Deep learning

Dr. Aissa Boulmerka
a.boulmerka@centre-univ-mila.dz

2023-2024



CHAPTER 3
DEEP NEURAL NETWORKS



What is a deep neural network?
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Deep neural network notation
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4 layer NN

e lol = =3l = 5,02 = 5, l3] = 3l =l = 1
» L = 4:number of layers

= nl: number of units in layer [

= qall: activations in layer [ with alll = gl!l(zI4)

= W pl: weights for zl4



Forward propagation in a deep network
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Iterative Vectorized
7111 = il glol 4 pli] 7111 — ylilg4lo] 4 pla]
qlll = g[ll(z[ll) Alll = g[l](z[ll)
7121 = w2l g1l 4 pl2] 7121 — wl2l4l1] 4 pl2]
(2] — g[Z](Z[Z]) Al2l = 9[2](2[2])



Getting your matrix dimensions right
Parameters W and pl!

Wt (nlt, plt-1)

o b[l]:(n[l],l)

= dwll: (nltl, pl-1)

= dbll: (nld, 1)

- Zl0 (nlU) 1)

. all = gl(20): (nlt, 1)

w2l gl 4 pl2l

Z[l] — W[l]x + b[l] Z[Z]

(3,1) (3,2) (2,1) (3,1) (5,1) (53) (31 (5,1)
(n1,1) (a1, 20 ([0, 1) (n1],1) (n2,1) (a2, nl) (n1,1)  (nl?,1)



Vectorized implementation

L1 = Wity 4 plil

(n[l], 1) (n[l], n[O])(n[O], 1) (n[l], 1)

701 — whly 4+ plil

(n[l],m) (n[l],n[o])(n[o],m) (n[l],l)

(nl*!,m) broadcasting

211, qU; (nlt], 1)
dz!, dall; (nlt] 1)

z Al (n[l],m)
[ = 0: AlO; (n[o],m)
a0, Al (nlt) m )



Intuition about deep representation
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(*) Note that the image in the above example is generated by the algorithm from : https://this-person-does-not-exist.com



Circuit theory and deep learning

Informally: There are functions you can compute with a “small” L-layer deep
neural network that shallower networks require exponentially more hidden
units to compute.
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Forward and backward functions

X1\
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SO Aikc y layer (
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[I-1]—5 ] pll] > 1]
X4_ () a Wt b a
-l plil
Layer [: W b l Cache 7
= Forward:
Input al*=1, output; al¥ S
zW = wltgli-1 4 pll (Cache zW1) dall-1]<«— WL b « gl
all = gl (Z[l ) dz!]
0 Backward.
Input: dal¥, cache (z[M) l,
Output: dal'=*, dwl¥l, dpt¥ dw!l
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Forward and backward functions

alll w2l al?l qll—1l wltl
< Yc) R < — AT
b — > b
\Lcache z1 wiil plil l cache z[2, w2l pl2] l cache zL, witl plLl
U pil | dat |2 plzr| - dal? dal“= |yl piu
(_E dz[2] « (_E dzL]

wld « wll — gaw!i
pltl « pll — gqpli



Forward propagation for layer [

Input; al=1
Output: alt!,Cache(z!V) Vectorized:
Z[l] — W[l]a[l—l] + b[l] Z[l] _ W[l]A[l_l] n b[l]
[l = l
al'l =

gll(210) Al = gl (ZI0)
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Backward propagation for layer [

Input; dalt!
Output: dall=11 aqw !l gpll

dzlll = dalll « glth(5100) dzlt = gall « gl (z10)
aw'ltl = gzlU, gli-1] il = ldz[z]_A[z—l]T

dbll = dzI! m

dall-1 = Wl gl dbltl = % np.sum(dZ!Y, axis=1, keepdims = True)

If we substitute da'll to dz[l] - dAl=t = wlir, qz14

dz = yl+1IT g ,[1+1] (Z )

13



summary
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Parameters vs Hyperparameters

Parameters: W, pl1, w2l pl2l w3l pl31 ...

Hyperparameters:

= Learning rate: a

Number of iterations

Number of hidden layers: L

Number of hidden units: nltl, nl2l nB1  nll
=  Choice of activation function

Later: descent gradient optimization method, momentum, mini-batch size,

regularization, ... etc.
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Parameters: Applied deep learning is a very empirical process

Idea

cost J

Experiment

Code # of 1terations
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What does this have to do with the brain?

» Forward and backward propagation:

Forward propagation

701 = iy 4 plil
Al = gltl(Z11)

7121 — yl2l4l1 . pi2l
A2 = gl2](Z12))

711 = g1 4 plL]
AlLl = g[L](Z[L]) =Y

Backward propagation

dzILl = ALl —y

dwtl = le[L]A[L]T
m

1
dpltl = —np. sum(dZ[L], axis = 1, keepdims = True)
dz1-11 = qu LT gz glth (711-1)

dz1M = qwITqz121 gt (ZI0)

awitl = L gz 4mir
m

dbltl = %np. sum(dz, axis = 1, keepdims = True)

Dendrites
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