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Let {(x;,v;)}I"; be n training examples, and let o(z) = He%p(%)’ for logistic regression,

we would like to minimize the following L2 squared loss:
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where ¢); is the prediction for x;, computed by ¢; = o(z;) = o(WTx; +b). In order to solve

the minimization problem, we need to compute the gradient of £ w.r.t W
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The gradient of £ w.r.t

1 Cross-entropy loss function

If we take the cross entropy is loss function given as:

L=> —yilog(c(z)) — (1 - yi)log(l - o(z))
i=1

Compute gradient of £ w.r.t W:
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Using the property:
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Plugging in the above, we can obtain
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2 Two hidden layers

t = XW' + bt
zZ1 = O'(tl)
§=2aWw?+0?

L= Z —yilog(9;) — (1 — ;) log(1 — 9;)

where k is the number of class. Here let’s only consider at each iteration we use one example
to update weights W1, b', W2, b2. First compute gradient in terms of W?2,b?, it is not that
clear to directly compute gradient in terms of whole matrix W?2. So let’s first consider the

first column of W? ¢ R?12x10

2 2 2
wg’o /u)g’l e wg’g
w10 wip o Wig

W? = . .

2 2 2

Ws11,0 Ws11,1 " Ws11,9
y=1[w w1 - o
gi=[00 91 - G
z1 = [21,0 z11 21,511]

Let’s look the it" element ¢;, which is computed by
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Ui = o(z1,0 xwy,; + 21,1 * wi; + -+ 21511 % w511,i)

Denote dW? as gradient of £ in terms of W?2, so the i'h column of dW? is given as

(yi — i) * 21



where (y; — 9;) is the scalar and 27 € R%'2 so the entire dW? matrix will be

dW? = [(yo —go) * = (1 —g) = -~ (yo — o) * 2{]

As we seen dW? € R12%10_ Tt is easy to see that
db®> = [(yo — o) (1 —91) - (yo

2.1 Consider Mini Batch
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if we consider mini batch (batch size = 128), we change our notation a little bit:
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Thus, the gradient dW? is
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Y — Y € R128%10 from the above we could see that
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3 gradient of £ in terms of !

First, W' € R3072x512 e focus on the first column Wol, since the first column W only
has relation with the first neuron in the first hidden layer.

t1,0 = mW(} + bo, (10)

For simplicity we can drop by at this moment. In order to compute the gradient only in
terms of W, we check how this term connect to loss £

L ={-yolog(go) — (1 — yo) log(1 — Jo)} + {—y1log(d1) — (1 —y1)log(1 — §1)}
+ -+ {—yolog(fs) — (1 —yo)log(1 — 7o)}

Let’s check the 0'h term
Lo = —yilog(go) — (1 — yo)log(1 — go)
Compute gradient of Ly in terms of the first column W
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In the above equation, note that awl = € R2V= o = Wi and Tl?o = o(t1p)(1 —

o(t1,0)), which is denoted as ¢y Thus, the gradient of £
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From the above we could obtain the gradient of £ in terms of entire matrix W'
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Let check if the dimensions of matrix are matchable or not, z € R307?, y — ¢ € R*10,
W2 e RIOX512 5§ c R512 o6 the 25, ¢ R3072x512
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