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1. o] A &+ (logistic classifier)

e Linear Regression&] 713
o Fd

y=hx)=wx+b [—c0 ~ 4 o0]

o
b

o
21 8+<=(mean square error)

o loss(X,Y) = ~3(; — ¥,)?

o
ok
>

e w',b* =argmin,, ,(loss(w,b)|X,Y))
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o

N
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o B
2 _ 1 _ Z@i-9)?
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1. o] A &+ (logistic classifier)

e Logistic Regression®] 713

y=92
3 X y
o 1Y 1 (hours)  (grade) 9 =hx) =g©®)
e Logistic Regression &+ 2 0 y Ti=wixtb?
3 0
°* y=h()=90),9(2) = —= [0~1] ol by . "
o 9, =Rh(x)=wx+b [—o0 ~ + oo] sigmoid function 0 .
o« EATS
e loss(X,Y) = %Z cross_entropy(V;,y;))
e w*, b* = argmin,, ,(loss(w,b)|X,Y)) x1 X2 y
. : h d
e Gradient Descent Algorithm ( Ogrs) (atten 4ance) (grgde)
=
¢ Oﬂ] ol . L . . 3 3 0
® y=h(x)=g@).y1=w'x+b
o ThA| 9 5 1
© o 10 5 1
® accuracy =ﬁ2(yl - yl) 11 1 0
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1. o] X & (cont.)

e Linear Regression

o y,=h(x)=wx+b
o =213 (mean square error)

e loss(X,Y) = %Z(Yi — 92

e Gradient Descent Algorithm(GDA)

e Logistic Regression
o ¢

V= he)=gB),9(2) == [0~1]
h(x) =wx+b [—oco~+ ]

® y =
o =213+ (binary cross entropy)

o loss(X,Y) = ——Z 21 (vlog (@) + (1 —y) log(1 — 9,))
o
o S
e Gradient Descent Algorithm

Deep Learning

loss(w) in Linear Regression
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loss..(w) in Logistic Regression
A

loss;se(W) in Logistic Regression

I

v

w* v
1 Global minimum point
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GDA : good

W*
1 Global minimum point
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2. %% (1) —Logistic classifier

e How to classify 3 classes with logistic classifier?

e Logistic regression

y=92)
e Model :
° 9 =hX=9g@).9(@) =—= [0~1] V

® 9 =hx =wx+b, [—00 ~ + oo] d

o loss(XY) = %Z cross_entropy(H;,(X;),Y;))

e How to classify X ?

X Y

x1 X2 y
(hours) (attendance) (grade)

10 5 A
9 5 A
3 2 B
2 4 B
11 1 C
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2. 555 (1)(cont.)

e Logistic regression

o §=h(=9g0).9() =—= [0~1] 5= 9

e 9§, =wx+b, [0 ~ + oo] 1
o loss(X,Y) =y X cross_entropy (9., 1))

ol
e How to classify X ?

N‘}

+ Dataset ¥t
* (XaYa),(Xp, Y5),(Xc, Y¢) X Y
o 39 AN BT A L st 3 2 oy
. hA(x) on (X5, 1) ,(Xg, 0),(Xc, 0) (hours) (attendance) (grade)
* hB(x) on (X,,0) (X5, 1),(Xc, 0) 10 ° A
* hC(x) on (X4,0) ,(Xp,0),(Xc, 1) 9 > A
] 3 2 B
- oS ) 4 B
* ¥y=hx)?
e if hA(x)=1,hE (x)=0,h¢ (x)=0 : x € A Ui 1 ¢
e if h4(x)=0,hB(x)=1,h¢(x)=0:x € B
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2. 555 (1)(cont.)

e How to predict(calculate Hypothesis function) ?

o y =h(X)?
o /=WX+B
e y =sig(¥)
hA(X) Wa1 Waz 1[%1 Wy1X1 + WaaX, +b| [2.0
5;[ = hB(X) = |Wp1 Wp2 X+ b = Wp1X1 +WB2 X2 + b|= 03]
he(X) Wc1 We2 11X3 Wc1X1 + WeaXxo + b 0.1
y4 h4(X) 1.0] A
y =198 =g |F°X)]||= [0-0 = X .
9¢ hE(X) 0ol ¥ cf.LinearSVC() in sklearn
1
9(2) = 1+e2
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3. 9587 (2) - Softmax classifier

o softmax &5 7] ¢} 3 2X|AEH EF7]|9 8]

o 3IZEF(EA2AE 3H)

Linear Regression

sigmoid function

X0
xl —p
X2

2.0
— 0.3 —
0.1

gy =

1

1+e7Vi

1.0 A
—»[0.0 )" ¢
0.0] &

e Softmax 3=+

-

Softmax function

Linear regression

X0
X1 —>
X2

2.0
—>10.3]
0.1

eYi

o(y;) = W

0.7
—|0.2| —| argmax
0.1
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scores
Vi

probabilities
Xjo(y)=1



o
SRR
o EAAH ARG O|NEF
o HolHA  X={x},Y ={y}
o Bl y =h(X)= 0, 0(2) = —= sigmoid
yi=wx+b
o &A%k (blnary crossentropy)
loss(w,b) = ——3iZ,(ylog (7)) + (1 — y) log(1 - 3;))
o SI& w, b* = argmin,, ,(loss(w, b)))
o = y=hx)=0@), ) =w'x+b"
o WHAF  accuracy =% = 9)

AP3|A 2
o HolHA  X={x},Y = {y;}
o 4 y=h(x)=wx+b

=
e =213+ (mean square error)

1 A N2
loss(w,b) = Ezlivzl(Yn -9
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o 3T w*, b* = argmin,, ,(loss(w, b)))
o 9= y=hx)=0@),y =wx+b"

3 71 2] 2= Iy-9)?
o WHF RP=1-90-7
Softmax 7522
e TdolEHA X=1{x},Y = {y;}

~ & Z]

° E’_‘fi_l y = h(x): O'(YI)' o‘(zj) — Zfiﬁ' softmax

j}l =wx+b
e =213k~ (categorical_crossentropy)

1 A~
loss(w,b) = — < X;y;log(¥:)
o 3B w”*, b* = argmin,, , (loss(w, b)))
o = y=h(x) =0, =w'x+ b’
e HJ7IAF  accuracy = %Z()’i =3




3. 357 (2) (cont.)

o sklearn 71 A = 32 ¢ -3

#Linear Regression Model
X =np.array([[1.1, 2.3], [2.0,3.6]]) ; Y =np.array([[10.25], [11.2]])
X_val =np.array([[1.3, 1.8]]); y_val=np.array([[10.2]])

model=Sequential()
model.add( Dense(1
activation="linear’
input_dim=2)
model.compile(
loss=‘mse’
optimizer=‘adam’)
y_hat=model.predict(np.array([[1.1, 1.7]]))#[[11.33]]# <] =

2 917 9] output dim
F3AR

H H
r

I+
1k
|y

#L ogistic regression(Binary classification) Model
X =np.array([[1, 2], [2,3]]); Y =np.array([[0],[1]])
X val =np.array([[1, 1]]); y_val=np.array([[0]])

model=Sequential()
model.add( Dense(1,
activation="‘sigmoid’,
input_dim=2)
model.compile( #3t
loss=‘binary_crossentropy’,
optimizer=‘adam’,
metrics=['accuracy'])
[ y_hat = model predict(X) #°] =, [[0.3] [0.4]]
Acc  =model.evaluate(X_val, y_val, verbose=0)[1] # & 7} &%+ 0.7

#5217 o] output dim
#E A AE AR

iy

#Multinomial(softmax) classification
X =np.array([[1, 2,1, 4], [2,1,3,5], [3,1,3,1]])
Y _ohe =np.array([[0, 0, 1], [0, 1, 0], [1, 0, 0]])

model=Sequential()

model.add(Dense(3, #5 97 o] output_dim
activation="‘softmax’, AT EWA BT d
input_dim=4)

model.compile( #3h5

loss=‘categorial_crossentropy’,
optimizer=‘adam’,
metrics=['accuracy'])

Y_hat = model.predict(np.array([[1,2,1,3]]) #°l=

#[[0.0188113 0.15894766 0.822241 ]

Acc  =model.evaluate(X_val, y_val, verbose=0)[1] #% 7} 4 &5 0.7




Examples

e Example 1, Simple softmax classifier

e Example 2, Fancy animal classification
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Example 1. Simple softmax classifier

e Simple softmax classifier

o Al=y
e Softmax i=++7] 24
o =4
o Softmax &/ 712 7 W= F53eh
o U<
e Simple dataset©. = O] A, &5 U A sFA A2
o Ax}
o dlolE A A
®
. g 7

[ ]
R S u I B n R
1L 1% % e
2> o, o 1o ox
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Example 1. Simple softmax classifier

1.1 o] g Al A4

- ) _ x1 X2 x3 x4 Y X1 X2 x3 x4 Y Y1 |Y ohe
e Y(label)d©] &= one_hot_encoding3ttt. 1 | 2 | 1 | 1 [ A 1 | 2 | 1 | 1 [ A o0 [100
2 1 3 2 A 2 1 3 2 A 0 [100
e nb class =3 3 1 3 4 A 3 1 3 4 A 0 [100
e 0=>100 4 1 5 5 B 4 1 5 5 B 1 010
1 7 5 5 B 1 7 5 5 B 1 010
1=>010 1 2 5 6 B 1 2 5 6 B 1 {010
2=>001 1 6 6 6 C 1 6 6 6 C 2 1001
1 7 7 7 C 1 7 7 7 C 2 (001
o
e HlojH X, Y9 1, 2, 1, 11 [0, 0, 1] e
e & ¢ ) 2, 1, 3, 2 0, 0, 1 A
© éLdJ/} i © 3,1, 3, 4 9, 9, 1 A W11, W12, W13 b
4, 1, 5, 5 0, 1, 0 Wo1, Wog, W b
X = Y=\ " _|B _ _ [W21, w2z, W3
1, 7, 5, 5 0, 1, © class B h(X) WX+B W31, Wan, W33 X +l22]
1) 2) 5) 6 e) 1) e B W4_1,W4_2,W43 3
1, 6, 6, 6 1, 0, © C
1, 7, 7, 71 1, o, ol ]

#1. Hlo|EH M M4 s5t7|

X =nparray([[1,2,1,1], [2,1,3,2], [3,1,3,4], [41,5,5], [1.7,5,5],[1,2,5,6], [1,6,6,6], [1,7,7,7]])
Y =np.array([[0, O, 1], [0,0, 1], [0, 0, 1], [O,1,0], [0,1,0], [0,1,0], [1,0,0], [1,0,0]D)

nb_classes=3

X, X_val,Y,Y _val=train_test_split(>X,Y, random_state=0) #(6,4) (2,4) (6,3) (2,3)

Deep Learning 15




Example 1. Simple softmax classifier(cont.)

1.2 9] A

Network model

> Yo
:
_>
% yl
19}
- #- L A
Woo |||l Wo1 J Wo2 |[l| Wo3
" i a— g > V2
Xo X1 X2 X3 Input nodes output units
HE=(1) HE=(2)

Softmax classifier

9 (Softmax function)
eYi

5} = h(.X') = g(j}l): g(yl) = Zkeyk
y,=wx+b

Loss function : catagorial_crossentropy
1 -
loss(X,Y) = —<2,;yjlog(¥:)

Gradient descent algorithm
d
Werr = We — a——loss(WIX, V) lw=w,

o RElO 4
nb_classes= X.shape[1]=4

#2. 59 FA 3]
model=Sequential(name='Softmax—
model.add(
Dense(units=3, #Z Y ~ 9
input_dim=4, #le 549 827
activation='softmax’)) #&7J 3} -~

ample_Classification’)

X = np.array( Y = np.array(
[[ P
[@, @, 1])
1, 2, 1, 1 0, 0, 1]
2, 1, 3, 2 0, 0, 1
3, 1, 3, 4 0, 0, 1
|4, 1, 5,5 e, 1, o
X=11, 7, 5, 5 Y=lo, 1, o
1, 2, 5, 6 0, 1, ©
1, 6, 6, 6 1, 0, ©
1, 7, 7, 7 1, o, ol

Deep Learning



Example 1. Simple softmax classifier(cont.)

Softmax classifier

12 (Softmax function)
eYi

y=hx) =900, 90 =55
y,=wx+b

gl -
-1-=2 9
Loss function : catagorial _crossentropy
1 ~
loss(X,Y) = — L% yjlog(¥:)

sk 1 (optimizer)
Gradient descent algorithm
Wi = We — aaiwloss(WlX, Y)|W=Wt
Stochastic Gradient Descent (sgd)
Gradient Descent Optimization Algorithms [link]

33 714 <= (Metrics)
Accuracy

#2. 529 7451
model=Sequential(name='Softmax_Sample_Classification’)
model.add(
Dense(units=3, #EH A0
input_dim=4, #8 549 4,918 37
activation='softmax’)) #2+/d 3} &=

#3. 2d sty 446
model.compile(

loss="categorical_crossentropy’, # 13 <l E & 3

optimizer= ' sgd’, #sk5 4R (2 A E7)

metrics=['accuracy’]) #3 7} A
model.summary() gE AT Qot =+

Deep Learning



http://shuuki4.github.io/deep%20learning/2016/05/20/Gradient-Descent-Algorithm-Overview.html
http://shuuki4.github.io/deep%20learning/2016/05/20/Gradient-Descent-Algorithm-Overview.html

Example 1. Simple softmax classifier(cont.)

o)
14 2] o

o = :

o dlo]E &] HiE8kE 3147 1 epochs=1000

o SF5EA KW =9 % verbose=0,1,2

o "3 dlo|H &5 vhx| 1 e S H7}slo
St5E A= E gRlst7] fste] B7PEHES
A sk

validation=[‘accuracy’]
1.5 2o F7}
e model.evaulate(X,Y)
Feskgapg ol A 2o H7P o= F 7t
A 3Z Hkgkshe
1.6 tlo]El o tf &t E el o=
e model.predict(X[0:1])
HolE & gl g ste] o] o F3 32 vkl

Ciassd

Deep Learning

#4. 5.9 st5 A1 717]

hist=model.fit(X,Y, # 5ol e 2%
epochs=200, # 5 HEE3l
verbose=1, B d e
validation_data=(X_val, Y _val)) #7158 to|E]Al

#5. St5 34 Ao R
print(\nfitted-history :')

print(\tacc_max:{:.2f}\tval_acc_max:{:.2f}\tloss_min:{:.6f}\tval_loss_min:{:.6f}".format(
max (hist.history['accuracy’]), max(hist.history['val_accuracy),

min(hist.history['loss']),max(hist.history['val _loss)))

#6. 54 H 73517

print(\nmodel.evaluate(X_val, Y_val): ")

loss and acc = model.evaluate(X_val, Y_val,verbose=0)
print(\tloss and_acc :', loss_and_acc)

#7. 29 AHE-517]

y_hat = model.predict(X[0:1])
print(\ny_hat=model.predict(X[0:1])")
print("\tX[0:1] : ",X[0:1])

print(\ty_hat: 'y hat)

print(\targamx(yhat) : ',np.argmax(y_hat,axis=1))

yhat = model.predict(’X[1:4])
print(\ny_hat=nmodel.predict(X[1:4])")
print(\tX[1:4] : ", X[1:4])

print(\ty_hat :y_hat)

print(\targamx(yhat) : ',np.argmax(y_hat,axis=1))

#37HH 018 &=

#o]

B\




Example 1. Simple softmax classifier(cont.)

AA 7=

from keras.models import Sequential

from keras.layers import Dense

from sklearn.model_selection import train_test_split
import numpy as np

#1. Hlo]E| A 843 517]

X =nparray([[1, 2,1, 1], [2,1,3,2], [3,1,3,4], [41,5,5], [1,7,5,5],[1, 2,5, 6],
[1,6,6,6], [1,7,7,7]])

Y =np.array([[O0, 0, 1], [0,0,1], [0,0,1], [0, 1,0], [0,1,0], [O,1,0], [1,0,0], [1,0,0]])

nb_classes=3

X, X _val,Y,Y_val=train_test_split(>{,Y,random_state=0)

#(6,4) (2,4) (6,3) (2,3)

#2. 529 14617

model=Sequential(name="Softmax_Sample_Classification’)

model.add(Dense(units=nb_classes, #=Hl A
input_dim=X.shape[1], #99 dlo]y Ale] =
activation='softmax)) #4743} ko

#3. 59 S5y 48]
model.compile(
loss= ' categorical_crossentropy’,

# Al S
optimizer= ' sgd’, #orLHH
metrics=[ ' accuracy’]) #3371 A
model.summary() #ndo 7 x £9

Deep Learning

#4. B4 35|77

hist=model.fit(X,Y, #3t 5t o H
epochs=200, #d o] ¥ o] RE&gh<5 31
verbose=1, =

#5. Sty v R

print(\nfitted-history :')

print(\tacc_max:{:.2f} \tval_acc_max:{:.2f}\tloss_min:{:.6f}\tval_loss_min
{:.67} . format(
max(hist.history['accuracy']),max(hist.history['val accuracy),
min(hist.history['loss']),max(hist.history['val_lossT)))

#6. 2 3 7}et7]

print(\nmodel.evaluate(X_val, Y_val): )

loss and_acc = model.evaluate(X_val, Y_val,verbose=0)
print(\tloss and_acc :', loss_and_acc)

#7. 2 AL2-517]

y_hat = model.predict(X[0:1])
print(\ny_hat=model.predict(X[0:1]))
print(\tX[0:1] : ", X[0:1])

print(\ty_hat: "y _hat)

print(\targamx(yhat) : ',np.argmax(y_hat,axis=1))

y_hat = model.predict(X[1:4])
print(\ny_hat=nmodel.predict(X[1:4])")
print(\tX[1:4] : ", X[1:4])

print(\ty_hat :"y_hat)

print(\targamx(yhat) : ',np.argmax(y_hat,axis=1))




Example 1. Simple softm

from keras.models import Sequential

from keras.layers import Dense

from sklearn.model_selection import train_test_split

import numpy as np

#1. Hlolg Al g6t

X =np.array([[1, 2,1, 1], [2, 1, 3,
Y =np.array([[0, 0, 1], [O,0, 1],
nb_classes=3

X, X _val,Y,Y_val=train_test_split(
#(6,4) (2,4) (6,3) (2,3)

#2. 59 774 817]

model=Sequential(name="Softmax

model.add(Dense(units=nb_classe
input_dim=>X_.shé
activation="softr

#3. 5 el sty A A6l
model.compile(
loss= ' categorical_cra
optimizer= "' sgd’,
metrics=[ ' accuracy’]
model.summary()

#4. 29 5 A)7]7]
hist=model.fit(X,Y,
epochs=200,
verbose=1,
validation_data=(X_va

#5. 515318 A7)
print("\nfitted-history :")
print(\tacc_max:{:.2f}\tval_acc_ma
{:.6f} .format(

max (hist.history['accuracy']),max(his
min(hist.history['loss']),max(hist.hist

#6. & H7}s}7)

print("\nmodel.evaluate(X val, Y _va
loss_and_acc = model.evaluate(X_va
print(\tloss and_acc :', loss_and_acc)

#7. BE A3}

y_hat = model.predict(>X[0:1])
print(\ny_hat=model.predict(X[0:1])
print(\tX[0:1] : ", X[0:1])
print(\ty_hat: 'y_hat)
print(\targamx(yhat) : ',;np.argmax(y_

yhat = model.predict(X[1:4])
print(\ny_hat=nmodel.predict(X[1:4]
print(\tX[1:4] : ", X[1:4])
print(\ty_hat :y_hat)

print(\targamx(yhat) : ',np.argmax(y._

d Model: "Softmax_Model_Example”

Layer (type) Output Shape Param #

Total params: 15
Trainable params: 15
Non-trainable params: 0

Train on 6 samples, validate on 2 samples

Epoch 1/500

6/6 [e=============================] - Os 41ms/step - loss: 2.4977 - accuracy: 0.3333 - val_loss: 3.4202 - val_accuracy: 0.5000
Epoch 2/500

6/6 [r=============================] - Os Tms/step - loss: 2.3945 - accuracy: 0.3333 - val_loss: 3.3331 - val_accuracy: 0.5000
Epoch 3/500

6/6 [s=============================] - (s 83Tus/step - loss: 2.3006 - accuracy: 0.3333 - val_loss: 3.2460 - val_accuracy: 0.5000

6/6 [s=============================] - (05 997us/step - loss: 0.5423 - accuracy: 0.6667 - val_loss: 1.4775 - val_accuracy: 0.0000e+00
Epoch 499/500

6/6 [=============================] - Os 14ms/step - loss: 0.5419 - accuracy: 0.6667 - val_loss: 1.4776 - val_accuracy: 0.0000e+00
Epoch 500/500

6/6 [e=============================] - 0s §3Tus/step - loss: 0.5415 - accuracy: 0.6667 - val_loss: 1.4776 - val_accuracy: 0.0000e+00
X.shape:(6, 4) X_val.Shape:(2, 4)

fitted-history :

acc_max:0.67, val_acc_max:0.50, loss_min:0.541481, val_loss_min:3.420193
model.evaluate(X_val, Y_val):

loss and_acc : [1.4776464700698853, 0.0]

y_hat=model.predict(X[0:1])

X[0:1] ¢ [[2132])

y_hat : [[0.1172336 0.28952873 (0.59323764]]
argamx{yhat) : [2]

y_hat=nmodel.predict(X[1:4])
X[(1:4] : 1777 4155 [1211]
y_hat : [[0.446096 0.51772845 0.0361755 ]
[0.02800328 0.8031788 (0.16881788]
[0.17695168 0.31350178 0.5095466 ]]
argamx(yhat) : [1 1 2]




Example 1. Simple softmax classifier(cont.)

o Softmax =2 o3 7 — & AE e o] %
e y=h(x)=h(1,2,1,1])7

Linear Regression Softmax function o

X 9, =WX+B Vi
] I:&;zx;zzti;z\ 9o " [0.01 §<<
T | W31, W32, W33 i o\yi) = SR 0.15 arg max 2
[[1,2,1,1]] . E/Zﬁ’b"z‘/’i;a"m D1 Z]'ey 0.82] C
7 Yio(yj)=1
SCores probabilities
y = h(X[0:1]) #7. 29 AL2E}17)
= h([[1, 2, 1, 1]1]) yhat = model.predict(X[0:1])
=argmax(model.predict([[1, 2, 1, 1]])) print("X[0:1] : ",X[0:1]) #[1, 2, 1, 1]
= argmax(softmax(W[[1, 2, 1, 1]]+B) print('yhat = h(X[:1]) = {}'.format(yhat)) #[0.01 0.15 0.82]
=argmax([0.0188113 0.15894766 0.822241]) print('yhatl = argamx(yhat) = {}'.format(np.argmax(yhat))) #2

=2

X[0:1] : = [[1211]]
yhat =H(X[0:1])  =[[0.0188113 0.15894766 0.822241 ]

yhatl =argamx(yhat,1) =2

Deep Learning



Example 1. Simple softmax classifier(cont.)

o mEo] o ZA T A BEAUZE) oS

[[2132]
y=hX)=h| 3134] | 7
[4155]]
X Linear Regression 9, =WX+B Softmax function P
[1 11 7 9] We Iﬁiiﬁiﬂiﬁ‘ V1119112 Va3 ) evi %‘%% (()).5138 8'316 ; g
1 343 l‘j/VSl':;sz'x% 5/\12151\122 5}123 o\yi) = 7 : ' ' arg max
1 lol B= [blr,bz:b;] 5/\1315}132 ylggJ Zl 0.00 0.51 0.48 1 B
9 Yio(y;) =1
Scores probabilities
y = h&X[:3D #7. 29 A3}
s yhat = model.predict(X[:3])
=argmax(model.predict| [3134] |) print('X[O:l] x X[Oil])
o [143125] ol print('yhat = h(X[:1]) = {}"format(yhat))
= argmax(softmax(W [313 4] +B)) print('yhatl = argamx(yhat) = {}".format(np.argmax(yhat)))
[4155]] ] -
= argmax([[1.0841307¢-03 5.3002125¢-01 4.6889463¢—01] | [IRASENE [[éi?:;i]]
[3.4792713e—05 1.8826017¢—01 [4155]]
8.1082493¢e-01] yhat = H(X[1:4]) = [[1.0841307e-035.3002125e-01 4.6889463¢-01]
[1.2-05 5.1698810e—01 4.8297709e—01]]) [3.4792713e-05 .1496942e-04 1.8826017e-01 8.1082493e-01]
= [1,2,1] [1.2-05 5.1698810e-01 4.8297709e-01]]

yhatl = argamx(yhat ,axis=1)=[1 2 1]

Deep Learning
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o A

I ~Z 3J =
o & & T/l

—

= 9] 1774 EA 2] d|o]E] Alof tfste] 7 = =52 IH 3+ softmax classifier

o
)
2L oft ofo offf i

O
o 4
1 HlolE Al A
e ©|o]E](data-04-z00.csv) & TF 2 =35}FaL
e DeeplearningZeroToAll

e data-04-z00.csv

Softmax =€ 2] A 2]
shSH A

a &~ D
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https://github.com/hunkim/DeepLearningZeroToAll/blob/master/data-04-zoo.csv
https://github.com/hunkim/DeepLearningZeroToAll
https://github.com/hunkim/DeepLearningZeroToAll/blob/master/data-04-zoo.csv

Example 2. Fancy animal classification

Birds

Insect

Fishes

Amphibians

Reptiles

Mammals

2.1 o]} A A3
e Data-04-z00.txt2] +4

https://archive.ics.uci.edu/ml/machine-learning-databases/zoo/zoo.data,,.....mm
. animal name: (deleted), ...
. hair Boolean"IIIIIIIIIIIIIIII

S 3 N Yigas
FRE R 3L

L ¥ BC

S

W, Wg

. feathers  Boolean",,,.......oum
.eggs  Boolean",,,....m

. milk  Boolean",,.......om

. airborne Boolean",,.....imm

. aquatic Boolean",,,....cmmm

. predator  Boolean",,......um

. toothed Boolean",,.....uimm
10. backbone  Boolean",,,......m
11. breathes  Boolean",,.....m
12. venomous  Boolean",,.....oum

OCo~NouhwNn =

Kayla
1 o o 1 0 0 0 1 1 1 [o] o 4 1 o 1 o]
o] 0 1 ] 0 1 1 1 1 0 ] 1 0 1 [¢] 0 3
1 o] o 1 0 0 1 1 1 1 (o] o 4 o o 1 o]
1 [4] 4] 1 0 o 1 1 1 1 ] 0 4 1 4] 1 0
1 [¢] o 1 o o 1] 1 1 1 o o] 4 1 [s] 1 o}
1 0 0 1 0 0 0 1 1 1 o] o 4 1 1 1 0
o] 0 1 o] 0 1 0 1 1 0 o] 1 0 1 1 0 3
0] o] 1 ] [o] 1 1 1 1 o] o 1 o] 1 o] [} 3
1 0 o 1 0 0 0 1 1 1 [e] 0 4 o 1 0 0
1 o] o 1 0 0 1 1 1 1 (o] o 4 1 o 1 o]
4] 1 1 [+] 1 0 0 o 1 1 ] 0 2 1 1 0 1
o] [¢] 1 o o 1 1 1 1 o] o] 1 o] 1 s} 0 3
0 0 1 [¢] 0 0 1 [) 0 0 o] o o] o o 0 6
o] o] 1 o] 0 1 1 o 0 0 o] 0 4 o o] 4] 6
0] o] 1 o] [o] 1 1 o] o] o] o o] 6 o] o] [} 6
o] 1 1 4] 1 o 1 o 1 1 [+] 0 2 1 4] o 1
1 o] o 1 0 o o 1 1 1 o] o 4 1 o 1 o]

13- fins BOO|ean"IIIIIIIIIIIIIIII
14.legs  Numeric (set of values: {0",2,4,5,6,8}),.,1111111

X

15- tail B00|ean"IIIIIIIIIIIIIIII

16- domeStiC B00|ean"IIIIIIIIIIIIIIII
17. catsize Boolean",,....uim X=XY[,:-1] } #(101,16)
18.type  Numeric (integer values in range [0",6]),..mf Y=XY[:,[-1]].astype(int) #(101,1)
1,0,0,1,0,0,1,1,1,1,0,04,0,0,1,0

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

XY=np.loadtxt('data/data-04-zoo-1.csv',delimiter=",", dtype="float’) #(101,17)

1,0,0,1,0,0,0,1,1,1,0,04,1,0,1,0
0,0,1,001,1,1,1,0,0,1,0,1,0,0,3
1,0,0,1,0,0,1,1,1,1,0,04,0,0,1,0
1,0,0,1,0,0,1,1,1,1,004,1,0,1,0

Deep Learning
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Example 2. Fancy animal classification

o HlolE] A A%

Y Y _ohe

= OO0 0000 RROOR R R RB O B
oORr O O0OO0OO0OROO0OCOOOOOO©DOD O
O R RBRP R RPRPR OO R FEOO0 OO RO
i =R =R === Rl Rl - - R i = T

oL O o0 ook OO0 o oo ooocooo
(=R =T R = = = R = R = = = e R
O R RER PP RPOROR,OOCORPR RO
P OO0 OCOoOR,ORRPERRRPERE,RRREPE
[ = = T = T e e e e e e e e T T T

=R DD DO R R R DO R R RO

o 0O 000 oOC o000 o0o0ooooo
o 0 Q00 oLk, o000 E R, Oo0oOo0oOoCoOR o

BN O BREODDONBBEBOOSESEEBRO S

w o
—

SO0, RO

COOCO,PO000000O0000
COOCO0O0O0O0O0O0O0O0O0O000
COCO0OrPO0O0O0 220000 20O
COOO0O0O0O0O0O0O0O0O000o
COOO0O0O0O0O0O0O0O0O000o

=R = R = T R - I R T i e R
o 0000 oOROROoORROoO0Oooo
=IO C 0000 KR OC OO R R = O =

O = O OO W = OO Wwo o

SRR O0000000000 00

#1.HOlH M Y357

XY=np.loadtxt('data/data-04-zoo-1.csv',delimiter=',",dtype="float’) #(101,17) CI2Z2E

X=XY[:,:-1]
Y=XY[:,[-1]].astype(int)

nb_classes = np.unique(Y).size
Y _ohe=np_utils.to_categorical(Y,nb_classes)
#Y_ohe=np.eye(nb_classes)[Y .flatten()]

#(101,16) 162 7tX| £210| 4 35t0{ X MM
#(101,1) 17<€ Zlabel YE MM

#7 Sei Ao 5 ALt
#(101,7) label y= one_hot_encoding®tCl.
#(101,7)

X, X_val,Y,Y_val=train_test_split(X,Y_ohe,random_state=0) #(75,16) (26,16) (75,7) (26,7)

Deep Learning

Y=[[0],(3],[0]....]

from keras.models import Sequential

from keras.layers import Dense

from sklearn.model_selection import train_test_split
from keras.utils import np_utils

import numpy as np

Y_ohe=one_hot_encoding(Y)
=[[1,0,0,0,0,0,0],

[0,0,0,1,0,0,0]
[1,0,0,0,0,0,0]
]

25




Example 2. Fancy anit

1;1]0]]—;1}] }\g/\é
T
' Ho]']ﬁ

1=]

=
a. =
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Model: "Softmax_Fancy_Animal_Classification"

Output Shape Param #

Layer (type)

dense_1 (Dense) (None, 7) 119

Total params: 119
Trainable params: 119
Non-trainable params: 0

Train on 75 samples, validate on 26 samples
Epoch 1/200

75/75 [ ]1- 0s 4ms/step - loss: 1.8031 - accuracy: 0.4267 - val_loss: 1.7999 - val_accuracy: 0.4231
Epoch 2/200

75/75 [ ]1- 0s 2ms/step - loss: 1.7656 - accuracy: 0.4000 - val_loss: 1.7715 - val_accuracy: 0.4231
Epoch 3/200

75/75 [ ] - 0s 292us/step - loss: 1.7372 - accuracy: 0.4000 - val_loss: 1.7407 - val_accuracy: 0.4231

Epoch 199/200

75175 [ ] - 0s 3ms/step - loss: 0.6282 - accuracy: 0.8667 - val_loss: 0.6113 - val_accuracy: 0.8846
Epoch 200/200
75175 [ ]- 0s 1ms/step - loss: 0.6268 - accuracy: 0.8667 - val_loss: 0.6098 - val_accuracy: 0.8846

fitted-history :

acc_max:0.87, val _acc_max:0.88, loss_min:0.626761, val loss _min:1.799907
model.evaluate(X_val, Y_val):

loss and_acc : [0.6097744703292847, 0.8846153616905212]

y_hat=model.predict(X[0:1])
X[0:1] : [[1.0.0.1.0.0.0.1.1.1.0.0.4.1. 1. 1]]
y_hat : [[0.9215614 0.02619649 0.0063446 0.00196954 0.00482013 0.02501752 0.01409036]]
argamx(yhat) : [0]

y_hat=nmodel.predict(X[1:4])
X[1:4] : [[0.1.1.0.1.0.0.0.12.1.0.0.2.1.0. 0]

[0.0.1.0.0.1.0.1.1.0.0.1.0. 1. 0. 0.]
[0.0.0.0.0.1.1.1.1.0.1.0.0. 1. 0. 0.]]
y_hat : [[0.9215614 0.02619649 0.0063446 0.00196954 0.00482013 0.02501752 0.01409036]]

argamx(yhat) : [0]
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