gjlw(led 20U

Slwdlad wl s B ool 1) Geas 6500 3 93L) oaal ) giledld b
VE 03l o s B ol ol olles (5w S5 alns 5 (63555 5l (24 L)
A 23L55 LS ST 2 5me 0555 2 3 GHledlad S WIS VB o L
o3l L3 Oy 0 158 o Sl (sbms w512 1y (s LU Ll oy Sl
e b3 Jlad b 055 S 458 e el Sladleb

B O S5 e G b (g3ludlnd mb sk e € ST (Gras 00 50
(@\W&J&&;ﬂjﬁbdla.&-ﬁéal,wbucﬁbyc\jw\af\,g—?!c,.w\o;l.w
ilise gl gl andlan (ool ply S o ol Cnlls plowl 5 (6 53L& B 1, O 5 s e
Siladlad 1l cabis g5 OBl 6l (S3ladlnd b pa Colre 5 Llse Jlos 5 452 5
6958 b B> &Iyl ol cae a5 Ao SG 3 1) CBs 5 Do g 8 Llgy oS
Ol 5,50 53 1as 45 (Vanishing gradient) al:mljf_,m I s @ amen Ll
-W‘W)MWLSD:' ol 3lwdlad @L"(..:.E:J ‘éﬁﬁab}w

LU All AL Sl LIS e Gree ladid 5o sl 550 iladld w0
S3ledles 0 S g Sla Tios 51 (Ko AL s ol om0 5 50 |y ol sl S
S i o amlons (g 2 Y s &S plalkes 5 el AL pdugnde L STl gl
Sl &8 J 53 Ll e (53l plosl 6l pdiGrte 3ludled mb SO S
5 L0)s 4 ax g b Uas slapbsl S el (sl |, (propagating backwards) » Sie
Gl ST a L) das e plil 2818 LS Sl sl b Laty) s (3luigy e
el 5L 3550 (e a8 6l (5 503

S0 69,40 (b3 e 6w led pilgs L2
(forward propagation) g, sk ;L Jsb )5 ¥ a5 1y slal a6 G (sludlad C’t’
215 0o & )l e 4SS G S 55 003 |y B O dloes el A28 0 B me
o5 G la bl 5 Lagsss S eslinal U LS )5 2 ey g0 O 53 S s S (5 Ludlnd
S5 53 Olgy &Yt 514 310 aal Ko ol 51 dms e plosl asd s 655 b
5SS e pla S 5l JS8 G 4 Y e Sz oSl 555 e
Wl |y i 0 g S G iy 58 S 5 sl s B G 55 s b

RGIAEY



9L U anc o 6o aSaid il b gl Joul J sganc 6,550

W3 s Wy Wy 055l e 5le LS auyls Olgg eV av s X (5,5 )15 p S S 58

Iy y=x W, W, W, i Lo e 41....2 csolwdlad C’B @A O Loledls esls HLES
o Al D o G Sz s W = WW W3 S 55 sb asy=aW b sl il 475505
el 5 BUS pl S0 (o Jodd o 5l e (o (S3ladlb 0l G B me b ol

y=fi (Wlfz(szs(st)))
Bt 1B S e Lalul 4350 5l (A3 (b 2 oY ol (555 Ll Y 2 05S)
2 i s ooy
Aob aAuw ay U aguu,0 aslal cgino cuac aAun a §jlwJles b Ay
Ay ab Iy @oala ya oy slaghll ais

Gjlwdled 22U Sy wglbn W Sig

b o G S5 Al e (saeSs s (S3ladled b s S0k 5 S Ol
b L3l a3l Wb ladls ml S o sllae Gl Sios 3L 4dls olan 4 555 53
DS aMs L) 4 Ol

3L o ladl b S 0l 5y o) sboles ((Nonlinear) Jas 5 =
03,58 @Y S5 g So @ ol Olie L Oy Y i L s SO
o S5 S0l 4 (Sl 0l 5 b 2508 )l )l s S5 Sl xS
s sl (6,50 4SS Ges Wyge ol 05 38 Ol (o Ll 3 3,k
wdls i b coals vl § 0 &8 Loy (iladled b 55 03 Jas bl plo
Lesls 3115 550 b b S0 o gums s 45 G 8 ool ) il (55575 3L
Fgoan s o5 Bl (6558 S3Ladlb w53 03 oS b 038 e sk
25800k gl b b b S e Sl

b sl S ie Lb siledled mb 2y 5 1(Zero-Centered) S — i ®
02300mn & 2o S Sa o al Gy LSS S ol g 4 0Ll
Aot LSS S0 i 4S8 (g3ladln b BT 0Bl e 5 e jaalie sl of
e b e lis 4 alier @Y SO (2 (b ol e Alea b e
D3 i 63513 6 iy Ly g 4 S Od 1o cam 53 35 e A
L5 3550 glao 53 3l ABLS S m ies 3 (3ladlad b ST icpl by 35 el
Wl g S0 o (S oS ol 3 mn il r G151 S (255 ) e
ROWSIPTTI- ey



pP———

Jlesl &Y 2 5l ey ($5ludlad ol 55 :(Computational EXpense) gluslow <y pa =
LT deloes cpl by 55 donlows Gooe (5LaaSCd 53 5L Wad b b 5 55 00
AL O1,) Sleloes B 5T LL

a8 0Ll S aT s ol eslinul b was saaSs :(Differentiable) s e ®
Gt $3555 4 s b giledbb b el 03Y cplply (Lo 03ls 5l
el Sl b S5 5 Sas (Sl 65500 5SS ol AL

AL e &) Ko 558 e Ll 5 e b S 1(CONtINUOUS) done gy

G\ S 2 &S5 (6, G b 3 (82555 lesls :(Bounded) Llsol S =
3340 OIS S 53 b S 55 apd e Jime i (s3ladla RN
Dl J S sl o508 (explode) e sl (Ko (s MR LSS
o $03 0 Ll el s (S3Ludlad L 1o S oals ol

axuud dalgn T b s jlweJled gilgd dS (3 USuinn

(dead neuron) o3 9,4 L}.i.ws s (Vanishing Gradient problem) ()‘fé‘)?‘,?vﬂ Ji..‘we
i g0 0T L s 0,80 (g5 lwd e B5 S At Slodos S 5

SN 5 2 0Ll E Sl eslid b eae gl 1pbsl S g JSCs @
3, Sce 36 55 Ll ey oy S 51 sl pin 5 0 0313 55 sl HLESI g
S Wl 2 S5 ol @ BBl pl s 5SS 5SS 0Ll S o
Y G & GG &Y 51008 (B L L a5 iS85 a0 el 0bsl £
Slinte Olgy ¥ 1 pdls b gl 53 il o (Sl o3 0 56 Sl eslinal b ol
% 75 b el S S olinde ) SV 0l 50 0o s o ¥ 1
5 Lsdp o S i 5o L) 5 My SRl ol @0 4 sl sl
RT3l 25 DLl B gome oy o ol (an (2550 B0 450 (553
Aol Y cpl 5 L5 ged Slsin v SIS )5 S8 glapbal S epl o
Rl 3 Bpd e S BT ds oo @ e ien e Laesls c LS s L
Sk Goe s 4 T 0l S o3 le 0K 3k pwys & 15 el LY
&E el b cpl Sl Kssie e OV e e b e oS (ludles
L3185l O3S g flie 53 ol kS s Cons & OLLS 6 LU
S e k3l Sy bapbls S slie S1.5,05 3 > 5 (Exploding Gradients)
2o s b o B gl s 55 e oS08 Je 035 S b s



9L U anc o 6o aSaid il b gl Joul J sganc 6,550

W05 5 oS 5 e ol 53 S5 sLaOL Sl (aaY ) JUasl G )b
oy 5T g oo 1y (LU glaSd 5 cuils kal i luyisp Ul S0s

Ao B b o w1 52505 5 S Side 3ledlab b G (SB5 1030 0955
Ain (63,0) Jd b 2l s> 4 SaS sl bl (slagy gy 5 0T (S s ,lsls
S W5l 5 IS 4 o)y & 3505 355 ol Wadis by S e o
e ) e 4 4SS 38 o Sl 4 o8 1 Sy e S5 § e
s e S S8 A 4 Ll 5 ed 3505 51 (S5 it 5 Rl s et
& 88 Gl Jsb 03 63505 3 (Son pie ol (S 15 558 0 JSC00 G 4
030 (a0 5" (b go Jlnd b Dl & 055 pl 358 Sl b elS ) 5
2D ghay 13 55 o0 0dali 030 09, 85 JSoe Ol g 4 JSn 2l 5 L 5d s 0dsl
5 e 33 S g5 0 S 555 40 s oo S P M) 13 03,0 0555
Sl |25 LS 5 L 355 09 LI5S O 8258 o0 Sl yal (o358 00 Jlad
03,0 0955 G Gob H allas 3 dal s i b S8 sl b e sla05s 0
M 3B St slalisn s Kos 530 el ply g e i 5

3,)15 2 sjlwJled gilgs

o210 BT Gl S5 5 S3lwdld w5 o 53 208 0 0 i ol 53
Sigmoid
s s RS 5 ) ot SIGMOI Sladlad 6
1
1+e™
oS o IS O 2 53 1) ol ol Il el Sladlnd 5 (53555 % 0T 3 oS

o(x) =

def sigmoid(x):
return 1/(1+np.exp(-x))
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def der_sigmoid(x):
return sigmoid(x) * (1- sigmoid(x))

S 3505 1) 5 IS IS ol 6l S S5l e 1 O Gite 5 SigMoid b Ly Il

import numpy as np
import matplotlib.pyplot as plt

# Sigmoid Activation Function
def sigmoid(x):
return 1/(1+np.exp(-x))

# Derivative of Sigmoid
def der_sigmoid(x):
return sigmoid(x) * (1- sigmoid(x))

# Generating data to plot

x_data = np.linspace(-10,10,100)
y_data = sigmoid(x_data)

dy_data = der_sigmoid(x_data)

# Plotting

plt.plot(x_data, y_data, x_data, dy_data)
plt.title('Sigmoid Activation Function & Derivative')
plt.legend(['sigmoid', 'der_sigmoid'])

plt.grid()

plt.show()

Sigmoid Activation Function & Derivative

1.07 — sigmoid

der_sigmoid
0.8 A
0.6 4

0.4 4

0.2 1

0.0 1

-100 -7.5 =50 -25 0.0 2.5 5.0 7.5 10.0
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tanh
3,15 Sigmoid (s3ledled w6 b (S5 Lol ctanh b o586 ) sds <3156 s5ladleb wb
il 23 @30 4 O sBly S5

X —-X

sinh(x) e*—e
cosh(x) eX+e*

oS o 9 25 s 3ot 5 O il 00 052 53

f(x) = tanh(x) =

=20(2x) - 1.

def htan(x):
return (np.exp(x) - np.exp(-x))/(np.exp(x) + np.exp(-x))

Sladbed 3l ot pwlis d3ens SO S5l 4 taNh o3 5 o sdalive YU dolas 53 &85 4b las
Sladbe 71, Q;)’&w.a 3B o el J'fJA_JLa WJb 2l b .l Sigmoid
Slosgdoes 53 HI501S 5 pdoie caw s &b opl s as LS 555 515 55l Sigmoid
Lsuébj)_g_gu\;{;;a Jgjfjfg\ymbjij ‘uw cu:u\)vL.a sl (=N Y)
2 tanh g3ledles wb cplply Lpd e CS i slazs 5 ¢ tanh & i loas
J\S& J> \) Singid CU Q.)ﬁj'fj.ﬁ_JM (:J& Jg.iwj Mb@;fe_}&-ﬁ

2355 dalos 2 ) 50w taNh U ke

fO) =1-f(x)?

o2 2 oot L OF a5 Ol 3 o

def der_htan(x):
return 1 - htan(x) * htan(x)

IJ»:'&{b)b ‘)J:') Jf)KU:JLS‘J; VJ&)L&)M ‘) QTém_jtanhcb Jil.:.v

import numpy as np
import matplotlib.pyplot as plt

# Hyperbolic Tangent (htan) Activation Function
def htan(x):
return (np.exp(x) - np.exp(-x))/(np.exp(x) + np.exp(-x))

# htan derivative
def der_htan(x):
return 1 - htan(x) * htan(x)

# Generating data for Graph
x_data = np.linspace(-6,6,100)
y_data = htan(x_data)

dy_data = der_htan(x_data)

# Graph

plt.plot(x_data, y_data, x_data, dy_data)
plt.title('htan Activation Function & Derivative')
plt.legend(['htan', 'der_htan'])

plt.grid(Q)
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htan Activation Function & Derivative

1.00 1 — htan
| = der_htan

0.00 1
—0.25 1
—0.50 1

—=0.75 1

—1.00 1

Uheo

239450l U s Mwarugs U el 30,00 g s 3y  Sigmoidcots,, =

A3 godlor 19— ) oarsl039420.03109095 sa9s

culDo

RSV JEWWERS(-YS I

.mlogal,ggaom u

ReLU
IS s ol slaa¥ L olaasCs 55 015 3 1 tanh 5 sigmoid s3ludles ol
S50 53 S3lwdled Wl o S sroes S RELU (ladla b .5 S oslind 0Ll S e
JJG;JMJAJ@UB‘MMJJS@WQQJ‘;‘}NNJ; ‘(O%QYJJ)W\M
g s e 4 RELU a6 a3l il (6 2 52,5554

£2) {O forx <0

X) =

x forx>0

et 2 030w b Ol ol B 05 02
def ReLU(x):

data = [max(@,value) for value in x]
return np.array(data, dtype=float)
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333 o los 25 S 0t RELU b i

-~ _(0forx<0
f(x)_{lforx>0

1S o 598 2 gt ) O ol S 0521 53

def der_ReLU(x):
data = [1 if value>0@ else @ for value in x]
return np.array(data, dtype=float)

:.Xr;fb)\) bﬁj.ldeéI.&A} ReLUGLSL;jLUng\ﬁ

import numpy as np
import matplotlib.pyplot as plt

# Rectified Linear Unit (ReLU)

def ReLU(x):
data = [max(@,value) for value in x]
return np.array(data, dtype=float)

# Derivative for RelU

def der_ReLU(x):
data = [1 if value>0@ else @ for value in x]
return np.array(data, dtype=float)

# Generating data for Graph
x_data = np.linspace(-10,10,100)
y_data = ReLU(x_data)

dy_data = der_ReLU(x_data)

# Graph

plt.plot(x_data, y_data, x_data, dy_data)
plt.title('ReLU Activation Function & Derivative')
plt.legend(['ReLU", 'der_ReLU'1)

plt.grid()
plt.show()
RelU Activation Function & Derivative
101 — ReLU
der_RelLU

8 -

6 -

4 -

2 -

-10.0 -75 =50 -25 0.0 2.5 5.0 7.5 10.0
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Softmax
Sl Vel 231 (gl S i gduar b Jilws 55 25 5 Ol s 4 sOFMAX LG 5
TS 2209 Shoard (gl a7 SIgMOId GBS ,) 558 oo eslinnl Calides gla WS
Sas Bl LSLAw%rLQJ Sy ly s WIS s oY¥le! Softmax @b (s ool
(LS o SLS O NS nd 4 4S) US e dnsles

Zj

e
Softmax (z;)) = o—— forj=1,...k
k=167

bl 4> o .JJ\.ajfdaﬁ NLyRve (IS Glae esls 4y SO (6l 5 1y Jlez| Softmax
el Y ool aan CMSA:.ZL»

oS o 90 25 s g0t 5 O il 500 052 5o

def softmax(x):
return np.exp(x) / np.sum(np.exp(x), axis=0)
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import numpy as np
import matplotlib.pyplot as plt

# Softmax Activation Function
def softmax(x):
return np.exp(x) / np.sum(np.exp(x), axis=0)

# Generating data to plot

x_data = np.linspace(-10,10,100)
y_data = softmax(x_data)
# Plotting

plt.plot(x_data, y_data)
plt.title('Softmax Activation Function')
plt.legend(['Softmax'])

plt.grid()

plt.show()

Softmax Activation Function

01754 —— Softmax
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Losly ol SO ly Softmax b zp> w8 (53 cdb dals
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Ll C S
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xS ¢ Ol A B S eslied L oJla Olse 4 ool (S50 (rate decay)
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import numpy as np
import matplotlib.pyplot as plt

from matplotlib.ticker import MaxNLocator
from itertools import product

el x & @S o ymi |y f(x) = x? — 2x — 3°>qudu&3@,~:6\ﬁ
i 25 30 |y f oLl S S, s szl 9Ll § 51 2alSobsl S48 oleol 31 dcs i
Vf(x)=2x—2ﬁ‘w\fdj\‘_;:.:ﬁalaj_e4§‘ﬁ§@

def func(x):
return x*x2 - 2%x - 3

def fprime(x):
return 2*x - 2

Glwtingy A3 Jgb 53 (80U s 5 s W sy Sl b 052k 2l e a5
S



pP———

def plotFunc(x@):
x = np.linspace(-5, 7, 100)
plt.plot(x, func(x))
plt.plot(x0, func(x0), 'ko')
plt.xlabel('$x$")
plt.ylabel('$f(x)$')
plt.title('Objective Function')

def plotPath(xs, ys, x0):
plotFunc(x@)

plt.plot(xs, ys, linestyle='--', marker='o', color='#F12F79')
plt.plot(xs[-11, ys[-11, 'ko')

(’:’h‘}’.'& g(&w\aﬁa:‘:ou&ﬁjJD&M&L”«f) ﬁf&t}ﬁx = —4
LA e X = 1 o a8 Wl 5 e 2R OLs) LTS o

X0 = -4
plotFunc(x0)

Objective Function

25
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fix)
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-4 -2 o 2 4 &
X

ol )5 Xy aeds a6l :V:;f@Q:_U,ajajﬂof\y\)o>udi@lfolfa\ﬁﬁ)ﬂ\;§ﬂ
o3 oo 013 0Ll S e e |y Ppe g s el 0 S B ) g pE U sk kAl e
et ol 1y ol e cpl s Jsa b 5l sl b

Xg+1 = X + QD
31 5 (1 X 1075 Lo 350 45) ol cpome il Hldis SO 31 5YL oLsl $a8 ol
OV bosyge ) Conl ms Hlie G o e

def GradientDescentSimple(func, fprime, x0, alpha, tol=le-5, max_iter=1000):
# initialize x, f(x), and -f'(x)

xk = x0
fk = func(xk)
pk = -fprime(xk)

# initialize number of steps, save x and f(x)
num_iter = @

curve_x = [xk]

curve_y = [fk]

# take steps

while abs(pk) > tol and num_iter < max_iter:
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# calculate new x, f(x), and -f'(x)
xk = xk + alpha * pk
fk = func(xk)
pk = -fprime(xk)
# increase number of steps by 1, save new x and f(x)
num_iter += 1
curve_x.append(xk)
curve_y.append(fk)
# print results
if num_iter == max_iter:
print('Gradient descent does not converge.')
else:
print('Solution found:\n y = {:.4fX\n x = {:.4f}' . format(fk, xk))

return curve_x, curve._y
ol Calises (gla sl b f (5, ‘,ﬁsggg\ﬁﬁ,ﬁ\jﬁ@a gorsx = —4)

:Vr:?gf

ax = 0.1

ax = 0.9

a = 1 X 107
ax = 1.01

Ay = 0.1 'd‘g“z’)t‘o

xs, ys = GradientDescentSimple(func, fprime, x0, alpha=0.1)
plotPath(xs, ys, x0)

Solution found:
y = -4.0000
X 1.0000

Objective Function

25

20

15

fix)

10 A

—_5 4

ax = 09 !f}éthw»

Xs, ys = GradientDescentSimple(func, fprime, x0, alpha=0.9)
plotPath(xs, ys, x0)

Solution found:
y = -4.0000
X = 1.0000
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Objective Function

25 1

20 1

fix)

ag =1 X 10~% :f_,.ﬂ‘”)t.w

xs, ys = GradientDescentSimple(func, fprime, x0, alpha=le-4)
plotPath(xs, ys, x0)

Gradient descent does not converge.

Objective Function

fix)

—5 4

a = 0.1 :fJLG'?:'JZ'Ju“’

xs, ys = GradientDescentSimple(func, fprime, x0, alpha=1.01, max_iter=8)
plotPath(xs, ys, x0)

Gradient descent does not converge.

Objective Function

25

20

fix)
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:3 S’ (customize)
from tensorflow.keras.optimizers import SGD

sgd = SGD(learning_rate=0.0001, momentum=0.8, nesterov=True)
model.compile(optimizer=sgd, loss = ..., metrics= ...)
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from tensorflow.keras.optimizers import Adagrad
adagrad = Adagrad(learning_rate=0.0001, epsilon=1e-6)

model.compile(optimizer=adagrad, loss = ..., metrics= ...)

AdaDelta
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23 S eslesl Keras ;s Adadelta jluaag 51 ols o o) IS anked 51 eslaal U
from tensorflow.keras.optimizers import Adadelta
adadelta= Adadelta(learning_rate=0.0001, epsilon=1e-6)

model.compile(optimizer= adadelta, loss = ..., metrics= ...)

RMSprop
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keras yjs RMSprop paiuyedJl

23 S eslaal Keras ;s RMSprop jludag 51 018 o o) &S askad 3l eslaal U
from tensorflow.keras.optimizers import RMSprop
I;r;lé_prop = RMSprop(learning_rate=0.0001, epsilon=1e-6)

model.compile(optimizer= rms_prop, loss = ..., metrics= ...)

Adam
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keras ys Adam piu,ed)l
3 S eslanl Keras js Adam jluacg 51 ol s ) IS aadad 3l eslaad U

from tensorflow.keras.optimizers import Adam

éc.iém= Adam(learning_rate=0.0001, beta_1=0.9, beta_2=0.999, epsilon=1le-6)
model.compile(optimizer= adam, loss = ..., metrics= ...)
ol &b
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13 S eslewl Keras ;s Mean Square Error U &b Ol s IS axdad Gl eslanl b

from tensorflow import keras

loss_fn = keras.losses.MeanSquaredError()
model.compile(loss=loss_fn, optimizer=..., metrics= ...)

Mean Absolute Error

Aslas Jaws 5 1y 0dd i ey 5 (ABls ol Gl , a8 SN ke w6
TS o ol 2

n
1
MAE(y,9) == 1y~ 3
i=1

13 S eslawl Keras ;s Mean Absolute Error oU) @ls Ol e oy IS andad 3l eslaal U
from tensorflow import keras

loss_fn = keras.losses.MeanAbsoluteError()
model.compile(loss=loss_fn, optimizer=..., metrics= ...)

Gawddub sl gLj g2lgs
Llodh S g el 4 by e 0L w55 ide 2l 5o
Cross Entropy

g S ) g & 5 LS o deslme [y dleil 55 55 (Ao w6 )
1 n
Cross Entropy(y,9) = > y/10g()
i=1

13 S esleul Keras s Cross Entropy ob) &L OS2 IS axdad Gl eslanl b
from tensorflow import keras

loss_fn = keras.losses.CategoricalCrossentropy()
model.compile(loss=loss_fn, optimizer=..., metrics= ...)

Binary Cross Entropy
Ry oo & &S 355 0 sl Binary Cross Entropy 31 ossss oladsaib sl

2 gk g S

1 n
Binary Cross Entropy(y,y) = — 7—12(%- log(®) + (1 —y)(1 —log(®¥))
i=1
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2> S eslawl Keras s Binary Cross Entropy ol &L 0P IS axdad ) eslansl b
from tensorflow import keras

loss_fn = keras.losses.binary_crossentropy
model.compile(loss=loss_fn, optimizer=..., metrics= ...)
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Nin
2 oosdle Ll o 5 355 o odwl (variance scaling) wbyly gdu wlie Js) o
L (Fan-Out) 25, sladsly sl wlal o ((Fan-In) (s34, ladal g sldas 51 eslasul
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23 S esll variance scaling 31 ol s Keras js 505 S askad jleslanul b

Wy

from keras import initializers
initializer = initializers.VarianceScaling(scale=1.0, mode='fan_in',
distribution="normal"')

Sy s Ll plosl Sl 0Ll S Gasn b G 5w sy 5 @8
15 S 4o 5 |y (Xavier adsl as)ldie 4 Gy me) adsl sl

2
o~ Nin + Nout N(O,l)
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23 S esll Xavier 31 ol 5 o Keras )5 5 IS aakad 3l eslaal b

from keras import initializers
initializer = initializers.GlorotNormal()
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3l (ensemble) 25,5 od ssb a8 ol ol (polial Codom 3151 S oy 5 e
O3 A 5 XS oo bl 1y Jde 31 Sslime a3eud )5S a5 ST 2 s e 550l 1) Ladbs
2 2 SESS S e i 51 (258 680k 58 S5 5503 S0 s 4 pers b
ol G 3l 3 r g S0 o el ) 0l b el sl (28 51 bl 5,500,
33 Ol 505 Gladie Jaw 5 Ll 5 e dlg
LB s (o2 6D 4T3 S o 5 Sl Ol 5 1y Bl B B3 (5 5]
L La S 5550 53 ool 2315 &S 2 ool (6,850 b 5l sal s 205 31 LA
R BERCPPAEPCH By WEPPRTCHWA PSS PR T S P u;‘-ﬁjaiv}i o e
S el ) Bledd Gl sl Il 5 el o (108505 g5, 5 ool 61 LD 5,5

Sz IS 53 e oo 58l (SR gad (65 B sl ) g3 o 45 SO
.M@ws&uwupuduwﬁ;
23 S 1y g s 3lias bl Ol 5 e Keras 5o ) A4S ankad jloslanal b

from keras.layers import Dropout
from keras.models import Sequential

model = Sequential()
model . add(Dropout(0.5))

(BatchNormalization) lduws jlwejla o

(o5 S spdie el o ol s i L Y s sbaogs oSl S Sl
I i poid SN el kS ss S8 s Sleyis e Jsb s 55,5 (distribution)
55 s elyl a5 58 o 2 0T 31 JSie 5 55 0 0l (internal covariate shift)
b iladled ol olis 55 05 & Skl ol S o e plts (35 g0l T3 Jsb
535S o Sen o shny saaY sl sbaaY ) (63555 palie ;oS b o S
ok @ ki Mol s sy sl slaesls Tz o pd e sl LT3 Jgb
G5k s Y a5 eap il w5 b oY o ) (S5 Gres gt K0
L 53505 S 53 polbe i b b al 3,8 ad 13 15 3 pol slienl 51 IS olest
L eyl slenis e o208 ool o sledng SOT I .S 10y Llus 5 s @ ax 5
oo ol S e 5 Olasen |y LaaY pled 5 eSS i S0 glaaY s oS das e ol
(255 eer b ablie (sl 53 A dal 3 il ol 5 oS 5 s (latl 136 s e
laodls S5 S3ledlass cEs pl 53 Ad b me s ($3ledle s o550 sk o
g S slas Bl 5 a0k sl o cms e plil sl S w1 &Y SO 63505
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G o Sin sl Sis sl U 0l sbaaY o s 3Ledle s 0313 13 L
ST Sl gy b ol s sl

9 ala yiuljsl Iy 582l @ yljro ylgiso Slaiwa §jlw oy Jlocl gy ji

uloa U awwléo ja cuda ol poglle .aguii,o Jigas juu i jgol au Jaio Jol ¢l
«uwl givljsl Ja ja glaiwa s juwJlo )i gy aAuls

13 S eslaal glaws (gilwdle 3 Ol 85 o Keras 53 o) IS askad 3l eslanal b

from keras.layers import BatchNormalization
from keras.models import Sequential

model = Sequential()

;lic.)del .add(BatchNormalization())

keras )5 (ouoe dSuul 5 jlwesly

T

sl sl 'C“’.'JMTV"M-’} Iy Keras ;s ;s i (s 4l (g3lwosly 0 goed jide ol >
1y ol ot ke 31 iy b AVl el and a5 it Sty Sl o 503 Ui
ol
Do) e ) Kaggle ailos 'slaesls 5158 (Bl exlil &S glosls 48 gazes
ot 4 O 5 wlesls 1alSTl (93555 Sla S sl b ol 0l i3l 5 -
0315 48 gazes T3 5b15 5l 5 2leals S ol s s e 51 50STL SVL b e 4yl
oS eslaal 3505 513w sl 55 aS (g0 Hledd oL
Rl s Lol b oS (5)l8 ol (il S53L e il (51 o S 31 LS
W ol sl A3l el 02y S sl oS s 513 B 55 1) 3 glaesls &S e
a5 syl
Slosls o b Lawl T oS o s wlil & 1) Lol 5 ol o 1) CSV Ul =
S 3150 1y Lol Ll 5 e Lo ) S0 oS i
V.:.»L';doybj‘xfwﬁjx\)QTASij)jL;LAj}j}@\).aj;'-oslsww =
S el
(’?‘{d" Solwdle i |y Laosls =
(oD O 03] 48 a5 ()0l 48 gazes (o35 gl 48 gazes 4 1 0313 48 gas @

=S

! https://www.kaggle.com/c/zillow-prize-1/data
2 https://drive.google.com/file/d/1h6 LPHNs4F_FnxwfdE_fClsGeEh30tDBf/view?usp=sharing
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ij.- notebook J)l—.d B b J:’J JS‘(..:SJA J)‘j \_) pandas ‘bl}utg‘.l.’b‘ 'm‘{@ﬁ J.:ik:g
s HLis |y Alt+Enter o:}f%t}

import pandas as pd
L1 OF ¢S 0,131 "pandas” ey s 392 50 IS & oal i S1aS ol Lns ol & Lo
(el L 25 CSV LU 5 08l b s 55 ol g 61l pd pb
df = pd.read_csv('housepricedata.csv')
e 3 1,00 ol 1) housepricedata.csv' (b Lo aS ol lins cpl 40 28 Jas-

sk 53 1y df sl B8 0syls )ﬁjdﬁ%df}éwﬁﬁ‘ﬁ;\ .ms@m'}s df
ideas HLas |, Alt+Enter 5 05,8 notebook

df
Wbl and G LL el 2y >
LotArea OverallQual OverallCond TotalBsmtSF FullBath HalfBath Firepla: ianPri

0 8450 7 5 856 2 1 3 8 0 548 1

1 9600 6 8 1262 2 3 6 1 460 1

2 11250 7 5 920 2 1 3 6 1 608 1

3 9550 7 5 756 1 0 3 7 1 642 0

4 14260 8 5 1145 2 1 4 a 1 836 1
1455 7917 6 5 953 2 1 3 7 1 460 1
1456 13175 6 6 1542 2 0 3 7 2 500 1
1457 9042 7 9 1152 2 0 4 9 2 252 1
1458 77 5 6 1078 1 0 2 5 0 240 0
1459 9937 ) 6 1256 1 1 3 6 0 276 0

1460 rows = 11 columns

S olo 1y (o) 525 <O G 53 i J5) O 03 53 Lo 63555 S S5
Sl v sl V) G bl o le 5 5VL b rad LTS ooy ool 0
=S s ol T e |y Lol el i o oy o a0 a0 o S Laosls 1oss 45700 681 . (5
1S 55 1y Lol e

dataset = df.values
e s (df.values L) |y df slis Jais cal,l 4 345 (dataframe) Al s sl

sl B8 5,15 3525 "dataset” s 15 53 4zl odus gl (=S s 02> dataset
((Alt+Enter) 18121 1) Jsbw 5 428 ol 5 5> notebook Jyhw 55 1, dataset

dataset
.bﬁ&oﬁbdﬁbT&_ij)onjs".X:;zl@ds)‘}lédw
array([[ 8450, 7, 5 ..., 0, 548, 11,
[ 9600, 6, 8, ..., 1, 460, 11,
[11250, 7, 5 ..., 1, 608, 11,

ey
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[ 9042, 7, 9, ..., 2, 252, 11,
[ 9717, 5, 6, ..., 0, 240, 01,
[ 9937, 5, 6, ..., 0, 276, 011)

S it el S S 5 (K) o5 S Shs & 1y 55 e3ls a5 pezms 055
oo a2 1) 553 T sl O V0 (B3l 0 Lo o ol plasl (5 0S8 o (Y)
s (’L’?"S-r:*“d‘ oAl Y ol (e s 1) 25 Wyl O 5w o> Xl «
HCNW FCT W ] P PR W]
X = dataset[:,0:10]
23 G e S ead 5 0T B s o3l el ey o 4 o oS el Ses
& LS 5l dn 5o aen 5 bl slacisy & () LI 51 L3 5 aen apls 13 [T S5
B LIS 315" (oS e T a5y L e o8 o0l 511 L3 1T (slag g
S X Lol s 1o 1y els a8 saes sl plos S sl Lo ol @ ol (RO
528 sbas 4 LS 51 o "0:10" ool by ‘m;fc\}&w\ L dsl O Vo pol s oo s
3l Glad s (b as Jold 1y Vo Og) ol X 5o 0T 0015 513 5 46 v slap s
Xt 45+ (gla0 gn Il O e V0 ool oy (L pa ¢ eSS
(o ol Y e Lo bl 05 o 3T e
Y = dataset[:,10]
bl a3l o iz 5 (0 G305 G Sy @ 1y 255 03l 4z gers (58]
AS(,._;fJ..pl;- Olandsl &S ol ol (E305 5 (g Al e ‘Vf“";("f“‘“a:’ ) ﬁfwﬁ
b o) Cobis kb ol Sy ol Jl sl wline 635)5 sl Sy wlis
e YUY 0 s s gd sliad g ol ke Vo B 3 S el S (6l slesl Gla oo s
g Sas OIS S sl Gl &S S o lsds |) e S 4l 9,0 Sl ol
oS 25l 1 O Mol el SCIKt-18arn a3l a3linsl Laosls (3L oo (slnol 31 S
from sklearn import preprocessing
(g S 03l sklearn s 53 preprocessing 48 51 pal s s pe & LS LS
o lie (514 S 15 0315 ae goren 45125 oo 3Lzl MiN-Max s eS wbde o 4 (als )
BN 5 v e 3005 S Shs aes & S

min_max_scaler = preprocessing.MinMaxScaler()
X_scale = min_max_scaler.fit_transform(X)

QJS\.ﬂsﬁgualsj}w&&&jj}j@&éd\xb\)~L»¢§A:.Slfw\>4g-}3
Lo J‘:‘A‘j"@ Jf\ ‘:}“:d‘ oj:é-s X_scale Q‘)T s b o.k.f:w\.:\ﬁ.a slrosls 4L gozres
S 1y ) sl Solu 4 el K3 4> X_scale
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X_scale

array([[0.0334198 , 0.66666667, 0.5 . ..., 0.5 0.
0.3864598 1,
[0.03879502, 0.55555556, 0.875 , ..., ©0.33333333, 0.33333333,
0.324400561],
[0.04650728, 0.66666667, 0.5 , ..., ©0.33333333, 0.33333333,
0.428772921,
[0.03618687, 0.66666667, 1. , ..., 0.58333333, 0.66666667,
0.177715091,
[0.03934189, 0.44444444, 0.625 ..., 0.25 0.
0.169252471,
[0.04037019, 0.44444444, 0.625 , ..., ©0.33333333, 0.
0.1946403411)

S w03l 48 gazes e oy lodanny Wnosls (33155 50 555 al e o 4 OS]
sslaie Sl (lail) O ga3l 48 gemes SO 5 oy lisl 40 gams SO (o35 0] 48 gozes
ol el 5l a8 ) sbolen &7 8 vl s ealind "train_test_split’ oU « scikit-learn .s” ;)
LS o v?wlsgsifbgi4pnggﬂ G 5 sl 48 gazes SO w1y Leosls 48 gazes (owldy

S 2l 255 5L o) pe aST

from sklearn.model_selection import train_test_split

LS et e 25 Dy g0 0 1) 355 03l 48 saes s

X_train, X_val_and_test, Y_train, Y_val_and_test =
train_test_split(X_scale, Y, test_size=0.3)

031> 4e gazes JS' 51 /Y + L val_and_test o)l &5 Jo S sCikit-learn « YU JS askas
0 >3 (G slae oMo o o 3 Ul s sl o ol s glaesls IS 5 5 Al g5
oS Connd 53 43 1) 355 005 as pazes LS 0 SSTle 4 Lot LU oyl ol a8 s
o5 et o ST O g3 4 sazes 5 i) Lne) 4 sazs S Lo oS T 510

:V:;{OJLé:MN‘ val_and_test ;3 pod 0,bs3 plasil sl Ct’ Olea 3

X_val, X_test, Y_val, Y_test = train_test_split(X_val_and_test,
Y_val_and_test, test_size=0.5)

Q}AJT 4 gozes 9 WJLZP\ 48 gozen L Ssluw )jlﬁ‘\.’ I, val_and_test o)L YL: 5
35 Slaesls s pazes Sl pite Al g sezes 5 05ST L e b & a8 s o
135 petl - e3linal LT 51 oS ool

X train =

X val =

X test =

Y _train =

Y val =
Y _test =
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(13 ol ax ) sl & S OT 31K o (6l baasl )T ISK3 68 dies Al g5 o S
OIS Gl A o : AN OIS R ot o R
Sl |y 5 a8 Sl w

print(X_train.shape, X_val.shape, X_test.shape, Y_train.shape,
Y_val.shape, Y_test.shape)

(1022, 10) (219, 10) (219, 10) (1022,) (219,) (219,)
4 gozes 45 Jlyn conl o3ls alai VoYY Ghls 5)sel 48 sems i o &S sbolen
Shes Vbl X sl i s o3l b Y14 (shls plS a0 g03l 5 (sl
1 i Sl Sis Se B Y sla e oS I s cdisen (9355
RH R TSI P IO RS W R VRS YCVE IR PSP IPRCE POV NP Y
S5 Golama b e 680 A8 (158 .08 (o Sop 1) (S)lems S sl (ol s ool
s> )

j"_ / N\ N\

"r: \ \
' ___.r--"i_'\f- e
. \\ L ¥
~— Y !

—
>
Volgs 4

TR s 4

(GYST"RARRY) LYYW e YYL) GTSTRRY)

Yol Y Ul

et wdls LY ¢ﬁ\V¢A[f;L5c‘J§;; osle o

RelLU (s lwdle GL? Lops YY Y olgeaY m

ReLU iludbe GL”, Lows YY:Yolgea¥ =

Sigmoid (s3ledlxé ELLons )V i Y =
oslul (Sequential) o5 Jde 5l L r.ﬁf o s Keras js 1y olens ol LU J>-
8 dols sl S o 5 5w b Vb G b LS STl (pl @ S ol 5
:(,:;S:)\j Keras 3! 1, p"y

from keras.models import Sequential
from keras.layers import Dense
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model = Sequential([
Dense(32, activation='relu', input_shape=(10,)),
Dense(32, activation='relu'),
Dense(1, activation='sigmoid'),

D
&_E:JJ.&: \)6)LWMAYLJ§M ‘ﬂ\ob;wj\)byéngﬁdgﬁku u:\.éb
3,5 s 455501 01 5 o0 15 YU U8 arkad .ol 03 S

model = Sequential([...1)

Hse g0 a0 O 5 13S0 035 MOde] jicis 53 15 355 oo Lo o8 S0 IS o
(oS o 5 S 5 (Y @ 4Y)
Dense(32, activation='relu', input_shape=(10,))
J5i 5 ReLU (3ladld b osls 0555 YY L Joame S 4N S ¥ (sl 5o
"Dense’ « 3l wdls ax 5wl 63555 (S V0 Lo &Sz el Vv (35,5 (shape)
2,13 0,3l e SlSaY G 4
Dense(32, activation='relu'),
@l ax g .ol ReLU siludlnd 16 5 055 50 YTQM%K@Y&ELAQA oY
o 3 Llg o Keras o1 > ‘V.;Sq,@):, o S (s s Lo S sl
5,8 a1y ool L Jsl &Y
Dense(1, activation='sigmoid'),
sigmoid (3lwdled &b 5 055 ) b b WS Y G s> ¥ Oloa b Lo p s Y
.WrﬁjQ.x;CJ))¢’@‘)Jjé-dJﬁ‘ﬁ)Lukdvngtﬁ.&JeJi{)}b¢mmk.C;w\
U3 oS g 0T sl L syl e b cles S aseiie | 555 (g )lans 7058
1S G S 525 35lsm Ja g 1y Joe b sl 55 )
S 3 sl (55 Lo plrl (11 ol 3 g0 005 5501 1S 31 e 555 51 45
LS o3 lil S 6 4 | I S5 gl
S 235 05 @l 31 e sl i e 1) (6 505 (5ol 4 S U 5 0T
1) 300 (2l 4 oS 51518 |, model.compile &b AL ol B pl b e Sk S sl
model.compile(optimizer="sgd",
loss='binary_crossentropy',
metrics=['accuracy'l)
B eSS, J51s model.compile 3l w1y o) wledas

optimizer='sgd',
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o, Lal Gl el obsl S a dowal )3) 5,05 o lal sslas tals obsl $ e 'sgd
350s
loss='binary_crossentropy',
'binary_crossentropy' obj &b ) DS ey v LY lie S ola s s sl
23 g oo o3l (L9395 CLLZ.:A J;}Jsj)
metrics=["'accuracy']

‘) d)).w Lﬁ‘ L_;\sj Y- V.:“gL;JLfJ) Qtf) Cb L: o\jmﬁl b CBs r.:.h‘?dé Lo ‘Qﬁl@-"):
!r::w,a Siosel eslel ‘(..3.5;\)2-\
o 39 IS B S5 LS a3 oo Lo 51 5l o3l L KeaS 3 oSS 35 5]

hist = model.fit(X_train, Y_train,
batch_size=32, epochs=100,
validation_data=(X_val, Y_val))

b s e el ) Laedls 4 bs el (351 45;..:5@ oslazul "fit" @b S8 el sl
R>ba Y_train o X_train aw g 45‘..:&;@ Soisel esls ax (g3, Svffu.a;r..:a
e ‘,.«fda rba |y 5 (batch_size jul)ly Jaw ) sy o35l ¢ s L Lilods
oeseie b ol s V.,fda oR>wis (epochs) a3 Sl 1y of o2l S 5L
Slaosls 5540 53 aai a3 LSS Lo Jhe b o b oeliel glaesls 45(..”.5&
hist e 53 1) 0T LS o A5 1) a0 S0 b5 ool 580 Jos 6 5 s Lo
ol V=5 Sl 5 ool e (ol 5l ooy (S5l same 4 48 Slo) 0eiS oo 0,253

L ) S8 4 b L g 3 LS Uil | O 355l 5 ST 21

Epoch 1/100

32/32 [ ] - Os 5ms/step - loss: 0.6990 - accuracy: 0.3542 -
val_loss: 0.6974 - val_accuracy: 0.3699

Epoch 2/100

32/32 [ ] - 0s 2ms/step - loss: 0.6955 - accuracy: 0.4022 -
val_loss: 0.6943 - val_accuracy: 0.4110

Epoch 3/100

32/32 [ ] - Os 2ms/step - loss: 0.6926 - accuracy: 0.4706 -
val_loss: 0.6915 - val_accuracy: 0.4703

Epoch 4/100

32/32 [ ] - Os 2ms/step - loss: 0.6899 - accuracy: 0.5499 -
val loss: 0.6889 - val accuracy: 0.5616

Epoch 5/100

32/32 [ ] - Os 2ms/step - loss: 0.6874 - accuracy: 0.6468 -
val_loss: 0.6864 - val_accuracy: 0.6758

Epoch 6/100

32/32 [ ] - Os 2ms/step - loss: 0.6849 - accuracy: 0.7133 -
val_loss: 0.6842 - val_accuracy: 0.7123

Epoch 7/100

32/32 [ ] - Os 2ms/step - loss: 0.6828 - accuracy: 0.7524 -
val_loss: 0.6821 - val_accuracy: 0.7489

Epoch 8/100

32/32 [ ] - Os 2ms/step - loss: 0.6807 - accuracy: 0.7564 -
val loss: 0.6801 - val_ accuracy: 0.7717

Epoch 9/100

32/32 [ ] - Os 2ms/step - loss: 0.6787 - accuracy: 0.7779 -
val_loss: 0.6781 - val_accuracy: 0.8037

Epoch 10/100

32/32 [ ] - 0Os 2ms/step - loss: 0.6767 - accuracy: 0.8072 -
val_loss: 0.6761 - val_accuracy: 0.8128

Epoch 11/100
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32/32 [ ] - 0Os 2ms/step - loss: 0.6746 - accuracy: 0.8317 -
val loss: 0.6740 - val accuracy: 0.8219

Epoch 12/100

32/32 [ ] - 0s 2ms/step - loss: 0.6725 - accuracy: 0.8239 -
val loss: 0.6717 - val accuracy: 0.8265

Epoch 95/100

32/32 [ ] - 0s 2ms/step - loss: 0.2931 - accuracy: 0.8865 -
val loss: 0.3051 - val accuracy: 0.9041

Epoch 96/100

32/32 [ ] - 0Os 2ms/step - loss: 0.2920 - accuracy: 0.8816 -
val loss: 0.3043 - val accuracy: 0.8995

Epoch 97/100

32/32 [ ] - 0s 2ms/step - loss: 0.2911 - accuracy: 0.8855 -
val loss: 0.3044 - val accuracy: 0.9041

Epoch 98/100

32/32 [ ] - 0s 2ms/step - loss: 0.2901 - accuracy: 0.8865 -
val loss: 0.3030 - val accuracy: 0.8995

Epoch 99/100

32/32 [ ] - 0Os 2ms/step - loss: 0.2896 - accuracy: 0.8806 -
val_loss: 0.3025 - val_accuracy: 0.8995

Epoch 100/100

32/32 [ ] - Os 2ms/step - loss: 0.2884 - accuracy: 0.8816 -
val_loss: 0.3017 - val_accuracy: 0.8995

5 0b) Rl Wl b olael edalis b el E3sel Jl- 55 e & a0 05
Calides (gla el ol b adl g oo o opl 55 i8S odalis Oloy Jsb 5 1) s il
55 6 eyl 48 235 dies U a8l 03l |y ad g S oladl 1) was K2
o3 g o2y 35 ol e 31 a8 aKn S e i 8 L 35 el cblesls o |,
55 Al as gezme )3 B3 7L 5l S Dbl el 4 gezee 53 | 0T Ll e

oeSeon Lzl 1) IS ankad ol
model.evaluate(X_test, Y_test)[1]
Olge aly ol Gt’ Sl oyl ¢0l> model.evaluate @L’Q\ A ) ) el le Sl s
w35 s oled sl & o0l 5l S a 053 e Ol 4 1) 33 5 ) e
ol 0,976 03 (2Ll > 4 bl 3l o s 0T 4 Ol 50 Gsb cpl 3 candlS
oS Ll ) 255 n0tebook 85U L clagsy adyl gaa ke (riaman 5 aesls as gozms
o jaseie YU 53 a8 (g lems 51 ST 53 ol b s g dial g3 glicie oS 15 ga g sl
125 (oo oles LS ilys daoys 40 B AL o 1y g0l 5 b el 03 S (65

7/7 [ ] - Os 2ms/step - loss: 0.3281 - accuracy: 0.8584
0.8584474921226501

s 55l b 0T 5 03, b 1y 55 s oS sl il 5 Lo L S0 S0 15
V0 S oo luplin SSTSS (S 5 3o 2050 00 3 sbapise 5o
e el 13l 5 e oS (I8 Tl 0 B3] i ol U 3 L Jie o agl 40 S
5 0 (o (SLbey 93 S (535 1) (mnslie) 0L 5 (o35 58 0L ) 4 el
S Wb Jsams G (..Sda oslawl matplotlib < 3 cla ol (g3l suas (g1 5 (MS

:mgfsjb(ﬁgfazu;w\V?M}5L;=£f

import matplotlib.pyplot as plt
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plt.
plt.
plt.
plt.
plt.
plt.
plt.

oS | 1 aS anld ol

plot(hist.history['loss']1)
plot(hist.history['val_loss'])

title('Model loss')

ylabel('Loss')

xlabel('Epoch')

legend(['Train', 'Val'l, loc='upper right')
show()

51055 ool 0 oS LS e Il B 53 5> ol i 5 1) VU IS aalad ) B s L
L3 Model loss :kS o yedein |y 535l cpl Olge oo o> rfvﬂf I, val_loss
i Bt L € ez ax LL S5 4 X Y e oS S Lo oy 5 polex
(R L 554 dale YU cunl)y G o o O 5l Lo 5l 503 (1 5 o S Jols
O (G b Lk s> a2l 1 Lls ses &S 48 s jupyter notebook 4

AL

Model loss
0.7 1 S —— Train
Va
0.6 A
@ 0.5 A
S
0.4 1
. \
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Epoch

plt.
.plot(hist.history[ 'val_accuracy'])
plt.
plt.
plt.
plt.
plt.

plt

plot(hist.history['accuracy'])

title('Model accuracy')

ylabel('Accuracy')

xlabel('Epoch')

legend(['Train', 'Val'l, loc='lower right')
show()

WS Bl s 00 ol @ and WS A (651 5ed L e
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Model accuracy
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3
§ 0.6 1
|
054 |
0.4 ‘I —— Train
/ Val
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Epoch

Olgien I ol L) dsb Lo Js 5o (855 I (231 e 4T ds ol 15 45 0005 ol
(e 3500 20 o) (Sl Go b 511 O
S @S Ao ae Sd oL by 05 s S 4 Slaplin b sk 4
oesbise model 215 cpl Lo i andls wiplas (3 gal s gazes 55 ol
model_2 = Sequential([
Dense(1000, activation='relu', input_shape=(10,)),
Dense(1000, activation='relu'),
Dense(1000, activation='relu'),
Dense(1000, activation='relu'),

Dense(1, activation='sigmoid'),

D

model_2.compile(optimizer="adam',
loss='binary_crossentropy',
metrics=["accuracy'])

hist_2 = model_2.fit(X_train, Y_train,
batch_size=32, epochs=100,
validation_data=(X_val, Y_val))

Adam oS s o3l Adam Slu g 5 5 wlele 555 slaw Jde S Lo ol s
4 b g ol cwae el sl lens jy STl Slajluag O:,JS@\J S
Sz ol sl sl 5 r:‘f‘)’." L SQ:’\ jf‘ s J:’rfOL:’} “ J:’C«’)‘“' ‘SO:’\ Js
Sl 5Ll OluSs U848 WL wils 4> 99) (..:‘5(,...-))3)' &S 3l eslasl L hist_2
:(ﬁ;fup skl hist_2 3l hist gl> 4
plt.plot(hist_2.history['loss'])
plt.plot(hist_2.history['val_loss'])

plt.title('Model loss')
plt.ylabel('Loss')
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plt.
plt.
plt.

198 iy (roe b Sl :ppguw cJ1od

xlabel('Epoch"')
legend(['Train', 'Val'l, loc='upper right')
show()

S Sld ) g @l pel SU L

Model loss
0.6 1 —— Train
— Val
05 vV\A
0.4 1
W
w
S
0.3 1
0.2 1
0.1
0 20 40 60 80 100
Epoch

S e biel 005 Ll el 2ol Ul 53 ) 50l 0L sl (551 3L 6LEs ol
oS e 3 S Sl eslinal by 35 81l Gl J- s 5 o35 441 0L 51 5L

.plot(hist_2.history[ 'accuracy'])
.plot(hist_2.history['val_accuracy'])
.title('Model accuracy')

.ylabel('Accuracy')

.xlabel('Epoch')

.legend(['Train', 'val'l], loc='lower right')
.show()

Model accuracy
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from keras.layers import Dropout

(St RS ) 3o 41y 2 p g S s

model_3 = Sequential ([

Dense(1000, activation='relu', input_shape=(10,)),
Dropout(0.5),

Dense(1000, activation='relu'),

Dropout(0.5),

Dense(1000, activation='relu'),

Dropout(0.5),

Dense(1000, activation='relu'),

Dropout(0.5),

Dense(1, activation='sigmoid'),

D
:J)‘J)ﬁ)w‘ojw&f?v\:ﬁgﬂhﬁ‘) Y Jde VJJAMCJJLEJ:.S\}S@ LJ
1225 Ll ol wile - Y S (Dropout oS 6Lal sl
Dropout(0.5),
oS Ll 3 Y e gls el plen b 50357 BlalSTl o

model_3.compile(optimizer="'adam',
loss='binary_crossentropy',
metrics=["'accuracy'])

hist_3 = model_3.fit(X_train, Y_train,
batch_size=32, epochs=100,
validation_data=(X_val, Y_val))

plt.plot(hist_3.history['loss'])
plt.plot(hist_3.history['val_loss'])
plt.title('Model loss')

plt.ylabel('Loss')

plt.xlabel('Epoch')

plt.legend(['Train', 'vVal'l, loc='upper right')
plt.show()

13,8 el 3l 2 S 4 s >
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Model loss
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3 0.

0.4
0.2 4 MWWWW

0.0

0 20 40 60 80 100
Epoch
Lo UJ)}AT Qt:a) )‘ LoJ:.:I:u Y JJ.A C,w..\.».v &W}L&&‘ QL}) ‘éﬁ@ odaline SJJLQM
(ol ol 23l w5 ot g.f').Ua.A Olamen Jdo pl Jb= 01 L) 508 cilas
S o ol WS anbad L 1) 35 Uy
plt.plot(hist_3.history[ 'accuracy'])
plt.plotChist_3.history['val_accuracy'])
plt.title('Model accuracy')
plt.ylabel('Accuracy')
plt.xlabel('Epoch')

plt.legend(['Train', 'Val'l, loc='lower right')
plt.show()
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Model accuracy

0.90 4 ) H/WW
r\/\f\.t‘./\/
0.85
>
o
C 0.804
3
o
P
0.75 A
0.70 - .
—— Train
Va
0.65 T T . T T T
0 20 40 60 80 100

Epoch

Sl OS5 ol @ !("*"“b oAl g BB Ol w ) A5l ae b oY Je b anglie 5o
oS el o550l 4 sazma 55 51 p te Sl 1) silaplie asiSS Lo o
S aglin 1) s 5 0ls 5oai 1y La fl ol ped Ol & 4315 0



93l b Ganc e 6l i il b adgl Jouol - gane 6,455l
Jroo awods

a2 SLad sk 3 Koo (o920 & it Slalows o (8 5ie vae laaSd =
/ LS o S 1y ol i s

Olgr ¥ L LKy (2o ¥ S o000 0¥ SO sl (o 5 omas 4K 2
il o0

6oL alass (gl yls Ll g o s -\Lg_,f&jj’..._:«aﬁ Iy Qa9 K gilwde &y el ®
il e SO L LS 52000

Conl gresls ghuanb ;5 SUlg Ao 09 few g RS LSl Lol Cusgdowe ®

oS sl 35 polie 3 glas sazms 23U ( omas BaSLE 55 (5850 LT 5l s =
adls calas By S aolae b Ol u> G sl o I S s Sl

st b b 535 0453, s L o

cxg.0jl

$2)15 5 Sol T 5 (530 Sojr i b s S S s 62500 ¢ 5 Bl )
aans 1 1) 0bal 8 s ooy

e (lad b b S o ghlas (sl S5

sl g 3lwled GB fLJSjl Sk 5 29393 skodid Jilus g, 4N 5o

1«

ET
Sl e (slaaSids (6,00 Lol b s i 4 jluang .0

Q0T

933 5a,0s 503 5513 1 IS 0515 4 gases (shvaid 4 U jlos Olgo Y 93 b pore S8 S
S G5y e 25 9ol o 53 s\ g b gal 48 gazma (512 1, 0L

Waesls 33,8 5,19 sl leal, Losls gy wlide (gl p oleal,
from sklearn.datasets import load_iris scaler = StandardScaler()
iris = load_iris() X_scaled = scaler.fit_transform(X)

X = iris['data']
y = iris['target']
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549 L5 6 o 1S 0 133 15 (6 508 Sl sl il o a8 ol ome 01y ) S LS
Glaels Ll aisu o 35 35 L Jhe LT ohS &Sl s o ials 1, alabl> 4
Sla sl 31 ol o Las ol a0 .S s oalinal syl (W8S bl ) iy s
AT el e L sl (ST 2l S e esliad o)l g b iy (51 ol
SV el o cpl @ 2135500 23550 (EQuivariance) 2232 S el e
OB Gl Sy ol e bulr s Dler @ 5 e 58 bulr @345
G Sl & p s SOl 3u b s SO ST ST ol ()5 50 s> Slaesls

sl dal g GG ruled gl i a3

520y ayll slagg gl lod ay Iy §3gJ9 woJgl Ja Jeduiy kac slaasul
ol WJ ol U aguiso aied Jold Juail ailys gil as ak 2iideo Jinio
Jbjgol cie i p as sygbhay cuwl layjg (SLAl awlao ojlivie yug)
Jja Juail jl CNN .Jols kil aAil gla w -ajlakeo §abj il Jao
aA auwl Jinio §agJg aul jl slaual au has yg gt ja icy 2ib,0 oalaivul
CNN &y iy 29400 addliuw ylaiy ygJgd (Lo §lpay ylate ylgic ay
CAC Juw anil ja g ayla Jgdyiy ac §laaiun o cuu §450A sla gl jly

ayla ju §HEI 0w yUjgol

keras > ¢uivgJgolS Y
305 525 e a1y 5k 0y 5e slads3le b Lzl (Keras 5o (i J 58 Y S sbwl
S

from keras.layers import Conv2D
S ol G2 PSS Y G 5 e Sl el b A3l 5 e g

Conv2D (filters, kernel_size, strides, padding, activation='relu',
input_shape)

S 3505 1 25 saobe ST AL Led
La s sl -filters =
XS r padeiia |y (b 9T 2y 58 oa 5 L)l o &S 5o kernel_size
S G55 B Do 4 IS5 Gatda |y G S1. b lS ¢S strides =



e e el i dol g 550

same L valid :padding =

35 oo oslaul relu jladles &b Y 5oxs :activation ®
O sSHT SG b e G s Y sl Olse @ s S 0V ) el a0
(S5 ) Gos 5 2,8 )| Sl LU SS ol 85,15 411 1, sLal input_shape
S o i 1y (639,

gl Lbglgils aull as (ijga Ja input_shape ylog4 )l as g ylolno

10U 041U 02i0A «Cauu Loal aAuD ja aull

plesl

3 Slas (das o SalSly 3L 5 ) g0 sla by sluas aS sl ol 5 1S slaasY (gLl 5s 5
llas LIl i 918 Kl SO 51 Ly s oo S2alSly (2510 i 5 Lidu oo 500 1)
312 81 5 2058 Slslons 015 Dl IS w ool Y Lpleal 1355 e plasil (6 503
s a8 Ol bl JEalE SaSTL e slaul pals J s 5 LS 0 KaS Lanesls
fLﬁ:' .\;M Cy EEEN d\)sdo B rL&J‘ .LS@ \J.:;: ui.klseb‘b 48 jazen Uj‘)bﬁ ‘_;\J.: r‘)y
& o2 rdlske L (average pooling) u,.fal..e fL'o.s! s (maximum pooling) 814>
S L e ol ide a5 (YY) laaslid sbl 5 (g 5S> elesl elelsl
SUIVE Slhas oo oS sl gods ool as 25108 LS 5 4K 2 s (Hludled Sl
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a Sl ¥ o8 5 Y s o310 Sl pome DLl SG 315 35 5 SIS LY
I 0311 SV by 4z 5 b &l oo Jgama et ¥ 5 ¥ b o3l Sl

AL Ak 5 331 553 1) (93L5 ledbl plest Y ol Sae 3L S5 LS

AliAeo) aslAal §ayaa Jioly gua pléal glaayl ad auul aiuwla aagi
oSLal gulil b yjo ay jli yoay Iy (Ji4lan aiilo) paldo (Aalw ay lagl allyn
14,0 alpaiul

keras > (cubgJoolS dSub L uguod gawddub

23 A S s Sz 5 0313 48 pors S Ml 2 pead spai b el )
(SCrape) Sl 2 slas Sl ) o (s &) 500 4 i ) seree ilidend 5 oo la 5L
A 515 5 425 3,10kl 0315 48 sazee L &S| ‘(,:;ftgjfwﬁ L ol oles s ‘.:.5
o2l o3l CIFAR-10 63l 4s gozes 31l ool (51 oS o3linal Lol 31 031500

Pl 25 b 0313 48 pers S 3 S

S TY X TV S S a5lad 9l slao! =

bl oK 055 S ki 53 daglsn bl o Vet
05l 5 (528 e

o3ls Vo an 5 Sigal Gl enls Ov s 4 aS Lgal Fovnn osls 4 gazes o)L B
olodd aonds Sila3l (sl

Lg b )KU:J .V:SJ)‘) ‘) J:»}...AJ o3ls AL jae oS il U:" r:’.&b rl)u‘ Jva 4\5&)\5&)‘
;jupyter notebook > 5 IS szt b tans oo plasil Keras
from keras.datasets import cifari1@
(x_train, y_train), (x_test, y_test) = cifar10.load_data()

Downloading data from https://www.cs.toronto.edu/~kriz/cifar-10-python.tar.gz
170500096/170498071 [ 1 - 2s Qus/step
170508288/170498071 [ 1 - 2s Qus/step



https://www.cs.toronto.edu/~kriz/cifar-10-python.tar.gz

9L U anc o 6o aSaid il b gl Joul J sganc 6,550

(x_test, y_test) s (x_train, y_train) b . sbaalyl s ﬁ)b o oS olaesls o 58
Ji.j v.:.\.:.\.s Jols .ﬁ.})\f; R S8R Iy osls 48 gaes d«f%ﬁ: oyl L ole s aju.é-s
el 4 Lo (53555 sl S5 sl

print('x_train shape:', x_train.shape)

x_train shape: (50000, 32, 32, 3)
il 335050 Jold e3ls 4 sames X_train « J.fjfdc Lw g\jdﬁi

w&pot.t. u
oS T sl
JS YY oe

(5 o 3 b 2 p0) Gas s JuSy ¥

print('y_train shape:', y_train.shape)
y_train shape: (50000, 1)
1555y (i b 2l 10) e G s B0+ JISS p sl &S sl Lins Ol ]
et o 08 Sl L Ol ez 5 s G (S 500 oS e Al (05T
print(x_train[0])
[CL 59 62 63]
[ 43 46 45]
[ 50 48 43]
[158 132 108]
[152 125 102]
[148 124 103]]
[[16 20 20]
[ 0 0 o]
[ 18 8 0]
[123 88 55]
[119 83 50]
[122 87 5711
[[ 25 24 21]
[16 7 0]
[ 49 27 8]
[118 84 50]
[120 84 50]
[109 73 4211

[[208 1
[201 1
[198 1
[216 1
[151 1 ]
[123 92 72111

:m;sw'u)w matplotlib cuw 3l esliwl L1y x_train[0] 31 saad
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import matplotlib.pyplot as plt
img = plt.imshow(x_train[01])

a4 x_train[0] 55 |y edd ()18 ked Sy Luslis & conl (ol pltimshow
ool ol s @l el (aSCy Hhns YU s odd onls Jioled pgual s e OLAS 2315
o 85 e ol Il Al o S8 s S sl 8o YY XYY gl o1l &S
e Lo 0313 a8 sames 53 psuad
print('The label is:', y_train[0])
The label is: [6]
& (eSO L G5 ol o i 5l oS ol "V ke i oS i 0

:w|e.)~.~is..,\3]oﬁj¢0}~a

& | &
Ih

&
MG

oled
I
| o |

9mlS

Sl 0 (SIS 4515 38 S 2505 015 0 WU 5250 oS s oo i 51 el oy

03 0 ) N a padld i L1 sl SOl 6800 dsed dly (T )
Zr.:lsa.l.hu;.a (Lo o315 4L gozes > dj‘_}f}’d’) ’ LSL"‘\" (Lo osls 4L oz
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img = plt.imshow(x_train[1])

0 r r

10
15
20

25 {4

e Gholed 5 1y O e Al
print('The label is:', y_train[11])
The label is: [9]
sl 0l (B 5 Ol e @ gad ol oS w by Jadr 3l eslinal b
oS glodalie )08 B3l ol b (21038 gy 2 15 355 0313 45 sazes oS0 5S )
a ol i dds A WIS osled Olge 4 b slacis 5 STl O e plaeil
it B fandse opl OAS (pdgy Sl I oS5 5 o L IS oS el s ol
S bl (V itz ) 5353 S 5o T 85,80 o Ll Ls s 502 S|
S0l 4 1 0l 5 02,0 5 s 580 b LTl e B 4z (4 i) 0500l
.;j:bgw@&éﬁﬁhkj?@:%j)rgﬁuiﬁ&
ol Keras b € cnd oo fip ¢l s g e 605 sl (i Jaad 53
opl S oalinal T s [V ] 5 [+ ] sl 3l il 5 487 S Cend ol SCas
Olye & by mas 803 (s 5 ol P Lo 5 2010 5525 OIS 50 Lb Sl s ol
Litns 4 ol pms ol @ A2l 08 ane S s ST o oS s Sl S
G S 35 ol lJl ol bl S caad Kk 51 VL doys 0 Jlel b e
alides WISV 0 31 SO a Ll e gead a5 ol (Sl 58 Il ol dles aldST
AL adls Gl
Veoa b 0T gl vl il WSV 51T s el e LBl Lo el
s s s V0 b & Dbl ) ls Sl 3 ae aCE 3 > Oapg
G b ez O ool el gl il el cllas 0T bl 3 b s
uu}‘\fQTc\g‘_;l&:.aﬁfd LT das e oLz 5.)..9,:&45‘..:564 JedS sae Vvl glas senme
5V a8 gazme ool 2 sl bl sl DS Blatie et SO 8T by b e



174 Mgl 8 (uae b dSu :p)l.ed.né

Jod= .Lu)fda One-hotéj\ffw\ W3 p Ll v as ez ol 5 s slas! pled
el Sy gl 4 s ) T ek

oyles one-hot 5,188
[ 000000000]
[0 00000000]
[00 0000000]
[000 000000]
[0000 00000]
[00000 0000]
[000000 000]
[0000000 00]
[00000000 0]
[000000000 ]

r:“‘{d‘ ol Keras 3l o505 ¢ oS ol pleil 150
from keras.utils import np_utils

y_train_one_hot = keras.utils.np_utils.to_categorical(y_train, 10)
y_test_one_hot = keras.utils.np_utils.to_categorical(y_test, 10)

| ot | e | oneohotsliSS
[ | dr] [ 000000000] |
[ ' | e>] [0 00000000 |
[ v | ~s«] [00 0000000
[ v | «<] [000 000000] |
[ * | o] [0000 00000]
[ & | <] [00000 0000] |
[ * | <t [000000 000]
[ v | ] [0000000 00] |
[ 4 | ] [00000000 0] |
[+ | oo | [000000000 ]

O‘-" 4 y_train_one_hot = keras.utils.np_utils.to_categorical(y_train, 10) L
one_hot s,18858 & 1, of 4 m.@ y_train sde bbb |y adyl wll &l ons
cb a b ) el 3L 5550 el Olge 4 Ve sue r-:sd" JodS y_train_one_hot
350 S uﬂ%&g—%)ﬁ
03 (Qimz 2 b 050lS) Lo 33 230D oz 2 S iy (ol 0 A0S 23 1>
sy A2 4 6 S (1808
print('The one hot label is:', y_train_one_hot[1])
The one hot label is: [0. 0. 0. 0. 0. 0. 0. 0. 0. 1.]
Iy (X) 395 g S V:\A\fu el Ug.wa crf\ab;u}':)bﬁ B W) 5)9-6\.&%]- 4§Qj.§\
Vo olie e o3l &l pl s e plol Lo ST b o80T 3515 5
Salis 1351 Lo Sy sl a8 Slael )k 0 STl s oSl (35 gal 4 45 AL
oS oS YOO 15 0Tl (S5l &y 5,800 YOO B ¢ (o
x_train = x_train.astype('float32"')
Xx_test = x_test.astype('float32')

x:train = x_train / 255
x_test = x_test / 255
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& QS‘(,.:S@ Jeis "float32" « 1, & S ol oyl 2o plaol s S8 Jos 5o
ﬁf@wz YQOJ;‘)J}L»JA Come .Jfoﬁi-SJLi'&H.)‘)J::.:LTLAJJ\)S@A{M“}\}
wa@‘}&j}»“lﬁréwj)‘}é?‘)TﬁJuimd}lwd\f‘L)J:J\};da ‘J:YLA:&:J)M)J

x_train[0]

array([[[0.23137255, 0.24313726, 0.24705882],
[0.16862746, 0.18039216, 0.1764706 1,
[0.19607843, 0.1882353 , 0.168627461],

[0.61960787, 0.5176471 , 0.42352942],
[0.59607846, 0.49019608, 0.4 1,
[0.5803922 , 0.4862745 , 0.403921571],

[[0.0627451 , ©.07843138, 0.07843138],
[o. , 0. , 0. 1
[0.07058824, 0.03137255, 0. 1,

()
()

[0.48235294, 0.34509805, 0.21568628],
[0.46666667, 0.3254902 , 0.19607843],
[0.47843137, ©.34117648, 0.223529411],

[[0.09803922, 0.09411765, 0.08235294],
[0.0627451 , 0.02745098, 0. 1,
[0.19215687, 0.10588235, 0.03137255],

[0.4627451 , ©.32941177, 0.19607843],
[0.47058824, ©.32941177, 0.19607843],
[0.42745098, 0.28627452, 0.164705891],

c

[[0.8156863 , 0.6666667 , 0.3764706 1,
[0.7882353 , 0.6 , 0.133333341,
[0.7764706 , 0.6313726 , 0.101960791],

S

[0.627451 , 0.52156866, 0.27450982],
[0.21960784. ©.12156863, 0.027450987,
[0.20784314. 0.13333334. 0.0784313877,

[[0.7058824 , 0.54509807, 0.3764706 1,
[0.6784314 , 0.48235294, 0.164705891],
[0.7294118 , 0.5647059 , 0.117647061],

[0.72156864, 0.5803922 , 0.36862746],
[0.38039216, 0.24313726, 0.13333334],
[0.3254902 , 0.20784314, 0.13333334]],

[[0.69411767, 0.5647059 , 0.45490196],
[0.65882355, 0.5058824 , 0.36862746],
[0.7019608 , 0.5568628 , 0.34117648],

()

[0.84705883, 0.72156864, 0.54901963],
[0.5921569 , 0.4627451 , 0.32941177],
[0.48235294, 0.36078432, 0.28235295111, dtype=float32)

o L}~d§ Jta gj:ﬂiijg.rej\b L;ingJTADJqu=A gSé B L;iijﬂrapiymgnn gS; Lis L QJ;S’U
4{)}‘)3}}})&&\6‘j6ﬁ@g‘ﬁ‘rgwws&s)")>}> s>w' )L&F‘&M
S peal > (B me Mny
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9953 R
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ol )y 8w el
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Conv Layer (32 Filter size 3x3)
Conv Layer (32 Filter size 3x3)

Max Pool Layer (Filter size 2x2)
Dropout Layer (Prob of dropout 0.25)
Conv Layer (64 Filter size 3x3)
Conv Layer (64 Filter size 3x3)

Max Pool Layer (Filter size 2x2)
Dropout Layer (Prob of dropout 0.25)
FC Layer (512 neurons)

Dropout Layer (Prob of dropout 0.5)
FC Layer, Softmax (10 neurons)

) aar Lol (el 0586 el 1 i) cd (305 sl sl ghls golers ol
(ler_}l Kb S L L oY s csle J ol b .r::\o.lf.: ME &S Wlod -l conlis
b 3 &Y s (Solu o sOftmax b o sl sk & lows SIS 6l 5550

el 595 ghvanb s Gl b &' (5 LS o oS Jlaz Sbes @

;;;lej)"

‘Jl:-w\le.sﬁr._..mb}-o:u:«»\ Keras o5 5 Jde 313590 ol g 50851 0

u.&bfgﬂd\,&:&zajé\ﬁ Ly gl g, cﬁ)b;)é-duu);t;:l:-jtgu@\!u‘\f
(st 1ol S JLos aoms o el oST]) anul LiBs dil g0 B 028 oo 5950 Jas- 4 Jas- |, S

:;’:‘SJ“"J‘J 353 5L 558 S 5

from keras.models import Sequential
from keras.layers import Dense, Dropout, Flatten, Conv2D, MaxPooling2D

model = Sequential()
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wals 3b b 5 S8 5181 sl Y oS Ll JU Jide ol 4 ¥ Sk 2 L
"same” 5,198y .l Y'Y Gos 5 ) flfoj\..\&\ (3X3 7ld ol b b J oS S (sl
L Gsd s Jlasl CNN laaY aan (gl (o S 55 ) sl "TelU" OF 5Laedlab

(S paseie S 1y o oY sl s ol JU

model.add(Conv2D(32, (3, 3), activation='relu', padding='same',
input_shape=(32,32,3)))

Seslewd bl JB 55 Jdds 4 ¥ ol 05 S alsl caas el K ol &S,
G sldel a5l o Lo La s sluas 4 YY s sde sl .l model . add () @L*,
Sy LY 5 Trelu’ ST iladbed (e 23,05 0,1 1d o311 5 5,8 a4 (FF)
ol ks .(..334.&3 s |y (:lfl.a S AL adls ax g ;'-:5@ gr>eia sl 'same!
25 ) oS ol ealie oS SLe3 B s el (55 oS G stride=1eS el
) 3305 o)W1 b cpizean Lo ol adls bl 4 S0l Of o 0 (LS (ot
Kl Sz i) ) Slasede ol Gin bagY oS Gaseia s il 4Y ol
Sl S5 il S s Lo £33 Y MCWldLﬁ WY g, oIl 51 (639,55 0311

(o 3555 31 et 40 S5L0)

model.add(Conv2D(32, (3, 3), activation='relu', padding='same'))
plesl pE sl 155 Sty el ¥ 5 Y Y plesl 31 b (5 28 plesl Y G (g 0¥
IR ftfozéa 2 S5 Lo ool ply ol plesl o315l (g 28T
model . add(MaxPooling2D(pool_size=(2, 2)))
oS Sl 5t 51 B S e a3l /Y0 Lzl b b 4 G ol o
model . add(Dropout(0.25))
iy s A 4 o e Wl b Y )l oa S sl USTL L sl Y e 055
model.add(Conv2D(64, (3, 3), activation='relu', padding='same'))
model.add(Conv2D(64, (3, 3), activation='relu', padding='same'))

model . add(MaxPooling2D(pool_size=(2, 2)))
model . add(Dropout(0.25))

Jle 3 &S conl (58 wlis 8 (oS w 5UST1y 25 oS Juame Y AL Lol o
CIB s sy S sl Lo Loy el ol 53 (dlm cpl b usls el iy Juad
3 D)3 sy S |y ) g lacaSle LB ol 4l sl olad 8518 dioloanSCa
o3 gt ol Flatten Y oG 035331 L 1 S ool oS Gl 1 0T b k!
model.add(Flatten())

il relUSladles 5 08 OVY b ol Jaame 0¥ S il (0051



Y FY
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model.add(Dense(512, activation='relu'))

oS LSl /0 Jlorl S bolas Gl S g

model . add(Dropout(0.5))
(,.ULM:J SOftmanLdex})()jjjS e bJAKJ,,A‘LA Qy&u c;&-T)JJ
model.add(Dense(10, activation='softmax'))

2538 JalS ) lons 3l slaoDs sdalive g Il ey OLL 0 58T Lo (65 Lane L

model . summary()

Model: "sequential"

oS 12

Layer (type) Output Shape Param #
conv2d (Conv2D) (None, 32, 32, 32) 896
conv2d_1 (Conv2D) (None, 32, 32, 32) 9248
max_pooling2d (MaxPooling2D) (None, 16, 16, 32) 0
max_pooling2d_1 (MaxPooling2D) (None, 8, 8, 32) 0
dropout (Dropout) (None, 8, 8, 32) 0
flatten (Flatten) (None, 2048) 0
dense (Dense) (None, 512) 1049088
dropout_1 (Dropout) (None, 512) 0
dense_1 (Dense) (None, 10) 5130

Total params: 1,064,362
Trainable params: 1,064,362
Non-trainable params: 0

oS Ll s g Sl U 1) e e
model.compile(loss="'categorical_crossentropy',

optimizer='adam',
metrics=["'accuracy'])

Lol 53 Lo Sl gy 25 580 0ol (gl wboline s 25T 028, o 03l Lo &8 L) G
'(’:‘Su-.’L:"J Iy 59 Jde &3> r.:.a\yda L eolg 5 .ewl adam
O Y RV P B JPS I VSR
hist = model.fit(x_train, y_train_one_hot,

batch_size=32, epochs=20,
validation_split=0.2)

Kol S dl ol b .ﬁ}@j})ﬁ]‘b}jb Yo oYY s o)l L1y 5 Jus L
(,,Sup sl validation_data s\> 4 validation_split=0.2 ;.Ja_., Sl s ax s |

uijﬁijuM&‘tf;j}éuwb “MM“&)L:"L‘ ‘J‘,L:A uﬁ‘b
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S e sl 4 g ke

Epoch 1/20

1250/1250 [ 1-27
val_accuracy: 0.5885

Epoch 2/20
1250/1250 [
val_accuracy:
Epoch 3/20
1250/1250 [ 1-17
val_accuracy: 0.6725

Epoch 4/20

1250/1250 [ 1-717
val_accuracy: 0.6828

Epoch 5/20

1250/1250 [ 1-18
val_accuracy: 0.6802

Epoch 6/20

1250/1250 [ ] - 18s 14ms/step - loss: 0.7203 - accuracy:
val_accuracy: 0.6874

Epoch 7/20

1250/1250 [ 1-17
val_accuracy: 0.7066

Epoch 8/20

1250/1250 [ 1-17
val_accuracy: 0.7055

Epoch 9/20

1250/1250 [ 1 - 17s 13ms/step - loss: 0.5312 - accuracy:
val_accuracy: 0.6982

Epoch 10/20
1250/1250 [
val_accuracy:
Epoch 11/20
1250/1250 [ 1-18
val_accuracy: 0.7083

Epoch 12/20

1250/1250 [ 1-717
val_accuracy: 0.7062

Epoch 13/20
1250/1250 [
val_accuracy:
Epoch 14/20
1250/1250 [
val_accuracy:
Epoch 15/20
1250/1250 [ 1-717
val_accuracy: 0.7133

Epoch 16/20

1250/1250 [ 1-18
val_accuracy: 0.7041

Epoch 17/20
1250/1250 [
val_accuracy:
Epoch 18/20
1250/1250 [
val_accuracy:
Epoch 19/20
1250/1250 [ 1-17
val_accuracy: 0.7165

Epoch 20/20

1250/1250 [ 1 - 17s 14ms/step - loss: 0.2700 - accuracy: 0.9064 - val_loss: 1.0855 -
val_accuracy: 0.7131

355 s S sl il 53 &8 (5uS ol  eslinl b ol (B sl pleSl 3 e
V.:S‘_S)Lﬂ)w LAAJJJ Slass J}lﬂ)b b @W)L\:\P‘j‘_};)}ﬂ-\’dli) ‘('.3\0.\:!5

»

14ms/step - loss: 1.4824 - accuracy: 0.4623 - val_loss: 1.1698 -

S

—
'
3
»
IS

.6000 - val_loss:

14ms/step - loss: 1.1323 - accuracy: .0689 -

S

.6276

S

%)

13ms/step - loss: 0.9810 - accuracy: 0.6534 - val_loss: 0.9494 -

S

=)

»

14ms/step - loss: 0.8859 - accuracy: 0.6900 - val_loss: 0.9151

®

S

7

15ms/step - loss: 0.8015 - accuracy: 0.7171 - val_loss: 0.9117

S

®

.7469 - val_loss: 0.8959

®

»
S

14ms/step - loss: 0.6486 - accuracy: 0.7709 - val_loss: 0.8811 -

®

S

»

14ms/step - loss: 0.5960 - accuracy: 0.7902 - val_loss: 0.9053

S

®

.8129 - val_loss: 0.9100

®

—
'
o
7
S

14ms/step - loss: 0.4887 - accuracy: 0.8262 - val_loss: 0.9183

®

.7077

17
S

14ms/step - loss: 0.4483 - accuracy: 0.8415 - val_loss: 0.9454 -

S

®

.8514 - val_loss:

.0072 -

%

13ms/step - loss: 0.4195 - accuracy:

S

fhar
'
o
7]
S

14ms/step - loss: 0.3889 - accuracy: 0.8625 - val_loss: 0.9655

®

.7089

fhar
'
o
7]
S

.8764 - val_loss:

14ms/step - loss: 0.3591 - accuracy: .0041

S

.7042

®

.8814 - val_loss:

.0220 -

»

13ms/step - loss: 0.3372 - accuracy:

S

S

.0927 -

7]

14ms/step - loss: 0.3242 - accuracy: 0.8868 - val_loss:

®

fhar
'
N
w
7
S

.8925 - val_loss:

18ms/step - loss: 0.3053 - accuracy: .0579

S

.7046

fhas}
'
3
1)
®

.8990 - val_loss:

14ms/step - loss: 0.2917 - accuracy: .0833

S

.7061

®

.9014 - val_loss:

L0957 -

»

14ms/step - loss: 0.2825 - accuracy:

®

plt.plot(hist.history['loss'])
plt.plot(hist.history['val_loss'])
plt.title('Model loss')

plt.ylabel('Loss")

plt.xlabel('Epoch')

plt.legend(['Train', 'Val'l, loc='upper right')
plt.show()




Y¥O

plt
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.plot(hist.history['loss'])

.plot(hist.history['val_loss'])
plt.
plt.
plt.
plt.
plt.

title('Model loss')

ylabel('Loss')

xlabel('Epoch')

legend(['Train', 'Val'l, loc='upper right')
show()

Model accuracy
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model.evaluate(x_test, y_test_one_hot)[1]

313/313 [ ] - 2s 5ms/step - loss: 1.1410 - accuracy: 0.6924
0.6923999786376953
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S olas 05 e S ol bl gl L8 Jus 058 e sdaline &) sbolen
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model.save('my_cifar10_model.h5"')

1S oslimd 08 a3 -l 1S (6 SO ool 53 1y 3 53 0l 0,233 Sk sl g3 o S

from keras.models import load_model
model = load_model('my_cifar10_model.h5')

el Sl plaeslo s sead Loail S sl 6l 1 255 CNN (sl b casds ) sba,
ol s les S el (g)lans 038 et sl Keras Sequential Jos 51 Ls )8 ¢l
031y 265 e (iomen L aolesls uﬁl)’yTﬁ\u;uijbﬁ)’\,SSL;h:\: 48 gazes (S9)
Jie sz (259l & 3L O sl suail pll gl OF 31 M ool B oles S
.(..:ifa.sl.&:\.w\

O cpl il (51 oS Olowal Oles g slaas (50,5 1y O Al puls Johe G 4870 5
ad g Olan )3 503, 55l0s o ol 51 (0315 4 gazme WIS Vo 51 SO bl ) ogead S
oS 03Ul 2y 4 8 et 5l Lo a1 3 5 5 notebook

JnSg o3lis 31 lal T iy 50 a0 1) JPEG L ol 0581 ool "CALJPY" cpo (5 o 305 o6
ol e

my_image = plt.imread("cat.jpg")
OF ol B oot it 1y 355 48 e ) oS el il s ool Al 87 (6,18 )
m;.:,c,u&:ou;?&;gé&@ XY XFY XY (635,503 01) s 51,8 555 e 535
plrsl 5o Lo 4 &8 oS oslinl scikit-image” ol a (sl 51 duly (oS 50515 05100
LS SaS ol

from skimage.transform import resize
my_image_resized = resize(my_image, (32,32,3))



VFY MiiglgilS (uoe Gl S 2y had

oS Sl gae ) s a3 @Bl I S a1l b

img = plt.imshow(my_image_resized)

Voo o B &S el LSy sl hyls bl 8 seal o)l &S ULEL wdls ax
BEE- L;b.’ ‘))\.5 45\) LS":U\"JfJ:‘&’ J>\JA S LS)L:.‘" Uf‘./"’L"’ ] 0 ‘_;.L.:u,al:.lo
45(,:;,3& «model.predict & 3l eslawl b (55 .ﬁSde! ("3"‘" rl;,;a\ Eges dﬁ:j)ﬁ

el dal - g;rjji-ig-LAO.HQL;OJWTLLLAcbjijjﬁ o3l> AL;fJ‘LSJthéﬂ 3y

import numpy as np
probabilities = model.predict(np.array( [my_image_resized,] ))

)§| REVLUVN uwys&))ﬁ Jlee| @)}344.19};;;: O Vo oo~ NL ﬁ&h@),&-
probabilities

array([[2.6720341e-02, 3.1344647e-05, 1.5095539e-01, 3.8518414e-01,
3.3354717e-03, 3.2324010e-01, 5.1648129e-02, 5.7933435¢-02,
9.2716294e-04, 2.4454062e-05]1, dtype=float32)

STl 1y o S anded (Jue sla o e O3 g (51

number_to_class = ['airplane', 'automobile', 'bird', 'cat', 'deer', 'dog', 'frog',
'horse', 'ship', 'truck']

index = np.argsort(probabilities[0,:])

print("Most likely class:", number_to_class[index[9]1], "-- Probability:",
probabilities[0,index[9]])

print("Second most likely class:", number_to_class[index[8]], "-- Probability:",
probabilities[0,index[8]])

print("Third most likely class:", number_to_class[index[7]], "-- Probability:",
probabilities[0,index[7]1]1)

print("Fourth most likely class:", number_to_class[index[6]], "-- Probability:",
probabilities[0,index[6]1]1)

print("Fifth most likely class:", number_to_class[index[5]], "-- Probability:",

probabilities[0,index[5]1]1)
Most likely class: cat -- Probability: 0.31140402
Second most likely class: horse -- Probability: 0.296455
Third most likely class: dog -- Probability: ©.1401798
Fourth most likely class: truck -- Probability: 0.12088975
Fifth most likely class: frog -- Probability: 0.078746535
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! Alex Graves and Greg Wayne and Ivo Danihelka (2014). "Neural Turing Machines".
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V00 L;hﬁgjbtﬁuoc(5Ubd54ib:pngg Jod

S e saalos (6550 1y RNN (sladie o ol oS 1S e L5 g3lede sl
oslzal [l 5y 90 asls 53 Jgime 5 ol SblS s uJbS:x,J)S (gt 3 Rl Ll
Al Ll 2ol ls (63555 fe 2 Ll RNN 2 soos e W ge g o0
JOU SR P dﬁfv.\)g@m&?uw@u&};uuu&,mﬁ;\@uﬁ
e el ol osls B sl 055 4 Jde S1.S U 5 1) 0k S b glaasliads
3 K" 0ley S e el 53 255 0l i ool (e 4 e 5 A3k U 5B BB A (5 s
AN 5 I 0l b S o 03Ul e D15 & 5 soad 550 gy 0o 531 "o
S8 0550 IS eslinul )l Slagssys lp 35 e 500 glaolsS 3 G
S obSove 3l g bccwd 8l gl Jle o <SS (www.gutenberg.org)
el 0l pdie gl Ol G SO,
0 gy 3l Lo 1) b 5 Koo tXE U L Lty
https://cs.stanford.edu/people/karpathy/char-rnn/warpeace_input.txt
S8 055 3\ 1 O ol e S0 B b 51 aiS o 35kl
https://www.gutenberg.org/ebooks/2600

4l oo palin b Bl s o rng‘L;LAdUng§Q<}\g§%ﬁ Lb u\‘vfﬁfsjbb
oMol e 0T 0 LIS A (Il SISV v e Ol b s oS e ks S S S

training_file = 'warpeace_input.txt'
raw_text = open(training_file, 'r').read()
raw_text = raw_text.lower()

raw_text[:100]

'ufeff"well, prince, so genoa and lucca are now just family estates
of thenbuonapartes. but i warn you, i'

n_chars = len(raw_text)
print('Total characters: {}'.format(n_chars))

Total characters: 3196213
sl ey 1y O31s 03101 5 LS (sla SIS 13l 5 oo ¢ e

chars = sorted(list(set(raw_text)))

n_vocab = len(chars)

print('Total vocabulary (unique characters): {}'.format(n_vocab))
print(chars)

Total vocabulary (unique characters): 57

[I\nly 1 l’ I!I’ llll’ llllly I(l, I)I’ l*l’ I’l
I'Il, l2l, |3|’ |4|, |5l, l6|’ |7|, |8|, |9l,
lal, lbl, lcl’ ldl, lel, lfl’ lgl, Ih', lil,


https://cs.stanford.edu/people/karpathy/char-rnn/warpeace_input.txt
https://www.gutenberg.org/ebooks/2600
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n , 0 , lpl, Iq', r , S‘, It', IU', IV‘, IWI, IX', Iyl, IZI
'é', 'é', "\ufeff']

FSUS 0V 5 2SI o gdon W31 i 5168 sl pli 5558l 0313 ae peres G Lo (55T
@&Q-LsJL«M)D?ﬁf@@RNNJM@\)QTﬁ\;S@@&LA‘.QM\oMJ:QJLZQ
L e il gn cla )50 53 LS o 5 Olajen 1y Ll 53,8 ) i Jls Joe ki
2505 s b s sbadlis dob oS 0dis culb dob b gla 518 ladllis
L dls dsb a8 (55 3 5d o ralr Lol (35,5 callis 51 SIS SG 5 ol ol
&earni@j};Iearngaj)jbrg\;@o};f\.r:.a.a&)\}agylearningwgﬂ

S S 3 Dy 0 45 3 1y Je ol ol L5l (o8 5T 46500

17
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learn ‘s209 J\%
earni : 2> Js

—H e

Pl e slaesls (15 e« o 255eT 4 samn S 250 53 peiles (35581 €505 S s L
505 S5 (52555 W S ST allos o 0iS S Vv e (g5l Jsb L pladlis 41,
o) Ll oS o Jaloss 5 452 ag) Oles @ 1) ol s (Slaesls b ¢ . ol 3
25371 8 50 S5 ¢ g B ool s G 5 5 S5 2 oS o 50 2SS 1L
Jsb Olse & 0 34 5 deep learning architectures el e a5 b ol 6l o

ol 25 g0 ) o) gl 450l iy ol S I
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index_to_char = dict((i, c¢) for i, ¢ in enumerate(chars))
char_to_index = dict((c, i) for i, ¢ in enumerate(chars))
print(char_to_index)

i ol o L s '35 e 3 0V i U sl € SIS Wi Dl o
ey S 53 1) ngl.lf.lf&j\ 0350) 3,15 3525 v O 505 e el aen 5305 13 )
oy )58l 0315 48 gares P GS I G s Jsda O 03bl b (s S odaliie

el 25 S50

import numpy as np
seq_length = 100
n_seq = int(n_chars / seq_length)

353903 s REIAEY ﬁ‘)"d‘i’))'ﬂ}s“}"" n_Sequ Ve 6oy AJL».-J J)LV.:ML
V.““f“;“ @j‘@)}‘ﬁa bé}}ﬂf_ﬁf

X = np.zeros((n_seq, seq_length, n_vocab))
Y = np.zeros((n_seq, seq_length, n_vocab))

ol 6 S0l IS8 L 5 allss Jsb oS Asl adls a5
(“5§333 :Lag‘chkJ: JJQQ 4 9o 2ldel)
oslz) RNN Jos U‘:'))'JLS\J" Keras}\ ﬁ)‘bw L»:Ag‘ﬁ- ‘Cﬂw\)l.:.v )40 @Jﬁgﬁ“’:

S e bl 15 N_Seq (sladh sad 51 S5 s oS

for i in range(n_seq):
x_sequence = raw_text[i * seq_length : (i + 1) * seq_length]
x_sequence_ohe = np.zeros((seq_length, n_vocab))
for j in range(seq_length):
char = x_sequence[j]
index = char_to_index[char]
x_sequence_ohe[j][index] = 1.
X[i] = x_sequence_ohe
y_sequence = raw_text[i * seq_length + 1 : (i + 1) * seg_length + 1]
y_sequence_ohe = np.zeros((seq_length, n_vocab))
for j in range(seq_length):
char = y_sequencel[j]
index = char_to_index[char]
y_sequence_ohe[j][index] = 1.
Y[i] = y_sequence_ohe

i Ly bl IS8 05 lad s )21 b a5 e ¢ Joled <oy 50 3
X.shape
(31962, 100, 57)
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(31962, 100, 57)

Y.shape

heol .ol RNN e il 0oy 0581 5 23S 03l 1) (35 54l 0315 45 same (ol
2J.:L§>)b \) (Uy L;L&JJJLG rLo::
from keras.models import Sequential
from keras.layers.core import Dense, Activation, Dropout
from keras.layers.recurrent import SimpleRNN
from keras.layers.wrappers import TimeDistributed

from keras import optimizers
from tensorflow import keras

‘;)Lﬁz’; bl dl&:}" cudﬁy R QLAQ‘})); SIS caws ej\u\:a\ d.l.«.?-)" cLhJJ\.A‘)k::JJJ‘ LO‘}A{‘
M@Wb Lha)jb sldss

batch_size = 100

n_layer = 2
hidden_units = 800
n_epoch = 300
dropout = 0.3

V.:;f@ }ler:" ‘) 4§.-: Coe

model = Sequential()
model.add(SimpleRNN(Chidden_units, activation='relu', input_shape=(None,
n_vocab), return_sequences=True))
model . add(Dropout(dropout))
for i in range(n_layer - 1):

model.add(SimpleRNNChidden_units, activation='relu',
return_sequences=True))

model . add(Dropout(dropout))
model.add(TimeDistributed(Dense(n_vocab)))
model.add(Activation('softmax'))

Pl a8 a0 i L el &7 e 550 0
35 Joos los G w2850 slawY 25 > ireturn_sequences=True *
‘C"J)"*a C):"JT?&‘)J r.:l:.w‘)}@ 6)%&1.0.& ‘L{L{q Oiq.a \) -L%MJ;{LSJLMAJ
g ARl s Ol 4 e AT g e S iy 4
35 el Wiy K 22550 a5 &S bl 31 iTimeDistributed =
5 '-’rfu‘*; Sl 605 5wl Jol8 faw oY G i Y S I
.J}J@ oalazul 3,90 Uf\ 03) )9 LS\J‘ TimeDistributed
oS e Dl 0/ 0V (0L 5 L L RMSProp b ludiags 51

optimizer = keras.optimizers.RMSprop(learning_rate=0.001, rho=0.9,
epsilon=1e-08, decay=0.0)
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BEEE) Vﬁhx;Lﬁd) L)Lng @ [} J‘?5~ Jde cx-lu g4-:%52i;3- (:%:LEJLA gjﬁ‘szsT L)ij Q)JJ:; Lo L
:vgslf LlelS1) Jbe ol
model.compile(loss= "categorical_crossentropy", optimizer=optimizer)

oMo Je 51 slawods & A (il e 25 S Sl eslanal U

model . summary()

Layer (type) Output Shape Param #
simple_rnn_4 (SimpleRNN) (None, None, 800) 686400
dropout_4 (Dropout) (None, None, 800) 0
simple_rnn_5 (SimpleRNN) (None, None, 800) 1280800
dropout_5 (Dropout) (None, None, 800) 0
EiTgagézgributed_Z (TimeDis (None, None, 57) 45657
activation_2 (Activation) (None, None, 57) 0

Total params: 2,012,857
Trainable Earams 2, 012 857
Non-trainable params

o2 e SVsb 5 5ol L) g 51 g3 Ll eals 5 sel 1 el Osebs Y51 i
Job 53 Jde Jls glacanss 5 LT (5,80 ¢l | acallback 31 & S el s>
rl 25 35150 ol callback ml s oS wdas 5 sl
ool b LS 0 0,33 0595 & 5| da |y Joe aS7 (Jde (checkpoint) g“J‘J abag =
LT 311y 35 gl co e 8 (i 5 0y 300 53 5 038 (6 S5k |y kb 033 Ja o3
0259 o )
S B 1y B sl el 250 03 0L b S ey oS p K g) B 5
Jshne sz odd I 55 (e oty ool B o0 Lo oliie ) gboay e A 5 el g 2
s o gedie B 3160 5 35 501 0L oS o
g e e sl (Al b S ) ) e 0 2l 5
from keras.callbacks import Callback, ModelCheckpoint, EarlyStopping

filepath="weights/weights_layer_%d_hidden_%d_epoch_{epoch:03d}_loss_{loss
1. 4f} . hdf5"

checkpoint = ModelCheckpoint(filepath, monitor='loss', verbose=1,
save_best_only=True, mode='min')

0L eaead Lo 358 0 053 s ol 53 (35581 015 50555 osled b ks gy Bl
L}‘}ZA 09> O L;‘J" OT&L{QT&W (¥ r:ig& CJ)LEJ OLA)V.Q)}LQ b L;:;.»J)L;\P\
e Logd e B

early_stop = EarlyStopping(monitor="'loss', min_delta=0, patience=50,
verbose=1, mode='min')
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L&gcb \S:O ‘J&J‘ '(':U\; 6)‘}1 C..:.L:f J;QJLE.: LS‘J" callback &.1”5 Lo (o 4.1?-;» B
S 05 L RNN Qe k5 by b o b e o o

def generate_text(model, gen_length, n_vocab, index_to_char):

Generating text using the RNN model
@param model: current RNN model
@param gen_length: number of characters we want to generate

@param n_vocab: number of unique characters
@param index_to_char: index to character mapping

@return:

# Start with a randomly picked character
index = np.random.randint(n_vocab)
y_char = [index_to_char[index]]
X = np.zeros((1, gen_length, n_vocab))
for i in range(gen_length):
X[0, i, index] = 1.
indices = np.argmax(model.predict(X[:, max(@, i - 99):i + 1, :1)[0], 1)
index = indices[-1]
y_char.append(index_to_char[index])
return ('').join(y_char)

SG A 82005 e g LS 5,0 0dd OBl Balal 5k 4 ST 2L (b
b el Jsb oS LS o W55 sla sSHIS° bl 5 1y gen_length-1 e dils L (sla =SS 5
S oS 25 1y callback (udS oSl oo 0581 LS oo oy (Lo Jsb) sl Y e

WS 0 A5 ey N o gl 1) oy

class ResultChecker(Callback):
def __init__(self, model, N, gen_length):
self.model = model
self.N = N
self.gen_length = gen_length

def on_epoch_end(self, epoch, logs={}):
if epoch % self.N == 0:

result = generate_text(self.model, self.gen_length, n_vocab,
index_to_char)

print('\nMy War and Peace:\n' + result)

3¢§5Lf garsly Jbe D55 ekt 03l |y aan 457 55

model.fit(X, Y, batch_size=batch_size, verbose=1, epochs=n_epoch,
callbacks=[ResultChecker(model, 10, 200), checkpoint, early_stop])

Vel g 0) W) ‘\LgLAo)_g)Lg‘ﬁﬁj GLL: .L.Mj};dajs\)ls\"' 093 \'JAL;\J;.U}A

.L.Zb@
Epoch 1:
Epoch 1/300
8000/31962 [======>. .. .. .. .. ...c.cueuun.. ] - ETA: 51s - loss: 2.8891
31962/31962 [ 1 - 67s 2ms/step - loss: 2.1955

My War and Peace:
5 the count of the stord and the stord and the stord and the stord and the

stord and the stord and the stord and the stord and the stord and the stord
and the and the stord and the stord and the stord
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Epoch 00001: loss improved from inf to 2.19552, saving model to
weights/weights_epoch_001_loss_2.19552.hdf5

Epoch 11:

Epoch 11/300

100/31962 [.vve e e e 1 - ETA: 1:26 - loss: 1.2321
31962/31962 [ ] - 66s 2ms/step - loss: 1.2493

My War and Peace:

?" said the countess was a strange the same time the countess was already
been and said that he was so strange to the countess was already been and
the same time the countess was already been and said

Epoch 00011: loss improved from 1.26144 to 1.24933, saving model to
weights/weights_epoch_011_loss_1.2493.hdf5

Epoch 51:

Epoch 51/300

31962/31962 [ ] - 66s 2ms/step - loss: 1.1562
My War and Peace:

I'ICDP!E.agrave!! to see him and the same thing is the same thing to him and
the same thing the same thing is the same thing to him and the sam thing
the same thing is the same thing to him and the same thing the sam

Epoch 00051: loss did not improve from 1.14279

Epoch 101:

Epoch 101/300

31962/31962 [ 1 - 67s 2ms/step - loss: 1.1736
My War and Peace:

= the same thing is to be a soldier in the same way to the soldiers and the
same thing is the same to me to see him and the same thing is the same to
me to see him and the same thing is the same to me

Epoch 00101: loss did not improve from 1.11891

23‘3..1@ ;43)1» YeYo,y9s Jﬁ‘)‘)" u:‘)j""
Epoch 00203: loss did not improve from 1.10864
Epoch 00203: early stopping

J\S@Jbﬁ:\ Yo Voyed yo bﬁ)&» «Jde

which was a strange and serious expression of his face and shouting and said
that the countess was standing beside him. "what a battle is a strange and
serious and strange and so that the countess was

LT il Lk (1 s (Il b o p3 0 0l g (6390 B Lo ks 5 S
Ll el 61 ey §0S” Joe 2 RNN s ol 55 L slyly i b il 500 LT oS
6L Lyl S Slas J> sl RNN Jio & g0l o813 oyl 1y i)
GRU 5 LSTM wibs _olasslons 3,00 Jlo s oLIS s ol la Kol s

Lot b JSts ol Jo 512 o5 by
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LSTM

s a5 Jas 5 Ll ez s s (sla Sl 5 (5 550 a0 556 o5l SLARNIN (5565 3
Sbaly 53 S 0 e °U§§“-Jﬁ S5k “?/-’JJ"-‘ 1 355 Lol OLsl 8 s JSCe
L (Long short term memo;y) ca.x.o/ebjfd',‘ﬁ‘,b adabl Sl (s sdes ol b abilis
So sy s w0 ) Saedds gl Kol Ll e LSTM . 41,1 LSTM Lzl
- s el (Bl 53 o guates galibl J s
ol o 4 Ll 5 0 oMbl oS ol (Cell state) cundy J b LSTM (S 0!
Ol 1-0 JSE 55 € 0lye bt 0l Sl ccamds sl ol 358 Bl L s Of o

) 0 03l

fe = o(Wrhi—q + Upxy + by)

iy = O-(Wiht—l + Uixt + bl)

a; = tanh(W;he_1 + Ucx; + by)
0 = o(Wohi—1 + Upxy + by)

e =fexcg Higxa

h; = o; * tanh (c;)

LSTM K kb -0 S
JE gl aly &S &S s ol slao)lg)s buw s Llg o s LSTM Cunad s J shos
030503 1l 0l LSLES 031555 dw 3l Jsems LSTM SO sl 0F 250 51 ledib
(0) o031 5 (D) 3509031953 (f) gl p
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o2l oo Lo LTS5 180 o el 03003 ol el b gol 3 031553 LSTM s sl o313

s heg 3 s el Bl o3l el S b oS SL ) Conds sk
Sl Ko 5 i e SMEs b s 5 3l 51 sigmoid B Sl Xy b 62555
ol (A G Slelss 2 oo s o3l oads J gk 3 ol (1 SG
e & B5al b Go3l0s (B 03 e olMEs b e bl Conds Jshe 5 el 3
03,5 Ssolp Slae & jio « Jlie 5o ol Condy sk 53 e Dbl LalS B
Sl Ll 5 o LSTM & sl s ol & ol sl Cl- J sl pozie s QL::)Uol b5
2304 Sl 3 Gedla)s el 33N 593 3 Condy Sk 1o 51 by

!
fe = o(Wrhe_q + Urx; + by)

3353, pl 3 Lol alable s 0 ot el oS58 s oD S 03153
S polie sl w5 S S5 1y palie pliSTaSTs 1 el 13 5k o ol Jimy
OBeE (51 0 4L ok (gl 3oL 31 (g alie bl (gl i 15 31 ol el Sluy 3
31535 a4 Go s O)9 o sle 30 Ap 3500 Sl 558 e el Coad s J sk )3
o3l Conds Jsho alin sl b ()l JSi5 6l Lagsngys 5 A3 Olgy I
3 g o3l i 2 b S Ol tanh B G 5135 sl sl 61 S e
t ol 0l 0313 3LES ) e V¥slas 3 il 3 o

i = o(Wihe—q + Uixy + by)
a; = tanh(W.hy_q + U.xp + bf)
oadia gloy s 8 5o |y Conds d b Slan)sn Sosm0 (S35 5 sl S0l
358 pladl 2 dslas G b 51 Slej e G 53 Condy J gk Slanisn S
Ct = fe*Cq+ig*a

Sl LSTM sk S5 26 s A3l 4 (g 3 482,50 s 051003
@L*, S el '-’J:fd" S350 Olge w )y xp 9 hyq @)f}sajljja ol by Olgs
I oalin Dl B3 55 o 03ll K 5 s o ealie b 51 2 aclons 515 sigmod
o3 1NN Y S5 o 1) Conad s J sk Sl s s p il 1) Sl a0 3 Conids
5551 55 50 (glacaand B 03,8 s sigmoid L3 4 s 5 5o 1 of Hldis colg 53 6
SNl gen sl Sl oS sl ns &+ g B g SIS S 2l s
o Jobo Sl ol il oS ol Lins ol ) mg 5 oS I 3 oS A5 1,
s o OLES 1y Wiy ol o) OV¥slre 358 o Jie J gl

or = o(Wohe—1 + Upxe + by)
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h; = o; * tanh (c;)
318 0l wdls x5 S8 e cdaslows OLsI S goes ol 55 Lo 5 LSTM 485 L
Sl gigy al e 4 dl o Los gk Cond s AL v (63555 050500 5 AL Y S gal B o3ls)0
aadl came s 53 XSS L) Jshw ababls ol 5 5b 4y Ll oo o sal 3 031550 LS 58 0
ey 3L i 05 Y Olasde 53 Bl 5 e
il 03l30las ) IS s Jes 53 0l Jsb 55 LSTM Q.L.:)'L.:/Lgcj}d

I

‘c.,..../\a.)...ir.:lé::- V635,55 05l0y 35 0 0313 (635,53 Ol g 4 &S 4 FLY s Ll s
‘..:E:J V4ol (B gel b 0)le)s e al e 93 (Gl e 355 0 033 S Hlade ul by
Gt Sledb s 5355 0 SIS ol o ool Jsb 53 oMbl S cpl by sl s
Va0l ecolg o Lledd B v 4 (63555 Slae)lspe S sl el Bl

Lo (B 53 O 53580 AP FY 5 25800 (i

LSTM U ¢fn audgo

3L3l SEQ_LENGTH = 160 sk 5l b 13 Y 5 X 125547 45 sares 35000 31 - oots oo
LS
seq_length = 160
n_seq = int(n_chars / seq_length)

X
Y

= np.zeros((n_seq, seq_length, n_vocab))
= np.zeros((n_seq, seq_length, n_vocab))
for i in range(n_seq):
x_sequence = raw_text[i * seq_length : (i + 1) % seq_length]
x_sequence_ohe = np.zeros((seq_length, n_vocab))
for j in range(seq_length):
char = x_sequence[j]
index = char_to_index[char]
x_sequence_ohe[j][index] = 1.
X[i] = x_sequence_ohe
y_sequence = raw_text[i * seq_length + 1 : (i + 1) * seq_length + 1]
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y_sequence_ohe = np.zeros((seq_length, n_vocab))
for j in range(seq_length):
char = y_sequence[j]
index = char_to_index[char]
y_sequence_ohe[j][index] = 1.
Y[i] = y_sequence_ohe

3l G 5 sy Av e 63l 2t S5L Y 53 b s 51 L S RNN Joke b aslie
S s 0oLl o/ Jlazal b

from keras.layers.recurrent import LSTM
batch_size = 100

n_layer = 2

hidden_units = 800

n_epoch= 300

dropout = 0.4

model = Sequential()
model.add(LSTM(hidden_units, input_shape=(None, n_vocab),
return_sequences=True))
model . add(Dropout(dropout))
for i in range(n_layer - 1):
model.add(LSTM(Chidden_units, return_sequences=True))
model . add(Dropout(dropout))
model.add(TimeDistributed(Dense(n_vocab)))
model.add(Activation('softmax'))

oS o3l 2700 ) (6,850 &5 b (RMSProp 3\ luacg: )

optimizer = keras.optimizers.RMSprop(learning_rate=0.001, rho=0.9,
epsilon=1e-08, decay=0.0)

model.compile(loss= "categorical_crossentropy", optimizer=optimizer)
oS 4o (el S35« oST|) LSTM e ol

model . summary()

Layer (type) Output Shape Param #

1stm_1 (LSTM) (None, None, 800) 2745600

dropout_1 (Dropout) (None, None, 800) 0

1stm_2 (LSTM) (None, None, 800) 5123200

dropout_2 (Dropout) (None, None, 800) 0

time_distributed_1 (TimeDist (None, None, 57) 45657

activation_1 (Activation) (None, None, 57) @

Total params: 7,914,457
Trainable params: 7,914,457
Non-trainable params: @

s RNN Jubs 31 s ol 5l Lo 5 a8 550 5525 3550l (81 syl O sabos A 350
0 g b sl Al
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model.fit(X, Y, batch_size=batch_size, verbose=1, epochs=n_epoch,
callbacks=[ResultChecker(model, 10, 200), checkpoint, early_stop])

)V'\ c\O\6@0))36\ﬁﬁj@@.&~3}3&}5b[§0” Lf@:.co)jb \")Aé‘f.u}ﬂ

el YOO
Epoch 151:
Epoch 151/300
19976/19976 [ ] - 250s 12ms/step - loss:
0.7300

My War and Peace:

ing to the countess. "i have nothing to do with him and i have nothing to
do with the general," said prince andrew.

"i am so sorry for the princess, i am so since he will not be able to say
anything. i saw him long ago. i am so sincerely that i am not to blame for
it. i am sure that something is so much talk about the emperor alexander's
personal attention."

"why do you say that?" and she recognized in his son's presence.

"well, and how is she?" asked pierre.

"the prince is very good to make

Epoch 00151: loss improved from ©.73175 to 0.73003, saving model to
weights/weights_epoch_151_loss_0.7300.hdf5

Epoch 201:

Epoch 201/300

19976/19976 [ 1 - 248s 12ms/step - loss:
0.6794

My War and Peace:

was all the same to him. he received a story proved that the count had not
yet seen the countess and the other and asked to be able to start a tender
man than the world. she was not a family affair and was at the same time as
in the same way. a few minutes later the count had been at home with his
smile and said:

"i am so glad! well, what does that mean? you will see that you are always
the same."

"you know i have not come to the conclusion that i should like to

send my private result. the prin

Epoch 00201: loss improved from 0.68000 to 0.67937, saving model to
weights/weights_epoch_151_loss_0.6793.hdf5

Epoch 251:

Epoch 251/300
19976/19976 [ 1 - 249s 12ms/step - loss:
0.6369

My War and Peace:

nd the countess was sitting in a single look on

her face.

"why should you be ashamed?"

"why do you say that?" said princess mary. "why didn't you say a word of
this?" said prince andrew with a smile.

"you would not like that for my sake, prince vasili's son, have you seen
the rest of the two?"
"well, i am suffering,

replied the princess with a sigh. "well, what a
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delightful norse?" he shouted.
the convoy and driving away the flames of the battalions of the first
day of the orthodox russian

Epoch 00251: loss improved from 0.63715 to 0.63689, saving model to
weights/weights_epoch_251_loss_0.6368.hdf5

2D gl g0 2B g ~/7~~\QLD'L)U5,)’).«T‘Y‘~~ 093 55 olg o
Jsgt?j,sd.sbcuj&?guu Sl 535 LSTM (g)lors ila) @ e S go
Lol L g o5 3o e 4 S U5 6l o LSTM GLaRNN ¢l o osde .o s

2,8 5k 0 5 LaTex (HTML dobs (g S8 osls a5 45l 55 e

LSTM UL ¢fin (cawa 2332 saddab

Tl sdss Sz & b ‘():“‘;";?“'31*1’94"‘52"1?%"}5")”-" U asls Ao Jide ol
3038 Jloi 1y pme ol SO oS il el e dalh Jde S ann s 4 Lo
St i L A b B e g i

«toxic ZJ)\.\J.EJJ.A Lg‘)’ u’ﬁj} [ U:MZ c&)}ATLg\J.’ oslazl 340 oals 4 gomo
Laaiws ol aan 4 Ll 5 0 20 S Lidentity_hate s insult cthreat cobscene <severe_toxic
o ki (G odi b alins S w0 1y O &8 ASL als 3 aaiws opl 5 (5148 sazs 3 b
Jte u:»‘).b .A:\.\f.\‘yb\b Kaggle \CA:vaUj u::\)\ J‘:"’\):@ [)osls 48 gazes u:g‘ v\n{@ Jﬁv\'\:}
28 el 5= ool Ttrain.csv” b 5l Les

) JSV:.&;‘: ML 1) 051y dsgame 5 05,5 5,05 1y 5L 5,50 slawliolS ol
WS o 35051y 5L 5y 90 slaalBels

from numpy import array

from keras.preprocessing.text import one_hot

from keras.preprocessing.sequence import pad_sequences
from keras.models import Sequential

from keras.layers.core import Activation, Dropout, Dense
from keras.layers import Flatten, LSTM

from keras.layers import GlobalMaxPooling1D

from keras.models import Model

from keras.layers.embeddings import Embedding

from sklearn.model_selection import train_test_split
from keras.preprocessing.text import Tokenizer

from keras.layers import Input

from keras.layers.merge import Concatenate

import pandas as pd

import numpy as np

import re

import matplotlib.pyplot as plt

[’Z"‘fgsﬁ 6)\A§Jb b o3ls 4L ga2mn JL>-

toxic_comments = pd.read_csv("train.csv")

L https:/Avww.kaggle.com/c/jigsaw-toxic-comment-classification-challenge/overview



https://www.kaggle.com/c/jigsaw-toxic-comment-classification-challenge/overview
https://www.kaggle.com/c/jigsaw-toxic-comment-classification-challenge/overview
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as e ul.fl.u Iy esls w)wdi.;ﬁ)f

print(toxic_comments.shape)
(159571, 8)
el G gn A >)j§) Yoqov) J.»LZ 0313 48 gazes Dl odali SJJL‘)M

1S e odalin g5 1) Wesls b gad L 3 5w b

toxic_comments.head()

id comment_text toxic severe_toxic obscene threat insult identity_hate

Explanation\nWhy the

@ 0000997932d777bf edits made under my 0 0 0 0 0 0
usern. ..
D'aww! He matches this

1 000103f0d9cfb60f background colour I'm @ 0 0 0 0 0
S...
Hey man, I'm really not

2 000113f07ec002fd trying to edit war. 0 0 0 0 0 0
It...
"\nMore\nI can't make

3 0001b41b1c6bb37e any real suggestions on 0 0 0 0 0 0

You, sir, are my hero.
4 0001d958c54c6e35 Any chance you 0 0 0 0 0 0
remember. ..

b W‘JBMJLﬁ&)‘ﬁ.ﬁ&jbdﬁ)}ﬁdﬁijbdgdub)jfj qu:J eJ..&.’ 4l.>-J.A).>

.V1;5L5A bl
filter = toxic_comments["comment_text"] != ""

toxic_comments = toxic_comments[filter]
toxic_comments = toxic_comments.dropna()

e 9 (,.Sul;- bk Sl el e ol by (g5l comment_text O g
e b 2L Glacer

print(toxic_comments["comment_text"1[168])

You should be fired, you're a moronic wimp who is too lazy to do research.
It makes me sick that people like you exist in this world.

oWl Bl b e e slacaz 4 A ) g L L

print("Toxic:" + str(toxic_comments["toxic"]1[168]1))
print("Severe_toxic:" + str(toxic_comments["severe_toxic"][1681))
print("Obscene:" + str(toxic_comments["obscene"]1[168]))
print("Threat:" + str(toxic_comments["threat"J[1681))
print("Insult:" + str(toxic_comments["insult"J[1681))
print("Identity_hate:" + str(toxic_comments["identity_hate"]1[1681))

Toxic:1
Severe_toxic: 0
Obscene: 0
Threat:0
Insult:1
Identity_hate:0

toxic_comments_labels = toxic_comments[["toxic", "severe_toxic", "obscene",
"threat", "insult", "identity_hate"]]

fig_size = plt.rcParams["figure.figsize"]

fig_size[0] = 10
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fig_size[1] = 8
plt.rcParams["figure.figsize"] = fig_size
toxic_comments_labels.sum(axis=0).plot.bar()
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abscene
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def preprocess_text(sen):
# Remove punctuations and numbers

sentence = re.sub('[*a-zA-Z]', ' ', sen)

# Single character removal

sentence = re.sub(r"\s+[a-zA-Z]\s+", ' ', sentence)
# Removing multiple spaces

sentence = re.sub(r'\s+', ' ', sentence)

return sentence
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COmMMENt_text & s 2 (63555 .S s slrml 1) 555 (s 5 5 S25)5 48 sames Ay > 10
2N bz b by oS 0 X s o ) oLl plad Lol
Y ekis 03 s Setd Sl palas O 51 L . dileis o 53 toxic_comments_labels

s e plaeil | BICIS .)5(,:5@ oslaswl

X =11

sentences = list(toxic_comments["comment_text"])

for sen in sentences:
X.append(preprocess_text(sen))

y = toxic_comments_labels.values

o Slaws S > «p20l5 one-hot ng‘.lf.xffb.dl 4 53L be o3l ae gazes ol 5o
48 gozea 4o 1y 5 6 (glaosls (s > 1o y3 leds one-hotd,\iffdu,\sj a bl
Vrf& V.:...».ZS U}A)Tj JJ)).AT o3l

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.20,
random_state=42)

ol aslsl 4 aSCol ) JB ool 3l ~¢:’)‘-’ e lasls p a o3 (6555 Jodd @ 3L aslsl 5o
L;Lav;ﬁ)jijl o3 i (word embedding) lalS Slalz 3550 53 6 doby 23l o Jlts
SIS 1y e b g ol 31 i ol &) ooty 2 (slaesls )3 4 38 Gres (5,550
Sk Sl ey Sl Slals A3l Lol (5515, 5 Shs 4 3B s B s S s
S o ol i oyl p LB s oldS Slee ol o G o el LS
23 6ade slayls  pl gl e enls OLES wlin slasls o L aline 4s) 5 oo b lalS
G5pS sl sl 4 SLalS LS gl b 0L 53152 53 Ll slas Son) b avlie
Ll 1y ol 2Bl (Ll ol aus u,ﬁjjsT@js-@)f\ésJﬁéLa)bﬁ o2 Oereh sl
I 6l (5L Ko cledS ke ins 0L 1) LS o (520 5 obine LS| o
S o 03Ul Gras (6800 31 oS ol ank 0L) 3l e) g 3 S el sla)lS
53 dsl 3,500y 53 sl ey wsline 3 S5 53 51 Ol e sl b oldS Ll
(31 palin Ll 53 ¢ gy ol 33 iy 6.8 3l ol SIS Dlajen 45 25l on
Sk 3 olis (l G55el e 53 s 5 25 AP B2l sy Ll L
031> 25580 ok ) s 2800 s Slenin g St sl Koo wile (sleingy
5 e Sy sbaesls asseme 55, glove 5 fasttext wiles ol lag, S L
el Ly SN ol 31 el ey (glacs3 5 5 03l
S Jotd Slaler Glaslo a1y e slagso s, B bl Jl-

tokenizer = Tokenizer(num_words=5000)

tokenizer.fit_on_texts(X_train)

X_train = tokenizer.texts_to_sequences(X_train)

X_test = tokenizer.texts_to_sequences(X_test)

vocab_size = len(tokenizer.word_index) + 1
maxlen = 200
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X_train = pad_sequences(X_train, padding='post', maxlen=maxlen)
X_test = pad_sequences(X_test, padding='post', maxlen=maxlen)

(Bl oLl 5 53 (eode OLlur @ (e a5y S sl GloVe S gl 5l L
S 3l 5 SOl 6,0 6l e S

lwget http://nlp.stanford.edu/data/glove.6B.zip
lunzip glovex*.zip

r:*i;‘ Jose 2 s v Ol 5 eslial (gl

from numpy import array
from numpy import asarray
from numpy import zeros

embeddings_dictionary = dict()
glove_file = open('glove.6B.100d.txt', encoding="utf8")

for line in glove_file:
records = line.split()
word = records[0]
vector_dimensions = asarray(records[1:], dtype='float32')
embeddings_dictionary[word] = vector_dimensions
glove_file.close()

embedding_matrix = zeros((vocab_size, 100))
for word, index in tokenizer.word_index.items():
embedding_vector = embeddings_dictionary.get(word)
if embedding_vector is not None:
embedding_matrix[index] = embedding_vector

&3ajulqu&gaLgsj)jq\!QL;\)|JLAJm ﬁf@sbg\\)sydmﬁjﬁbw
)5%]3f‘Lac\f\ﬁgsﬁM\)}Q))}"9@&}#@&&3}&})}3 YYAL LSTM &Y
'V"Ubjjf;
deep_inputs = Input(shape=(maxlen,))
embedding_layer = Embedding(vocab_size, 100, weights=[embedding_matrix],
trainable=False)(deep_inputs)
LSTM_Layer_1 = LSTM(128)(embedding_layer)
dense_layer_1 = Dense(6, activation='sigmoid')(LSTM_Layer_1)
model = Model(inputs=deep_inputs, outputs=dense_layer_1)
model.compile(loss='binary_crossentropy', optimizer='adam', metrics=["'acc'])

oS ol 1 e o3 il

print(model.summary())
Model: "model"

Layer (type) Output Shape Param #
input_1 (InputLayer) [(None, 200)] 0
embedding (Embedding) (None, 200, 100) 14824300
1stm (LSTM) (None, 128) 117248
dense (Dense) (None, 6) 774

Total params: 14,942,322
Trainable params: 118,022
Non-trainable params: 14,824,300
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from keras.utils.vis_utils import plot_model
plot_model(model, to_file='model_plot4a.png', show_shapes=True,
show_layer_names=True)

input_1 input:

[(None, 200)] | [(None, 200)]

l

(None, 200) | (None, 200, 100)

!

(None, 200, 100) | (None, 128)

l

(None, 128) | (None, 6)

InputLayer | output:

embedding | input:

Embedding | output:

Istm input:
LSTM | output:

dense | input:

Dense | output:

Ju-W‘OJJ}.’;‘LfJﬂLSJ.ALAQY\JALZ&B@)J}@\I&%L;QYL:,JQ)\
petS 3sal | 35 Jae ol

history = model.fit(X_train, y_train, batch_size=128, epochs=5, verbose=1,
validation_split=0.2)

Epoch 1/5
798/798 [
0.0739 - val_acc: 0.9941

Epoch 2/5

798/798 [ 1-1
0.0599 - val_acc: 0.9943

Epoch 3/5

798/798 [ 1 - 13s 17ms/step - loss: 0.0572 - acc: 0.9938 - val_loss:
0.0573 - val_acc: 0.9935

Epoch 4/5

798/798 [ 1 - 13s 17ms/step - loss: 0.0548 - acc: 0.9939 - val_loss:
0.0566 - val_acc: 0.9943

Epoch 5/5

798/798 [ ] - 14s 17ms/step - loss: 0.0523 - acc: 0.9940 - val_loss:
0.0542 - val_acc: 0.9942

[}
'
N
(S

s 17ms/step - loss: 0.1193 - acc: 0.9684 - val_loss:

w

s 17ms/step - loss: 0.0643 - acc: 0.9927 - val_loss:

oS 2l ehelail 48 sezme 3 1) 555 Jie dly Il

score = model.evaluate(X_test, y_test, verbose=1)

print("Test Score:", score[0])
print("Test Accuracy:", score[11])
998/998 [ ] - 6s 6ms/step - loss: 0.0529 - acc: 0.9938

Test Score: 0.05285229906439781
Test Accuracy: 0.9937959909439087

(olg o ol Jlo Hlas &S ol @Bl s (030 48 gazes 3 deoys 44 CBs w Lo Je
Lo Joke LT ives B o280n e 5 el 5 o) g0l (slaas gomes 510 1y 2 5 05 ol
g bl ol Sl e 4 e

import matplotlib.pyplot as plt

plt.plot(history.history['acc'])
plt.plot(history.history['val_acc'])
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plt.title('model accuracy')
plt.ylabel('accuracy')

plt.xlabel('epoch"')

plt.legend(['train', 'test'], loc='upper left')
plt.show()

model accuracy

08951 — tain

st ———
0990
0985

® 0980

0975

0970

plt.plot(history.history['loss'])
plt.plot(history.history['val_loss'])

plt.title('model loss')

plt.ylabel('loss"')

plt.xlabel('epoch')

plt.legend(['train', 'test'], loc='upper left')
plt.show()

model loss

0o 05 10 15 20 25 20 35 40
epoch
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Ly T L 68 ol S0l (S005 (olocrl (sladilons L seh 5 ¥ s (slaslnl 2l L
Ladiluy ol 0,8 o g5 ua;\;;\wﬁpﬁ?@;@ﬁwﬂw.w\m};w
e 335 5T s (51 Lol 5o 45 sl Ln oy 508 pamn o 51 (SO omen SLrodls .l o
08U S Il 55 olama sladilury 3,8 513 oslinul 5) 50 Cakises Sle gd 50 53 rgn
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5> Lol ey el s B 55 olaesls o i gd o aesls 1 s e A5

oy o835 5 S 3 dims (632085 g Sl (oLt Sl 3 01 0l )|
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s GLS 3 3l edos ui)')ﬁ

2Li3b Gladis oS ol 0l S s Lo 5 (glo3 S ) b -l ladle b
3101 g e 2L Slulas! guaib b b e gbaallus 55 Geas 5,500 5 e
SASL gladite YL Sl LIS s & Slalas! o 55 Goos (6,530 slas s,
Cowd (G 3 5o 5 35 4 Ll 5o &S ol L8555 &) st d S5 (62500 3 et
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SBuLSL |3 1 aS ol ol osls a6 gazea ol e ;’:“fg;‘ eslazul IMDB 63l 46 sazes
ol ol o Keras (slrosls as gazes
oSt SOl )y IS Ga b 31 1) 6313 s sazea

from keras.datasets import imdb

top_words = 5000
(X_train, y_train), (X_test, y_test) = imdb.load_data(num_words=top_words)

jdf:)'yﬁ‘l@w}bybebb&w u.\ﬁ.’:;ﬁ}ﬁ%lf@"' 6;,:-<JLJLJOL")VAYL’J§
oMLy 6313 42 saze 4 A B by Sl S o S 2ol

X_train
array([list([1, 14, 22, 16, 43, 530, 973, 1622, 1385, 65, 458, 4468, 66, 3941, 4, 173, 36, 256, 5,
25, 100, 43, 838, 112, 50, 670, 22665, 9, 35, 480, 284, 5, 150, 4, 172, 112, 167, 21631, 336, 385,
39, 4, 172, 4536, 1111, 17, 546, 38, 13, 447, 4, 192, 50, 16, 6, 147, 2025, 19, 14, 22, 4, 1920,
4613, 469, 4, 22, 71, 87, 12, 16, 43, 530, 38, 76, 15, 13, 1247, 4, 22, 17, 515, 17, 12, 16, 626,
18, 19193, 5, 62, 386, 12, 8, 316, 8, 106, 5, 4, 2223, 5244, 16, 480, 66, 3785, 33, 4, 130, 12,
16, 38, 619, 5, 25, 124, 51, 36, 135, 48, 25, 1415, 33, 6, 22, 12, 215, 28, 77, 52, 5, 14, 407,
16, 82, 10311, 8, 4, 107, 117, 5952, 15, 256, 4, 31050, 7, 3766, 5, 723, 36, 71, 43, 530, 476, 26,
400, 317, 46, 7, 4, 12118, 1029, 13, 104, 88, 4, 381, 15, 297, 98, 32, 2071, 56, 26, 141, 6, 194,
7486, 18, 4, 226, 22, 21, 134, 476, 26, 480, 5, 144, 30, 5535, 18, 51, 36, 28, 224, 92, 25, 104,
4, 226, 65, 16, 38, 1334, 88, 12, 16, 283, 5, 16, 4472, 113, 103, 32, 15, 16, 5345, 19, 178, 321)
list([1, 194, 1153, 194, 8255, 78, 228, 5, 6, 1463, 4369, 5012, 134, 26, 4, 715, 8, 118,

list([1, 1446, 7079, 69, 72, 3305, 13, 610, 930, 8, 12, 582, 23, 5, 16, 484, 685, 54, 349,
11, 4120, 2959, 45, 58, 1466, 13, 197, 12, 16, 43, 23, 21469, 5, 62, 30, 145, 402, 11, 4131, 51,
575, 32, 61, 369, 71, 66, 770, 12, 1054, 75, 100, 2198, 8, 4, 105, 37, 69, 147, 712, 75, 3543, 44,
257, 390, 5, 69, 263, 514, 105, 50, 286, 1814, 23, 4, 123, 13, 161, 40, 5, 421, 4, 116, 16, 897,
13, 40691, 40, 319, 5872, 112, 6700, 11, 4803, 121, 25, 70, 3468, 4, 719, 3798, 13, 18, 31, 62,
40, 8, 7200, 4, 29455, 7, 14, 123, 5, 942, 25, 8, 721, 12, 145, 5, 202, 12, 160, 580, 202, 12, 6,
52, 58, 11418, 92, 4e1, 728, 12, 39, 14, 251, 8, 15, 251, 5, 21213, 12, 38, 84, 80, 124, 12, 9,

list([1, 17, 6, 194, 337, 7, 4, 204, 22, 45, 254, 8, 106, 14, 123, 4, 12815, 270, 14437, 5,
16923, 12255, 732, 2098, 101, 405, 39, 14, 1034, 4, 1310, 9, 115, 50, 305, 12, 47, 4, 168, 5, 235,
7, 38, 111, 699, 102, 7, 4, 4039, 9245, 9, 24, 6, 78, 1099, 17, 2345, 16553, 21, 27, 9685, 6139,
5, 29043, 1603, 92, 1183, 4, 1310, 7, 4, 204, 42, 97, 90, 35, 221, 109, 29, 127, 27, 118, 8, 97,
12, 157, 21, 6789, 85010, 9, 6, 66, 78, 1099, 4, 631, 1191, 5, 2642, 272, 191, 1070, 6, 7585, 8,
2197, 70907, 10755, 544, 5, 383, 1271, 848, 1468, 12183, 497, 16876, 8, 1597, 8778, 19280, 21, 60,
27, 239, 9, 43, 8368, 209, 405, 10, 10, 12, 764, 40, 4, 248, 20, 12, 16, 5, 174, 1791, 72, 7, 51,
6, 1739, 22, 4, 204, 131, 911,

dtype=object)

@ LS (gaen L Lilodd 515 0 3 Laesls a5 Uy 08 0 4z 5me AS o YL slaesls 4 S
sl u;uﬁ 2t 5 0 SlelS 0aas0 LS e shel 5 Lok G oo sl
33,8 adS ey 003,58 aadS algz edns OLES ¥ (Jls Ol s @ kizs Lol
Vel alS G gl Y e sde papd KL (6l ) e sde ol 0 8
p350 A 5 i A LU & 0B 5 dal o ST 0l 5,5, padding s

PSS S 5y K (pl A3 B e il g e

word_index = imdb.get_word_index() # get {word : index}

index_word = {v : k for k,v in word_index.items()} # get {index : word}
index =1

print(" ".join([index_word[idx] for idx in x_train[index1]))
print("positve" if y_train[index]==1 else "negetive")

the thought solid thought senator do making to is spot nomination assumed while he of
jack in where picked as getting on was did hands fact characters to always life
thrillers not as me can't in at are br of sure your way of little it strongly random
to view of love it so principles of guy it used producer of where it of here icon film
of outside to don't all unique some like of direction it if out her imagination below
keep of queen he diverse to makes this stretch stefan of solid it thought begins br



9L U anc o 6o aSaid il b gl Joul J sganc 6,550

senator machinations budget worthwhile though ok brokedown awaiting for ever better
were lugia diverse for budget look kicked any to of making it out bosworth's follows
for effects show to show cast this family us scenes more it severe making senator to
levant's finds tv tend to of emerged these thing wants but fuher an beckinsale cult as
it is video do you david see scenery it in few those are of ship for with of wild to
one is very work dark they don't do dvd with those them

negetive

4SO r ) A ol e id sline ey skl 1 (i o )

St a1y Lol 1l g b oot andls 0Las Job b e (sladhped b e o> (2 Ul
oS LA o b 1) Lol cxesl 4alS 00 v 51 5ol S ey S1 0S5l 355 s
1das rLaJ\Latgtﬁ g?‘”[ﬁ‘)<)E:Lﬁ‘J5bpg5°“§‘l‘°;¢
word_index = imdb.get_word_index() # get {word : index}
index_word = {v : k for k,v in word_index.items()} # get {index : word}
index =1
print(" ".join([index_word[idx] for idx in x_train[index11))
print("positve" if y_train[index]==1 else "negetive")
45’V,;57o.haL:La B rwésrktJLidS\‘jébLuﬁs S o y Wresls 3l dsad SO Ll e SHs ¢l
R P rbﬁi‘L§)tqur‘Yb NLY

X_train[125]

array([ 0, 0, 0, 0, 0, 0, 0, 0, 0,
0, 0, 0, 0, 0, 0, 0, 0, 0,

0, 0, 0, 0, 0, 0, 0, 0, 0,

0, 0, 0, 0, 0, 0, 0, 0, 0,

0, 0, 0, 0, 0, 0, 0, 0, 0,

9, 0, 0, 0, 0, 0, 0, 0, 9,

9, 0, 0, 9, 0, 0, 0, 1, 11,

6, 58, 54, 4, 14537, 5, 6495, 4, 2351,
1630, 71, 13202, 23, 26, 20094, 40865, 34, 35,
9454, 1680, 8, 6681, 692, 39, 94, 205, 6177,
712, 121, 4, 18147, 7037, 406, 2657, 5, 2189,
61778, 26, 23906, 11420, 6, 708, 44, 4, 1110,
656, 4667, 206, 15, 230, 13781, 15, 7, 4,
4847, 36, 26, 54759, 238, 306, 2316, 190, 48,
25 181 8, 67, 6, 22, 44, 15, 353,
1659, 84675, 3048, 4, 9818, 305, 88, 11493, 9,
31, 7, 4, 91, 12789, 53410, 3106, 126, 93,
40, 670, 8759, 41931, 6, 6951, 4, 167, 47,
623, 23, 6, 875, 29, 186, 340, 4447, 7,
5, 44141, 27, 5485, 23, 220, 175, 2122, 10,

10 27, 4847, 26, 6, 5261, 2631, 604, 7

9248, 40, 35, 1755, 362, 11, 4, 2370, 2222,
56, 7, 4, 23052, 2489, 39, 609, 82401, 48583,
6, 3440, 655, 707, 4198, 3801, 37, 4486, 33,
175, 2631, 114, 471, 17, 48, 36, 181, 8,
30, 1059, 4, 3408, 5963, 2396, 6, 117, 128,
21, 26, 131, 4218, 11, 20663, 3826, 14524, 10,
10, 12, 9, 614, 8, 97, 6, 1393, 22,
44, 995, 84, 21800, 5801, 21, 14, 9, 6,
4953, 22, 44, 995, 84, 93, 34, 84, 37,
104, 507, 11076, 37, 26, 662, 180, 8, 4,
5075, 11, 882, 7, 31, 8, 39022, 36011, 31537,

5, 48583, 19, 1240, 31800, 1806, 11521, 5,
28281, 4, 959, 62, 165, 30, 8, 2988, 4,
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2772, 1500, 7, 4, 22, 24, 2358, 12, 1o,
10, 22993, 238, 43, 28, 188, 245, 19, 27,
105, 5, 687, 48, 29, 562, 98, 615, 21,
27, 8500, 9, 38, 2797, 4, 548, 139, 62,
9343, 6, 14053, 707, 137, 4, 1205, 7, 4,
6556, 9, 53, 2797, 74, 4, 6556, 410, 5,
27, 5150, 8, 79, 271, 177, 8, 3126, 19,
33, 222, 49, 22895, 7, 14090, 406, 5424, 38,
4144, 15, 12, 9, 165, 2268, 8, 106, 318,
760, 215, 30, 93, 133, 7, 31537, 38, 55,
52, 11, 26149, 17310, 1080, 24192, 68007, 29, 9,
6248, 78, 133, 11, 6, 239, 15, 9, 38,
230, 120, 4, 350, 45, 145, 174, 10, 10,
22993, 47, 93, 49, 478, 108, 21, 25, 62,
115, 482, 12, 39, 14, 2342, 947, 6, 6950,
8, 27, 157, 62, 115, 181, 8, 67, 160,

7, 27, 108, 163, 14, 63, 62, 30, 6,

87, 902, 2152, 3572, 5, 6, 619, 437, 7,

6, 4616, 221, 819, 31, 323, 46, 7, 747,

5, 198, 112, 55, 35911, dtype=int32)
(el 225 4alSTO v Sl 508 Jsb 2,58l &) s & et e VL 5o &S philes
b adls 000 bl Jobay Sl b ol @3 8 13 o gl v (glias
& fors ol B 051 5 domey plad Lo glaosls (3315 0t DI () sl 55k &
5pr:;>}5'JJ” ol

from keras.models import Sequential

from keras.layers import Embedding

from keras.layers import LSTM, Dense
embedding_vector_length = 32

model = Sequential()

model . add(Embedding(top_words, embedding_vector_length,
input_length=max_review_length))

model.add(LSTM(100))

model.add(Dense(1, activation='sigmoid'))
model.compile(loss='binary_crossentropy',optimizer="'adam',
metrics=["'accuracy'])

print(model.summary())

Model: "sequential_2"

Layer (type) Output Shape Param #
embedding (Embedding) (None, 500, 32) 160000
1stm (LSTM) (None, 100) 53200
dense (Dense) (None, 1) 101

Total params: 213,301
Trainable params: 213,301
Non-trainable params: @

None

Slalr 31l (L3 s 53 5,518 552 ladS Slular (gl oly g3 dd Lo 5 iy 4S5 sbolen
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model.fit(X_train, y_train, validation_data=(X_test, y_test), epochs=5,
batch_size=32)

Epoch 1/5

782/782 [ ] - 82s 103ms/step - loss: 0.4681 - accuracy:
0.7815 - val_loss: 0.3702 - val_accuracy: 0.8430

Epoch 2/5

782/782 [ 1 - 79s 101ms/step - loss: 0.3340 - accuracy:
0.8618 - val_loss: 0.3984 - val_accuracy: 0.8299

Epoch 3/5

782/782 [ ] - 80s 102ms/step - loss: 0.2669 - accuracy:
0.8954 - val_loss: 0.3272 - val_accuracy: 0.8657

Epoch 4/5

782/782 [ ] - 80s 102ms/step - loss: 0.2259 - accuracy:
0.9117 - val_loss: 0.3122 - val_accuracy: 0.8713

Epoch 5/5

782/782 [ ] - 79s 101ms/step - loss: ©.1912 - accuracy:

0.9270 - val_loss: 0.3399 - val_accuracy: 0.8604
Pl Je DS L)) g ke 35 58l LS 31

scores = model.evaluate(X_test, y_test, verbose=0)
print("Accuracy: %.2f%%" % (scores[1]*100))

Accuracy: 86.04%

Cowd o) AP 390 233 4 Sl mljsjsu&&): Jde 353 o odalie &5 sbolen
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A 5 A8 ey L 5 1) 8 5 05 5o sed i 3l YU SLSTL Je S5
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GAN UL MNIST 2,22 29lal adgi

5 Keras 31 eslial b Wse ol i K golwesly @ (Bl S ) o
(S 2l L 5L 2550 STyl ol s tensorflow
from tensorflow.keras.datasets import mnist
from tensorflow.keras.layers import Input, Dense, Reshape, Flatten, Dropout
from tensorflow.keras.layers import BatchNormalization, Activation, ZeroPadding2D
from tensorflow.keras.layers import LeakyRelLU
from tensorflow.keras.layers import UpSampling2D, Conv2D
from tensorflow.keras.models import Sequential, Model
from tensorflow.keras.optimizers import Adam
from tensorflow.keras import initializers
import matplotlib.pyplot as plt
import sys
import numpy as np
import tqdm
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(X_train, _), (_, _) = mnist.load_data()
X_train = (X_train.astype(np.float32) - 127.5)/127.5
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X_train = X_train.reshape(60000, 784)
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randomDim = 10

generator = Sequential()
generator.add(Dense(256, input_dim=randomDim))
generator.add(LeakyRelLU(0.2))
generator.add(Dense(512))
generator.add(LeakyRelLU(0.2))
generator.add(Dense(1024))
generator.add(LeakyRelLU(0.2))
generator.add(Dense(784, activation='tanh'))

a5 gozme 31y pslad Siols &8 Al andls a5 i8S e sl S5l SO Ls caliiay5b o
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discriminator = Sequential()
discriminator.add(Dense(1024, input_dim=784,
kernel_initializer=initializers.RandomNormal(stddev=0.02)))
discriminator.add(LeakyReLU(0.2))
discriminator.add(Dropout(0.3))
discriminator.add(Dense(512))
discriminator.add(LeakyReLU(0.2))
discriminator.add(Dropout(0.3))
discriminator.add(Dense(256))
discriminator.add(LeakyReLU(0.2))
discriminator.add(Dropout(0.3))
discriminator.add(Dense(1, activation='sigmoid'))
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# Combined network

discriminator.trainable = False

ganInput = Input(shape=(randomDim,))

x = generator(ganInput)

ganOutput = discriminator(x)

gan = Model(inputs=ganInput, outputs=ganOQutput)
29N OG5 O e gn 2558l 68 1y Sl eyl o el ) 53 el 25 501 (51 oS
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discriminator.compile(loss='binary_crossentropy', optimizer=adam)
gan.compile(loss="'binary_crossentropy', optimizer=adam)
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dLosses = []
glosses = []
def train(epochs=1, batchSize=128):
batchCount = int(X_train.shape[@] / batchSize)
print ('Epochs:', epochs)
print ('Batch size:', batchSize)
print ('Batches per epoch:', batchCount)

for e in range(1, epochs+1):
print ('-'%15, 'Epoch %d' % e, '-'%15)
for _ in range(batchCount):
# Get a random set of input noise and images
noise = np.random.normal(@, 1, size=[batchSize, randomDim])
imageBatch = X_train[np.random.randint(@, X_train.shape[0],
size=batchSize)]

# Generate fake MNIST images

generatedImages = generator.predict(noise)

# print np.shape(imageBatch), np.shape(generatedImages)
X = np.concatenate([imageBatch, generatedImages])

# Labels for generated and real data
yDis = np.zeros(2*xbatchSize)

# One-sided label smoothing
yDis[:batchSize] = 0.9

# Train discriminator
discriminator.trainable = True
dloss = discriminator.train_on_batch(X, yDis)
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# Train generator
noise = np.random.normal(@, 1, size=[batchSize, randomDim])
yGen = np.ones(batchSize)

discriminator.trainable = False
gloss = gan.train_on_batch(noise, yGen)
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# Store loss of most recent batch from this epoch

dLosses.append(dloss)
glLosses.append(gloss)

if e==1o0or e % 20 == 0:
saveGeneratedImages(e)

3 Plotloss <SS Wb 53 «pusicaws pB)l edd WIS slad 5 L) e Sl
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# Plot the loss from each batch

def plotLoss(epoch):
plt.figure(figsize=(10, 8))
plt.plot(dLosses, label='Discriminitive loss')
plt.plot(gLosses, label='Generative loss')
plt.xlabel('Epoch')
plt.ylabel('Loss"')
plt.legend()
plt.savefig('images/gan_loss_epoch_%d.png' % epoch)

# Create a wall of generated MNIST images
def saveGeneratedImages(epoch, examples=100, dim=(10, 10), figsize=(10,
10)):
noise = np.random.normal(@, 1, size=[examples, randomDim])
generatedImages = generator.predict(noise)
generatedImages = generatedImages.reshape(examples, 28, 28)

plt.figure(figsize=figsize)
for i in range(generatedImages.shape[0]):
plt.subplot(dim[@], dim[1], i+1)
plt.imshow(generatedImages[i], interpolation='nearest',
cmap='gray_r')
plt.axis('off"')
plt.tight_layout()
plt.savefig('images/gan_generated_image_epoch_%d.png' % epoch)

bl s S 1 S plas il Sl

from tensorflow.keras.datasets import mnist

from tensorflow.keras.layers import Input, Dense, Reshape, Flatten,
Dropout

from tensorflow.keras.layers import BatchNormalization, Activation,
ZeroPadding2D

from tensorflow.keras.layers import LeakyRelLU

from tensorflow.keras.layers import UpSampling2D, Conv2D

from tensorflow.keras.models import Sequential, Model

from tensorflow.keras.optimizers import Adam

from tensorflow.keras import initializers

import matplotlib.pyplot as plt

import sys

import numpy as np

import tqdm

randomDim = 10

# Load MNIST data

(X_train, _), (_, _) = mnist.load_data()

X_train = (X_train.astype(np.float32) - 127.5)/127.5
X_train = X_train.reshape(60000, 784)

generator = Sequential()

generator.add(Dense(256, input_dim=randomDim)) #,
kernel_initializer=initializers.RandomNormal(stddev=0.02)))
generator.add(LeakyRelLU(@.2))

generator.add(Dense(512))

generator.add(LeakyRelLU(0.2))

generator.add(Dense(1024))

generator.add(LeakyRelLU(@.2))

generator.add(Dense(784, activation='tanh'))
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adam = Adam(learning_rate=0.0002, beta_1=0.5)

discriminator = Sequential()

discriminator.add(Dense(1024, input_dim=784,
kernel_initializer=initializers.RandomNormal(stddev=0.02)))
discriminator.add(LeakyRelLU(0.2))
discriminator.add(Dropout(@.3))
discriminator.add(Dense(512))
discriminator.add(LeakyRelLU(@.2))
discriminator.add(Dropout(0.3))
discriminator.add(Dense(256))
discriminator.add(LeakyRelLU(0.2))
discriminator.add(Dropout(@.3))

discriminator.add(Dense(1, activation='sigmoid'))
discriminator.compile(loss="'binary_crossentropy', optimizer=adam)

# Combined network

discriminator.trainable = False

ganInput = Input(shape=(randomDim,))

x = generator(ganInput)

ganOutput = discriminator(x)

gan = Model (inputs=ganInput, outputs=ganOutput)
gan.compile(loss='binary_crossentropy', optimizer=adam)

[]
L]

dLosses =
glLosses =
# Plot the loss from each batch
def plotLoss(epoch):
plt.figure(figsize=(10, 8))
plt.plot(dLosses, label='Discriminitive loss')
plt.plot(glLosses, label='Generative loss')
plt.xlabel('Epoch')
plt.ylabel('Loss")
plt.legend()
plt.savefig('images/gan_loss_epoch_%d.png' % epoch)

# Create a wall of generated MNIST images
def saveGeneratedImages(epoch, examples=100, dim=(10, 10),
figsize=(10, 10)):
noise = np.random.normal(@, 1, size=[examples, randomDim])
generatedImages = generator.predict(noise)
generatedImages = generatedImages.reshape(examples, 28, 28)

plt.figure(figsize=figsize)
for i in range(generatedImages.shape[0]):
plt.subplot(dim[@], dim[1], i+1)
plt.imshow(generatedImages[i], interpolation='nearest',
cmap='gray_r')
plt.axis('off"')
plt.tight_layout()
plt.savefig('images/gan_generated_image_epoch_%d.png' % epoch)

def train(epochs=1, batchSize=128):
batchCount = int(X_train.shape[@] / batchSize)
print ('Epochs:', epochs)
print ('Batch size:', batchSize)
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print ('Batches per epoch:', batchCount)

for e in range(1, epochs+1):
print ('-'x15, 'Epoch %d' % e, '-'%15)
for _ in range(batchCount):
# Get a random set of input noise and images
noise = np.random.normal(@, 1, size=[batchSize,
randomDim])
imageBatch = X_train[np.random.randint(0,
X_train.shape[@], size=batchSize)]

# Generate fake MNIST images

generatedImages = generator.predict(noise)

# print np.shape(imageBatch), np.shape(generatedImages)
X = np.concatenate([imageBatch, generatedImages])

# Labels for generated and real data
yDis = np.zeros(2*batchSize)

# One-sided label smoothing
yDis[:batchSize] = 0.9

# Train discriminator
discriminator.trainable = True
dloss = discriminator.train_on_batch(X, yDis)

# Train generator

noise = np.random.normal(@, 1, size=[batchSize,
randomDim])

yGen = np.ones(batchSize)

discriminator.trainable = False

gloss = gan.train_on_batch(noise, yGen)

# Store loss of most recent batch from this epoch
dLosses. append(dloss)
glosses. append(gloss)

if e==1o0or e % 20 == 0:
saveGeneratedImages(e)

# Plot losses from every epoch
plotLoss(e)

2r?AJL;Q);ib GAN (5l 55 0 055
train(200, 128)

Epochs: 200
Batch size: 128
Batches per epoch: 468
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