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Gradient descent

aj(L) Yo
n—1
ay(-1) COSti — 2 (a](L) _ y])z
=0
aj+1(|') Y1
Case:

- training on one element of the training sample
- batch_size = 1
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Gradient descent
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Network where each layer has a single neuron in it

. w1, b1 .w2, b2. w3, b3 .
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Network where each layer has a single neuron in it

. w), b .

q(L-1) alL)
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Network where each layer has a single neuron in it

0.86
w, b

a(L-1) 3(L) y
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Network where each layer has a single neuron in it

0.86
w, b

a(L-1) 3(L) y

Cost (w1,...,wl),b1,...,bL) = (@l - y)2
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Network where each layer has a single neuron in it

0.86
w, b

q(L-1) alL) y

Cost (w1,...,wl),b1,...,bL) = (@l - y)2

al) = f( wib*alL-1) + b)) = f( zL)

f: activation function
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Network where each layer has a single neuron in it

wib), b(L)

wb 3(L-1) b(L) q(L-1) a(L) y

\ Costi (wi,...,wb),b1,...,b0) = (alL) - y)2
z al) = f( wib*al-1) 4+ b)) = f( zL)

f: activation function

y a(b)

AN
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Network where each layer has a single neuron in it

wiL-1) q(L-2) b(L-1)

N

w(L), b(L)
Z(L-1) / /
q(L-1) alL) y
w(L) alL-1) b(L)
\ Cost; (w1,...,wb),b1,...,blL) = (al) - y)2
all) = f( wb*q(L-1) 4 b(L)) — f( z(L))
z(L)
f: activation function

y alb)

\ Cost
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Network where each layer has a single neuron in it

wiL), b(L)
q(L-1) 3(L) y

wi(L) alL-1) b(L)

\ Cost; (w1,...,wb),b1,...,blL) = (al) - y)2

z(L) alb) = f( wib*alt-1) + b)) = f( zI))

f: activation function

y alb)

Cost
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Network where each layer has a single neuron in it

w(L), b

/

a(L-1) alL)

wi(L) alL-1) b(L)

\ COSti (W1 ,...,W(L),b'l,.._,b(l-)) — (a(l-) - )2

al) = f( wib*alL-1) + b)) = f( zL)

z(L)
f: activation function
Chain Rule :
alb)
dCost;  0Cost; 0a't 0z\P
ow® 9@ 97D gD
Cost
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Network where each layer has a single neuron in it

w) alL-1) b
0.86
w(L), b

z(L)
q(L-1) a(L)
a® Costi (w1,...,wb,b1,...,b0) = (@b - y)2
\ Cost al) = f( wib*al-1) 4+ b)) = f( zL)
oS
0Cost. f: activation function
0 D = 2(a'” = y)
Chain Rule: ¢
oaD) (L)
dCost;  0Cost, da' o7 PRD) =f(z")
L) gg 9L GuD
ow oa oz\L) ow 97D o
ow@)

Bastien Arcelin - 05/04/2019 Workshop GPU - CC IN2P3



Network where each layer has a single neuron in it

w) alL-) b
0.86
\ w), bU

z(L)
a(L-1) a(L)
alb)
Costi (w1,...,wb,b1,...,b0) = (@b - y)2
\ Cost alb) = f( wib*al-1) 4+ bL)) = f( zL)
oS

f: activation function

Chain Rule :

, L) - L)
aCOStl _ aCOStl Ga aZ — 2(61(1‘) . y)f,(Z(L))a(L_l)
ow @) dall) o0z gw(L)
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Network where each layer has a single neuron in it

w alL-1) b
0.86
\ w), bL)

z(L)
gq(L-1) alL)
alb)
Costi (wi,...,wb),b1,...,b0) = (alL) - y)2
\ alb) = f( wbi*aq(L-1) + bL)) = f( z(L)
Cost ( ) =1(z0)
f: activation function
Chain Rule : For n training examples
. . (L) (L) n—1
0Cost; _ d0Cost; da"™ 0z — 2(a® — fED)aD 0Cost _ 1 (dCostl)
ow@L) oal) oz gy D) ow @) n & ow D)
1=
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Network where each layer has a single neuron in it

wib) a(L-1) b(L)
\ | wb), b
z(L) / /
a(L-1) alb) y
y al) Costi (w1,...,wb),b1,...,bL) = (ab) - y)2

AN

Same use of chain rule for b(t), and alt-1) : backpropagation

alb) = f( wb*al-) + b)) = f( zWL
Cost ( ) = f(z)

f: activation function

0Cost;
ob(L)

0Cost;
oq L1

— 2(61(1‘) _ y)f/(Z(L)) — z(a(L) . y)f/(Z(L))W(L)
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Network where each layer has a single neuron in it

wiL-1) q(L-2) b(L-1)

0.24 0.86

w(b), bL)

a(L-1) alL)
wi(b) gq(L-1) b(L)
\ Costi(w1,...,wlb,b1,...,blk) = (@ - y)2
alb) = f( wib*alL-1) + bL)) = f( zL))
z(L)
f: activation function
y al Iterate the idea backwards to see how

sensitive is the cost to previous weights

\ Cost
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Network where each layer has more than neuron in it

n;—1
Cosl‘i — Z (aj(L) _ yj)2
i=0

a j(l-)

Yo

a1

Y1

Desired output
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Network where each layer has more than neuron in it

7D = D L-D _|_W(L) (L=1) 4 (D) L=1) o b(L) n—1
] 70 4 4 72 ) c B & @D 5
oSt = Z (aj — )

aj(L) = f( Z (L i=0

a j(l-)

Yo

ak(L-1)

Y1

Desired output
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Network where each layer has more than neuron in it

dCost;  oCost; da;” oz 2D = W B 4 L= 4 p®

= J JO 0 1 J2 2
(L) (L) (L) (L)
aij daj dzj 0wjk

(L) — £/ (L)
i 0Cost, 5Clj(L) 0Zj(L) 4 J (ZJ )

dCost Z
= > Sum over layer L
dar~ Y 0a" 0z\" dal™V

j=0_"7J

aj(L) Yo
n;—1
ai(L-1) Cost; = Z (a(L) y])2
i=0
aj+1t A

Desired output
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Network where each layer has more than neuron in it

dCost;  dCost; 94" az" 2D = W B 4 L= 4 p®
D 3gD 5,0 9D K o0 R CRe
Wik 4 05 OWik

(L) — £((L)
@, = f(z;™)

0Cost, ) 0Cost, 5Clj(L) 0Zj(L)
= Z » Sum over layer L

(L-1) L) A L) 7,L-1)
&ak oo aaj dzj 6ak

You can now compute each
component of the gradient !

aj(L) Yo
n—1
L
AL Cost, = 2 (aj( ) —y)?
=0
aj+1 L Y1

Desired output
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And how do | use this to update my bias and weights “?

Easy: use the learning rate to update :

Dt _ (L) >X<8(fostl-
Wi =W =
dwjk
dCost

D+ — pL) _ ] % J
bi = by

r
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Sources:

* https:// www.youtube.com/watch?v=tleHLnjs5U8&list=PLZHQObOWTQDNUG6R1 67000Dx ZCJB-3pi&index=4
« https://mattmazur.com/2015/03/17/a-step-by-step-backpropagation-example/
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