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Introduction

1. Binary classification models
* ye{0,1}
® Model is built for P(y =1 | @)
2. In practice, we may have K classes: y € {0,1,..., K — 1}
® Consider one-hot representation
* y=(0,....1,....0)¢

® If y =k, only the (k+ 1)th element of y is 1



Model

1. For a feature a

® We consider a neural network with K outputs

® Each output is a score for the corresponding class

® The scores may not sum up to 1
2. That is, the only difference is the number of neurons in the last layer
® For binary classification problems, we only have one neuron for the output layer

® For general classification problems, we have d'"! = K neurons for the output layer



Model

1. Recall that

® L : number of layers in the neural network

* d": number of neurons in the Ith layer (l=0,...,L)

¢ = ( 1] 1] )T = Rd[”xl

] —
a ayy .-y Qo0

[1—1]

Wil = ('wgl]? . ,,’wg[]a )" € RE" xd

* ol =l )T e RETX
2. For binary classification problems, we have di¥ =1

3+ For general softmax regression problems, we have d'*! = K
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Model
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Forward propogation
L. Let A = X
2. Forl=1,...,L,
T T
AU (bm) 4 Alt-1] (Wm)

Al — S ( Z[”)

° cr[l](z) . activation function for the (th layer

® Broadcasting is used for activation functions

3. For the last layer,
W[L] = RKXdL_Ij b c RKXI



Forward propogation

1. The cost function for softmax regression is
K

P L
J(0)=—n 1>_,>_,yik:loga£k}
=1 ki

® 0 : model parameters

. Yi = (Yily- o Ui K)T . one-hot representation for the :th example

* a,gi‘] . estimated probablity for the kth class of the ith example

2. The dimension of the A" containing estimated probabilities in the last layer
* Al e R™! for binary classification problems

* AlFl e R™™ XK for softmax regression problems
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Backpropogation

1. A" can be obtained from the cost function
2. Assume dA!" is available (I=1L,..., 2)
47U — gAl o 5 (Zm)

dwll = (dZ[”)T dAl-1]

dblll = (dZ[”)T 1
dAall=1 — qzlliw

3+ It remains to obtain dAY for softmax regression



Backpropogation

1. The cost function 1is

IO L
J(0) =—n ' >_‘,>_,yik: logagk}
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2. Thus, the ikth component of dAF s
0T Yk
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‘%Ek] agk]

3. Done!



Example

Test image Model (FNN with 2 hidden layers) Estimated result
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dl0 = 784 dll = 198 dl? = 64 dBl =10



