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Recall

1.

Recall that

® L : number of layers in the neural network

* d¥: number of neurons in the Ith layer (1 =0,...

z z 1]
alll — (ag]?...,,a([ﬂ]l])T c RAMx1



Recall

1. If we have only one training example (x,y), forward propagation is
21— plll L willy

all! = o (21

212 — pl2l L w2l g 1]

al? = g (212

2. Cost tunction

ol =3 e = — {yloga[z] + (1 —y) log (1 —a[z])}



Forward propagation

1. Suppose we have n training examples {(x;,y;) :i=1,...,n}
2. Denote X = (x1,...,x,)" € R"*¢
3. Forward propagation (using vectorization)
zW — (pINT 1 x (WINT ¢ grxd”
Al = 5(Zy e Rrx4”
z12 = pl2l 1 AW ENT ¢ R7Xxd"
AP = 5(ZzP) ¢ R7*4”

]

]

Broadcasting in python is implicitly used for A and A?!



Forward propagation

1. For the example, we have dl% = 3. dY =4 4% =1
2. Thus,
Z[l] _ (b[l])T - X(W[l])T = Rnxﬁl
At = O'(Zm) e RP*A
712l = pl2 AW PHT ¢ grxd
A2l — J(Z[Q]) c R



Forward propagation

1. Cost function

J =-n"1 Z {y3 log a?] + (1 — y;) log (1 — a?])}

1=1

* a?] : “activated” value based on feature x;



Backpropagation

1.
Denote d- = %—j

2. Recall: For only one training example(x,y), we have
dbi? = ol — g, AW = (¢ — ) (a!HT
db!t! = (a? — ) D(WENT  awlll = (o2 — ) D(W T T

D = diag({&;—”(l — a[.l]) s g =] d[l]})

J

3. Note that
dz1? = al? — gy, dzlt = (6[2} _ y)D(W[Q})T - dz[Q}D(WP])T



Backpropagation

1. Furthermore, notice that
D(W[Q])T _ (W[Q])T 5 OJ(Z[”)

o () = (i (1 = o), ... afn (1 — agy))”

d[1]

® o: Hadamard production

2. We have
dz!8 = a2l — gy dpl? =422, AW = 421 (g!hT

dzY = AP D(wiEhT  dblt = dz!t, dwll = dzllg™



Backpropagation
1. For general case, if we have n examples, the cose function is

L 0T (y;, a;)
do = n! Z !
L

2. Thus, to obtain d@, we only need to take average of derivatives for each example

3. We use broadcasting

L.

K
Z akbk — ab
k=1

a=(a,...,ax) and b= (by,...,bg)"

® a; can be a scalar or a column vector

® b, can be a scalar or a row vector



Backpropagation

1. Then, we have
Az = n=1AP —y) db? = (dz"HT1 dwld = (dzPHT AN
dzM = dzBPwl o o' (Z1Y) bt = (dZzM)T1 dwlll = (dzITX

®* 0'(2) : derivative of o(z)

° o' (Z [1]) . we calculate derivatives for each element in Z!!]



(Batch) gradient descent algorithm

Step | . Randomly initialize 8%

Step 2. Based on 89 obtain

vJ (9“)) - g‘g (6®)

S‘[ep 3 Update parameter
0U+D) = 6 — av.7 (6)

Step 4. Go back to Step 2 until convergence



