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Exercise 01: (10 points)
Considering that the activation function in this exercise is the sigmoid function.

First: Provide an appropriate title for the diagram, then compute the unknowns h1, h2, and O1 (all biases in
this part are zero).

W2=1 W5=0

g

We6=1

W3=0
3 g — h,

Second: The following table shows Iman’s heights and weights. 10kl Oisls d\}ki Siay Q‘Jtﬂ\ Jeaall :g.'am\ giad)
dagira cfjlady) ISy 1 Solesd gy JS giadl 1 gﬁ :4aadla

Note: In this part All weights are equal to 1, and all biases are zero.
gender_uiall | neights(aw) Jokal) | [weight(ls) &)l | name/aud)
sl 165 70 Ol

A<us oLl 2y « AU T ajing 166 58 Jshall AS)and) Jalug¥ls 72 58 Ojsll A amiall Lol (o) Slae by
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Considering that the moving average of weight is 72 and the moving average of height is 166, and using the

encoding 1 for female, after constructing a neural network that predicts gender based on weight and height, we
obtained the following results:

Ypred Ytrue (""“‘w
0 1 Ol

-
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Required: Suppose that we want to adjust the weight w;.and how it will this modification affect the loss
function L. Compute the following: ;TL Then: Provide an appropriate comment on the obtained result.
1

Note: Every formula must be derived and justified before being used. Results must be deduced logically from
these derivations. No credit will be given for any step that is not properly proven.
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Exercise 02: (6 PTS)

In order to understand the operating principle of machine vision based on Convolutional Neural Networks
(CNNs), consider the following matrix: (Note: The bias in this exercise is equal to 1.)

0 1 1 1 0 O
0 00 01 O0
0 011 0O
0 00 01 O0
0 00 01 O0

0 1.1 1 0 O

ralaly) aaanl JUl geaal) plall e adiein Wl ) 8l

Assuming that we will rely on the following manual filter to define the convolution:

1 0 -1

1 0 -1

1 0 -1
Required: Calculate the vector aaiall sl teigliaall
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Exercise 3: (4 PTS) Given that we wanted to measure machine prediction using recurrent neural networks
(RNNs), and you had the following data:

X1 - 1, XZ - 05, X3 - 0, X4 == O, X5 == 05, X6 == 1,

Aapiill RELU &3 e Uasie) W) Jisly by = 0.1 3 Wy = 0.3 s Wy = 0.6 08l of kel

- Arladl Auasa) dadal) miniad & Eiad) Ledad) laadall OS2 Gl gl
Required: Calculate the values of all six hidden layers and then deduce the seventh hidden
layer.
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hy = f(x;wy +x,w, + b)) = f(2X0+3x1+0)=f(3)=0.9526 (0.5 pts)
hy = f(xqw3 +x,w, + b)) = f(2%X0+3 x1+0)=f(3) =0.9526 (0.5 pts)
0, = f(hyws + howg + b3) = £(0.9526 x 04+ 0.9526 x 1 + 0) = £(0.9526) = 0.7216
(0.5 pts)

f(x) = sigmoid = (0.5 pts)

1+e™™
e *+1-1 1 e *+1 1

[ = (1-|-ee‘x)2 - (1+e )  (1+e*) La+e™) (1+e‘x)] =f@I1 = f(] (2 pts)
hy = f(xywy + x,W, + b)) = f(—2X1—-1x1+0) = f(—3) = 0.0474 (0.5 pts)
hy; = f(xyws + x,wy + by) = f(—2X1—-1x1+0) = f(—3) = 0.0474 (0.5 pts)

1 2 1 2
oL _ n ?:1(Ytrrue - Ypred) _ TZ?=1(1 - ypred) _ (1 - ypred)z . 2(1 )
aypred aypred aYpred ayI)red Ypred
= —2(1-0.524) = —0.952 (1.5 pts)
aypred _ af(WShl + W6h2 + b3)
oh, dh,
=1x f'(1% 0.0474 + 1 X 0.0474 + 0) = £'(0.0948)
= £(0.0948)(1 — £(0.0948)) = 0.249 (1.5 pts)
dhy  0f (wyxy + wyx; + by)
ow, ow,
= =2f'(AIX (D) +1x(=2)+0)==-2f"(-3) = -2 % f(-3)(1 - f(-3))
= —0.0904 (1pts)

oL oL X OYpred X Oy 0.952 x 0.249 x (—0.0904) = 0.0214 (1.5 pts)
= = —VU. . — V. - . . S
an aypred ahl an P

(0.5 pts)0.0214 Lste slusll dlla 8 lan dasids 52L3 Sijacs Basls Bangs Js¥) (yll 3 Ll 2 Gabac

O

= ws X f'(Wshy + wgh, + b3)

= x1f (Wixy + wyx; + by)
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0 1 1 1 0 O
000010 Lo 1 1 0 2 3 /m
0 01 10O - 0 0 0 2
000010 10 -1 0 1 0 2
0 1 1 1 0 O Activation Function
Input Image e £10.25
Filter v
0 1 0 2 3
3 0 3 0 0 0 2
1 € [1 2 € 0 0 0 2
2 0 1 0 2
Feature map
Vector MAX pooling
. . Post relu
(ki 1) (4kii 0.5)
(4t 0.5)

(&l 04) Rt |l Crpail) Glsa

hy =0.6x1+0.1=07 (iki0.5)

h, = 0.6x0.5+03x0.7+0.1=061 (iki0.5)

hy = 0.6 x0+0.3x0.61+0.1=0283 (ki 0.5)
hy=0.6x0+0.3x0.283+0.1=0.185 (iki (.5)
hs = 0.6 X 0.5+ 0.3 X 0.185 + 0.1 = 0.455  (&kii 0.5)
he = 0.6 X 1+ 0.3 X 0.455 + 0.1 = 0.873 (ki 0.5)

h, = 0.6 X 0.873 4+ 0.1 = 0.624 (4ki 1)
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