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Multinomial(multiclass) classification

* Binary classification
e Instance”} 2 QI classes Fo A 3tUHE AEs= EF7F7]H
» Logistic classification (regression)

 model

* 1o = Hio(X) = o (H,(x)), H(x) =wx +b, 0(2) = =

,sigmoid
1 A
* loss(X,Y) = ce(H;o(X),Y) = =X ce(Vi10, Vi)

» Softmax classification
e Instance”} 20]4¢] Q1 classesEoA stUE AEHE= EFH7)H

Z:

* V5o = Hyo(x) = o(H,(x)), H (x) =wx + b, 0(z) = e’ SK o7k forj=1,.., K ,softmax
k

+ loss(X,Y) = ce(Hso(X),Y) = =3 cross_entmpy(yi,so,yi_ohe)



1. How to classify 2 classes with logistic classifier?

* How to classify 2 classes with logistic classifier?

e [Logistic regression

y=9@)
* Hyo(X) = g(HL (X)) 1
* H (X) =XW +b [—00 ~ + o] .

|
.« g(2) = —

[0 ~1]

1+e~%

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

X Y x2“
x1 X2 y
(hours) (attendance) (grade) 11
2 4 0 Y =Hpo(x,x3) = Q(HL(xpxz%)
w
3 > 0 0 Hy(,02) = G0,32) (i) + (b;)
9 5 1 0
10 5 1 0
X1
11 1 0 g




1. How to classify 2 classes with logistic classifier?(cont.)

* How to classify 3 classes with logistic classifier?
* Logistic regression 9 =9

* Hy,(X) = g(H, (X)) |
e H(X)=XW +b [—00 ~ + o]

1 0

1+e™2 [0 ~1]

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

« How to classify X ¢

" Let X=(10,5)
X Y HE (X)

X1 x2 y B B — a4
(hours) (attendance) (grade) X = Hflo (X) = ZA = 1.0

10 5 A A X=>HE(X)=YE=0.0

9 5 A C X=>H,(X)=>Yc =00

3 2 B

2 4 B = A

11 1 C HAX)



1. How to classify 2 classes with logistic classifier? (cont.)

 How to classify 3 classes with logistic classifier? y=9 4 HE (X0
 Logistic regression 1 B B
* Hio(X) = g(H, (X)) A
H,(X)=XW + b [—o0 ~ + o] - . ¢ A
1 X1
9@ =—= [0~1] HP (X)
* loss({X;}) = %cross_entropy(HLo X)), YD)
A
« How to classify X ? X o b | R (X)
« Dataset &% x1 x4 ¢ ¢
* (X, Ya).(X,YB).(X, Yc) 2 4 1 0 0 A
« 3709 ZHE S () A 9 3 3 1 0 0 A Lot X=(10 5
(), HE (), HEy () o s 0 1 o & et X=(10,5)
« 7} dataseto. 2 R AsE 7 5 0 1 0 B _
;N ) W1 jaleli]c X = Hip(X) > Y# =10
[ ) = B _B .
: = = = 0.
+ 42 Xol istel 3708l o5 gk A2 X'= Hyo(X) =¥ " =00
J’}Ainin X = HLO(X) = Y = 0-0

* loss(X,Y) =ce(¥,Y) & Azt A
= A



1. How to classify 2 classes with logistic classifier?

« How to classify 3 classes with logistic classifier? T/

« How to predict(calculate Hypothesis function) ? J 2
« WX + B = H,(X)
« sig(HX)) =Hp,, X) =V

Wa1 Waz 1 [*1 WarXy + Wapxy + b [HL(X) 2.0 H{ (X) § 1.01 A
Wp1 Wpa [[X2| + b = |wp1xy +Wpy x; + b|=|HE(X)| = [0.3| =>sig| |[HEXO)| | =|Y; | = (0.0 =B X
Wc1 We2 11X3 We1Xq1 + WeaXo + b HE(X) 0.1 HE(X) Yo 0.0 C X
Linear Regression sigmoid function
201 1.0 4
X1
[ ] —{ AL o3| — sig() oo| X
X2
0.1 0ol X LinearSVC() in sklearn
H,(X)
WX +b

[s the sigmoid nessary in multinoomial classification ?



2. How to classify 3 classes with softmax classifier?

« How to classify 3 classes with softmax classifier?

e How to predict on softmax prediction function ?

Linear regression Softmax function
J 2.0 0.7
X1 ¥;
H,(X) V= %"
L ] = wxsp [ 1.3 — o(y:) Y, e 02| —| argmax .0
2
0.1 01
scores probabilities
Vi So(y) =1

—

« How to predict on logistic (sigmoid) prediction function ?

Linear regression Sigmoid function

207 1.0 4
X1
| omw _ N X
[x ] WLX +b | 0.3 o(yi) = 1+e7Vi 0.0
2
0.1 0ol X
Hy(X)

WX+ b



3. Mathematical interpretation of three models

Linear Regression
Linear Hypothesis function
HX)=WX+b=Y

Softmax classification
Softmax Hypothesis function
H(X) = WX + b

Loss function : mean square error function(mse) Hs,(X) = softmax(H.(X)), s(h;) = Zeh"hk
1 _ B k€
IOSS(X, Y) = ;Zl(yl — yi)z 7 = HSO (X)
Gradient descent algorithm
W=Ww - a%loss(wm, Y) Loss function : catagorial_crossentropy

1 . .
loss(X,Y) = =YX, D(H(x®),y®
Logistic regression(Binary classification) oss(X, ¥) N 2i=1 ( ( ) )

Sigmoid Hypothesis function D(Y,Y) = —%;y;log(y;)
H(X) = WX +b
H, (X) = si - S Gradient descent algorithm
Lo(X) = sig(H,(x)),sig(x) = P
Y =H,,(X) W = W—a%loss(W|X,Y)

Loss function : binary_crossentropy function

loss(X,Y) = =~ Y1, (ylog(7) + (1 — y) log(1 — 7))
Gradient descent algorithm

]
W:=W — amloss(WlX, Y)




4. Three classification models in Keras

#Linear Regression Model

X =nparray([[1.1, 2.3], [2.0, 3.6]]) ;Y =np.array([[10.25], [11.2]]) #Multinomial(softmax) classification
X_val=np.array([[1.3, 1.8]]); ; y_val=np.array([[10.2]]) X =np.array([[1, 2, 1, 4], [2, 1, 3, 5], [3, 1, 3, 1]])
Y _ohe =np.array([[0, O, 1], [0, 1, 0], [1, 0O, O]])

model=Sequential()
model.add(Dense(1 model=Sequential()

activation='linear’ model.add(Dense(3,

input_dim=2) activation=‘softmax’,
model.compile( input_dim=4)

loss="mse’ model.compile(

optimizer="adam’) loss=‘categorial_crossentropy?’,

optimizer=°‘adam’,

p=model.predict(np.array([[1.1, 1.7]]))#[[11.33]] metrics=['accuracy'])
#Logistic regression(Binary classification) Model ngat_m;éz?gsgﬁj r:g l(c)t((n\?;;lrray\%lférlsil]g_%[)[[(i.]o ;808%13 g 222 ][
X =nparray([[1, 2], [2, 3]]) ;Y =np.array([[0],[1]]) _ : ikt _ '
X_val=np.array([[1, 1]]); ; y_val=np.array([[0]])

model=Sequential()

model.add(Dense(1,
activation="sigmoid’,
input_dim=2

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

y_hat =model.predict(X) #[[0.3] [0.4]]

10
Acc =model.evaluate(X val, y val, verbose=0)[1] #0.7




Examples

» Example 1, Simple softmax classifier

« Example 2, Fancy animal classification

11



Example 1. Simple softmax classifier

 Simple softmax classifier
« Simple dataseto. =

2ds 7star

i Aee B L.

. Hlol e A A



Example 1. Simple softmax classifier

« A

e T} 22 datas ©| 83}l 3 class classifier & 2 s}

A tﬂ O] E:I /91 /lg }‘é x1 x2 x3 x4 Y x1 X2 X3 x4 Y Y1  Y_ohe
1 2 1 1 A 1 2 1 1 A 0 100
« Y(label) "l©]E]E one_hot_encodingd+t}, g 1 ; i /2 ; 1 ; i ﬁ 0 100
0 100
e nb_class =3 4 1 5 5 B 4 1 5 5 B 1 010
_ 1 7 5 5 B 1 7 5 5 B 1 010
0=>100 1 2 5 6 B 1 2 5 6 B 1 010
1=>010 D 0, 0, 1 T4y 6 6 6 C 1 6 6 6 C 2 001
2=>001 2’1’3’2 0, 0, 1 L 7 7 C 1 7 7 7 C 2 001
I a3:1:3j4 9, 0, 1 A
* 6§ éﬁ?ﬂﬂ 1 4, 1, 5, 5 Y= 9, 1, © B
X = 1’ 7’ 5’ 5 e, 1, 0 class= B W11, W12, W13
J J J 6 1 @
1, 2, 5, 6 > B _ |W21, W22, W23
1’ 6’ 6’ 6 1, 9, @ C W_ W31,W32,W33 Bz[b11b2lb3]
) ) )
1, 7, 7, 7| 1,0, @ ¢ Wa1, Waz, Wa3

#1. 0| Al A A5}

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

nb_classes=3

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

13



Example 1. Simple softmax classifier(cont.)

EEERIEEES |
Network model
. . . 1 —_>
Linear Regression 2.0 Softmax function 0.7 For A

10 Yi 0 2 %é

X Hy(X) o(v) = : For B s

: 0.1 For C A
scores probabilities >
Vi Zjo(yj)=1 | S R Input nodes output units

H.(X) =WX+b

Hg,(X) = softmax(H (X)) = ay( rray (
B e v R ¥ oot
[[6, 2, 1, 1], [ :

[2) 1) 3) 2]) [eJ e) 1])

X.shape[1]

#2. B A5 D D
ple_Classification’) ‘

model=Sequential(name="goftmax_Sa
model.add(Dense(units=3,input_dim=4,activation='softmax"))

14



Example 1. Simple softmax classifier(cont.)

=] <
c e S A

« Gradient Descent Optimization Algorithms [link]
* loss function

» Categorial cross entropy function

+ loss(X,Y) = =X D(H(X),Y)
=% D(¥,Y)=—Ylog(¥) = —~%;y;l0g(7)

* optimizer

C Wi=W—a——L(W)

» Stochastic Gradient Descent (sgd)
 Metrics : &5 34 o 4| vlf epochv}t} 229 stG5HEE Hrlol= WHOo =2

 Accuracy: 4%

iy
|

#2 29 F4517
model=Sequential(name="'Softmax_Sample_Classification’)
model.add(Dense(units=nb_classes,input_dim=>X.shape[1],activation="softmax"))

#3. ZE st 5|
model.compile(loss='categorical _crossentropy',optimizer='sgd’, metrics=['accuracy'])
model.summary()

15


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

Example 1. Simple softmax classifier(cont.)

.

st Al717]
Stsdloly A 1 X)Y
Holefe] Wk53ks 3l= © epochs=1000
S5 R =9 % verbose = 0,1,2
nj 3] "oy st5s vhx| ol RS 3 7}eko
S5E A=E gdstr] Hste] H7PpEH S
A A gkt

validation=[ ‘accuracy’ |

. 2% 7ka)

« model.evaulate (X,Y)

mas s Aol A4 e B o
Ashg Wk,

o

7}

. REALEE
« model.evaulate (X[0:1])

HolHE fste] 2do] o 53 kg wheh

ghet,

A=y e P

hist=model.fit(X,Y,epochs=200,verbose=1,validation_data=(X_val, Y_val))#,batch _size=len(X))

#5. St5nty A 27|
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. 22 HItst7|

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. 2H ALE S

y_hat = model.predict(><[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))

16




Example 1. Simple softmax classifier(cont.)

from keras.models import Sequential

from keras.layers import Dense

from sklearn.model_selection import train_test_split
import numpy as np

#1. O O|E{ A Md5t7|

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([[O, O, 1], [0, 0, 1], [0,0, 1], [O,1,0], [0,1,0], [0,1,0], [O,0,1], [0,0,1]])
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. 2H M5
model=Sequential(name="Softmax_Sample_Classification’)
model.add(Dense(units=nb_classes,input_dim=>X.shape[1],activation="softmax"))

model.compile(loss="categorical_crossentropy',optimizer="sgd’, metrics=['accuracy'])
model.summary()

#4. 2H St5A7]7]
hist=model.fit(>X,Y,epochs=200,verbose=1,validation_data=(X_val, Y_val))#,batch_size=len(X))

#5 S5t MAEHEY

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 lossT)))

#6. LH HIISH|

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. 2H ALZSH|

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))




Model: "Softmax_Sample_Classification"

Layer (type) Output Shape Param #

Example 1. Simple softmax cla e T

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

from keras.models import Sequential
from keras.layers import Dense
from sklearn.model_selection import train_test_split

Train on 6 samples, validate on 2 samples
Epoch 1/200

import numpy as np 6/6 [ ] - 0s 65ms/step - loss: 10.4271 - accuracy: 0.0000e+00 - val_loss: 4.5422 - val_accuracy:
0.0000e+00

# 1. CO|E{All A M ST Epoch 2/200

X =nparray([[1, 2, 1,1], [2,1,3,2], [3,1,3,4], [41,5,5], [1, 8/8‘0[00 ” ] - 0s 8ms/step - loss: 9.6818 - accuracy: 0.0000e+00 - val_loss: 3.8110 - val_accuracy:

Y =np.array([[O, O, 1], [O,0, 1], [0,0, 1], [0, 1,0], [O,1,0], DOer
Epoch 3/200

nb_classes=3

X, X _val,Y,Y_val=train_test_split(>{,Y,random_state=0) Epoch 199/200

#(6,4) (2,4) (6,3) (2,3) 6/6 [ ] - 0s 1ms/step - loss: 0.5661 - accuracy: 0.6667 - val_loss: 1.4009 - val_accuracy: 0.5000
Epoch 200/200
6/6 [ ] - 0s 28ms/step - loss: 0.5656 - accuracy: 0.6667 - val_loss: 1.4003 - val_accuracy: 0.5000

#6. 22 HIIs5H|

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 ALESH |

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(’<[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))

fitted-history :

acc_max:0.67, val_acc_max:1.00, loss_min:0.565597,  val _loss_min:4.542212

model.evaluate(X _val, Y_val):
loss and_acc : [1.4003145694732666, 0.5]

y_hat=model.predict(X[0:1])
X[0:1] : [[2132]]
y_hat : [[0.01586246 0.46529737 0.5188402]]
argamx(yhat) : [2]

y_hat=nmodel.predict(X[1:4])
X[L:4] : [[1777]
[4155]
[1211]]
y_hat : [[1.0841307e-03 5.3002125e-01 4.6889463e-01]
[1.1496942e-04  1.8826017e-01 8.1082493e-01]
[1.2-05 5.1698810e-01 4.8297709e-01]]
argamx(yhat) : [12 1]



xénp.arrayf[[f; 1,1], [2,1,3,2], [3, 1,3, 4], [4,1,5,5], [, 7,5,5], [1 25 6], I GRS Cu RO Ea N
Y = np.array([[0, 0, 1], [0,0, 1], [0,0,1], [0,1,0], [0,1,0], [0,1,0], [0,0,1], [0

nb_classes=3 Layer (type) Output Shape Param #
X, X_val,Y,Y_val=train_test_split(X,Y,random_state=0)

dense_1 (Dense) (None, 3) 15

#2. 2 45| Total params: 15
model=Sequential(name="'Softmax_Sample_Classification’) Trainable params: 15
model.add(Dense(units=nb_classes,input_dim=x.shape[1],activation="softmax")) Non-trainable params: 0

#3. 2 St E ™S
model.compile(loss="categorical_crossentropy',optimizer='sgd’, metrics=['accuracy']) EREEUKERE ] EHRVEUTeE R PARE Y[

model.summary() Epoch 1/200
6/6 [ ] - 0s 65ms/step - loss: 10.4271 - accuracy: 0.0000e+00 - val_loss: 4.5422 - val_accuracy:

#4. DE SHEA|F|7] 0.0000e+00

. . _ _ A _ M Epoch 2/200
NSRBI el pT= AN E e R e ) EEEO R, VR it B 6/6 [ ] - Os 8ms/step - loss: 9.6818 - accuracy: 0.0000e+00 - val_loss: 3.8110 - val_accuracy:

N _ 0.0000e+00
#5. st Oy A E T Epoch 3/200

print(\nfitted-history :")
print(\tacc_max:{:.2f},\tval_acc_max:{:.2f} \tloss_min:{:.6f},\tval_loss_min:{:.6T}".for =S Eelelplily
max(hist.history['accuracy']),max(hist.history['val_accuracy1), 6/6 [ ]- 0s 1ms/step - loss: 0.5661 - accuracy: 0.6667 - val_loss: 1.4009 - val_accuracy: 0.5000

min(hist.history['lossT),max(hist.history['val_lossT))) Epoch 200/200
6/6 [ ] - 0s 28ms/step - loss: 0.5656 - accuracy: 0.6667 - val_loss: 1.4003 - val_accuracy: 0.5000

#6. 22 LII5H|

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)

fitted-history :
acc_max:0.67, val_acc_max:1.00, loss_min:0.565597,  val_loss_min:4.542212

model.evaluate(X_val, Y_val):
B loss and_acc : [1.4003145694732666, 0.5]
#7. 22 ALESH |
y_hat = model.predict(X[0:1]) y_hat=model.predict(X[0:1])
print(\ny_hat=model.predict(X[0:1])") X[0:1] : [[2132]]
print(\tX[0:1] :',X[0:1]) y_hat : [[0.01586246 0.46529737 0.5188402 ]]
print(\ty hat: 'y _hat) argamx(yhat) : [2]
rint(\targamx(yhat) : ',np.argmax(y_hat,axis=1
print(targ (vhat) PR - ) y_hat=nmodel.predict(X[1:4])

yhat = model.predict(X[1:4]) X[L:4] [ 777]

print(\ny_hat=nmodel.predict(X[L:4])) E‘ > i}]

pr!n:g&){[ﬁ:? 1:’X[;3‘t‘)]) y hat : [[L.0841307e-03  5.3002125e-01  4.6889463¢-01]
print(\ty_hat :'y_ha [1.1496942¢-04  1.8826017e-01  8.1082493¢-01]
print(\targamx(yhat) : ‘,np.argmax(y_hat,axis=1)) [1.2-05 5.1698810e-01 4.8297709e-01]]

argamx(yhat) : [12 1]



Example 1. Simple softmax classifier(cont.)

R L E TR
* Yoo = model.predict([1, 2, 1, 1])?

Linear Regression Softmax function

Hso(X) =Y,

W11, W12, W13
We lW21'sz:W23‘ Z’l B ehi [0.01
T |wzq, Wi, w i) = ———— 0.15
[1,2,1,1] Wan, Wi, Was 2 o(hy) T et arg max 2 | X
B=  [by, by by hs j 0.82]
C
h; Yio(yj)=1
scores probabilities

#7. 29 ALESHY|

yhat = model.predict(X[0:1]) #[[1, 2, 1, 1]]

print("X[0:1] : ",X[0:1])

print(yhat = H(X[:1]) = {}'.format(yhat))

print('yhatl = argamx(yhat) = {}'.format(np.argmax(yhat)))

YSO =HSO([1I 2/ 1/ 1])
=model.predict(X[:1])
=model.predict([1, 2, 1, 1])
= Sofatmax(Hso ([1, 2, 1, 11))
=Sofatmax(Hso ([[h; h, h3])
=[0.0188113 0.15894766 0.822241 |

Y = np.argmax(Ys, ,axis=1)=[2]

yhat =H(X[0:1]) =[[0.0188113 0.15894766 0.822241 1]
yhatl =argamx(yhat,1) =2

X[0:1]: [[1211]]




Example 1. Simple softmax classifier(cont.)

I R
« Y5, =model.predict(X[:3])="?

Linear Regression Softmax function
X Hy(X) Hgo (X)
11179 We Wy Was, W hi1hiz M3 ehi 0.00 0.53 0.46 1| C
[1 3 4 3] ﬁiiﬁjﬁ: ha1hzz ha3 o(hy) =Z,7 [0.00 0.18 0.81] arg max 2 g
1 101 8=(b0.b,. b.] hs1hs; hss 0.00 0.51 0.48 1
=101, D2, 03
scores probabilities
hi zio(yj) =1
Y = Hgo (X[13])_
:m%d?';)ﬁzzdi;?fé[flg’ . yhat = model.predict(X[1:4])
=maodel. = 1 . .1 .
(313 4] print("X[1:4] : ",X[1:4])
[4155]]) pr!nt('yhat = H(X[1:4]) = {}'format(yhat)) _
= [[1.0841307e-03 5.3002125¢-01 4.6889463e-01] print('yhatl = argamx(yhat) = {}'.format(np.argmax(yhat,axis=1)))
[3.4792713e-05 1.8826017e-01 8.1082493e-01] S 2139
[12-05 5.1698810e-01 4.8297709e-01]] X[L:4] [[[313 4]]
_ [4155]]
np.argmax(Y,axis=1)=[1,2,1] yhat = H(X[1:4]) = [[1.0841307e-03 5.3002125¢-01 4.6889463e-01]

[3.4792713e-05 .1496942e-04 1.8826017e-01 8.1082493e-01]
[1.2-05 5.1698810e-01 4.8297709e-01]]
yhatl = argamx(yhat ,axis=1)=[2 1 1]
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« A

« T=9 177HA B = A8t 5 WEHSEE softmax classifierE 24 817

e dlo]Y (data—04—zoo0.csv) & HYFE2 =35}l
- BS eta
c T HAYES ol s REl] R TS

« Dataset 2§ A
« olHA t=zE

* DeeplearningZeroToAll

» data—04—z00.csv
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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

Birds Insect | Fihes Amphibians | Reptiles Mammals

S

Example 2. Fancy animal classification

L N R

» Data-04-z00.txt2] 4]

W, Wg

https://archive.ics.uci.edu/ml/machine-learning-databases/zoo/zoo.data,, ...

S 3 N Yigas
FRE R 3L

13- fins BOOIear]"llllllllllllllll
14.legs  Numeric (set of values: {0",2,4,5,6,8})....111111

15. tail ~ Boolean",,,....mm e
16 domestic  Boolemmi™ XY=np.loadtxt('data/data-04-zoo-1.csv',delimiter=",,dtype="float’) #(101,17)

17. catsize Boolean",,.....omm X=XY[;:-1] #(101,16)
18. type  Numeric (integer values in range [0",61),. Y=XY[;,[-1]].astype(int) #(101,1)
1,0,0,1,0,0,1,1,1,1,0,0,4,0,0,1,0
1,0,0,1,0,0,0,1,1,1,0,04,1,0,1,0
0,0,1,0,0,1,1,1,1,0,0,1,0,1,0,0,3
1,0,0,1,0,0,1,1,1,1,0,0,4,0,0,1,0
1,0,0,1,0,0,1,1,1,1,0,04,1,0,1,0

S
h<

#
# 1. animal name: (deleted),,...mmmmm
# 2. hair  Boolean",,....m Kayla
# 3. feathers Boolean",,,.......ms
# 4. eggs Boolean",,,,....m
# 5. milk Boolean",,.....oimim o o : 5 o B B R . o o : 5 . o o :
# 6. airborne Boolean",,,....oomm H o o : o . : : : : o o H : o : o
. n 1 0 0 1 [+] 0 0 1 1 1 [ [*] 4 1 0 1 0
# 7.aquatic  Boolean”,..ummm D e e -
# 8 predator Boolean" 0 ) 1 ) ) 1 1 1 1 o o 1 [ 1 o o 3
# 9 toothed Boolean" H o o : ° ° B . : : o o . : o : o
. TIFTERRIRRIIINIT o] 1 1 o] 1 o] o] o] 1 1 [} o] 2 1 1 o] 1
# " o o H o o ° : o o o o > o o o o .
10 baCkbone B00|ea? I 0 0 1 0 0 1 1 0 0 0 o o 4 o 0 0 6
# 11. breathes Boolean",,,.......oom 0 o 1 0 0 1 1 0 0 0 0 0 s 0 0 0 6
" o 1 1 o 1 0 1 [ 1 1 ] o 2 1 o o 1
# 12. venomous Boolean",,,.......oims ' 0 0 1 0 0 0 ! ! ! 0 0 . : 0 t 0
#
#
#
#
#
#
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e tlo] ¥ Al AHA]

= O O O O O O KB = OO R B2 B O =
o = O O O O = OO0 o oo ooo oo
=R N = e = = = e = = R = R = R = R S
= O O O 0 O0ORr Pk o oORF P PP o
o - O O 0Ok, o oo oo ooooo
== el N =R =R = R R = e e e R ]
=R N e = = A = == e i =]
== == = e e
= R = T R e e e L e Lt L il i
R = R - T T T T T - T o T e e e L= N
o O o0 o0 o000 oo oo ooooo
o O O 00 =000 R KOO0 O0O OO
v oo bhOON L AEOO L SLDLLBEO S

= = OO O e D e e e e O e e

w o
—

SO0, RO

COOCO,PO000000O0000
COOCO0O0O0O0O0O0O0O0O0O000

o O 00 00RO R OoORRBRO0Oooo
= O OO0 OO0 = OO0 Q0O KRR O/ =

O = O OO W = OO Wwo o

from keras.models import Sequential
#1. 00| E{ A A A 57| from keras.layers import Dense

XY=np.loadtxt('data/data-04-zoo-1.csv',delimiter=",",dtype="float) #(101,17) Irom skklearn'.[To_d eI_siIectlo?_Ilmport eIl S BRI
X=XY[:,-1] #(101,16) rom keras.utils import np_utils

Y=XY[:,[-1]].astype(int) #(101,1) Import numpy as np

nb_classes = np.unique(Y).size ~ #7
Y _ohe=np_utils.to_categorical(Y,nb_classes) #(101,7)
#Y_ohe=np.eye(nb_classes)[Y .flatten()] #(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)

COCO0OrPO0O0O0 220000 20O

COOO0O0O0O0O0O0O0O0O000o

COOO0O0O0O0O0O0O0O0O000o

SRR O0000000000 00

Y Y _ohe

Y=[[0],[3].[0]....]
Y_ohe
=[[1,0,0,0,0,0,0],
[0,0,0,1,0,0,0]
[1,0,0,0,0,0,0]
]
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Example 2. Fancy anim

Hiol 8 A A

Model: "Softmax_Fancy_Animal_Classification"

Layer (type) Output Shape Param #

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

75175 [ ] - Os 4ms/step - loss: 1.8031 - accuracy: 0.4267 - val_loss: 1.7999 - val_accuracy: 0.4231
Epoch 2/200

75175 [ ] - Os 2ms/step - loss: 1.7656 - accuracy: 0.4000 - val_loss: 1.7715 - val_accuracy: 0.4231
Epoch 3/200

75175 [ ] - Os 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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