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Background

 Cost Function C(6)
* Given training examples:

{(xl, 5;1)) Y (xT" yr)) Y (xR, j;R)}
* Find a set of parameters 6° minimizing C(0)
1 ~
* C(0) =~ 2,C7(0), C7(0) = [I[f (x5 0) = ¥"
* Gradient Descent
+ VC(6) = 2%, VCT(6)
* Given w;; and b;, we have to compute acr/aw;j and
dC" /0b;

* There is an efficient way to compute the gradients of the
network parameters — backpropagation.



Chain Rule

Case 1 y=9(x) z=h(y)

dz dzdy

AX —> Ay - Az =
dx dy dx

Case 2

x=g(s) y=h(s) z=k(xy)

0Z 010X 0L oy

\Ay/ 3 0x s oy os




0C™ /ow;;

Layer | -1 Layer |

oC'

is the multiplication of two terms
i



E)C’"/E)Wilj - First Term

Layer | -1 Layer |

oC'

is the multiplication of two terms
i



(')C’"/(')Wilj - First Term

oC" |oz) |oC”




E)C’"/E)Wilj - First Term

oC' oz! |oC'
| I I
OW;  [OW; | OZ,
Input Layer 1
X, 1 — Ifl>1
zi =) wia,  +b
X£ 2 — j
Ifl=1
1 1,r 1
X; — j — Z; = 2 WyXj +b,

0z; -1

ow o
I

0z;

owt



(’)C’"/E)Wilj - Second Term

Layer | -1 Layer |

oC'

is the multiplication of two terms
i



(')C’"/(')Wilj - Second Term

1. How to compute 6"
r I r

oC _ oz, |0C g | | »
aWi'j @Wilj 57! i 2. The relation of 0" and o

Layer L
Layer [-1 Layer | Layer |+1 (output layer)




0C" /0wy - Second Term

‘ 1. How to compute " ‘

oC" oz|oC"|
ow:  owt| oz O, 2. The relation of ¢' and §'*
J ij |
Layer L
C (output layer)
a r

5L

- ozt Az, — Aa, = Ay, — AC' — 1 —
i } Depending on the

— 0y, 0C /" definition of cost function 52L
0z, 0y,




0C" /0wy - Second Term

‘ 1. How to compute " ‘

oC" oz|oC"|
ow:  owt| oz O, 2. The relation of ¢' and §'*
J ij |
S5L9 _O-’(ZlL )_ oC "Joy! |
5nL _ aCLr ' O"(Z;_) oC r/8 y;
GZn G’(ZL): VCr(yr):
_ oy, oC' O_r(an) 5Cr/8 y"
oz, Oy, P / _
:G'(ZL)aCr 5L:O" ZI)OVCr(Vr\,
n 6yrr] 7} Y

element-wise multiplication



E)C’"/E)Wilj - Second Term

oC" oz |oC” 5
ow, owi|az |
Layer | Layer [+1
1
2
2
0
i
5|

1. How to compute 6"

‘2. The relation of ' and &'

o ol+l
'5k




0C™ /ow;;

oc|

- Second Term

I+1
Az,
141 ™
% Azy" ..
I I ..... e
Az, = Aa, : 2 AC"

“’
.
.

azl+l
| _K_ +1
o= Z Oy
I+1 Z WL:rlal 4 b:(+1

( )Z W|I<+15|+1



(')C’"/(')Wilj - Second Term

oC" oz |eC’
— _»5_| 5_| _ O_r Z-I Wlﬂ—15|+l
| | | ki Ok
aWij 8Wij @Zi [ [ ( [ ); i
Layer | Layer |+1 new type of neuron
1
2
2
O, . r input
i
o, multiply a Wi )
% constant




E)C’"/E)Wilj - Second Term

. Layer | Liyier |+1 ( )Z WII<+15I+1
< 1 %
X 0'(21') X 0"(21”1) _G’(Zi )
%_ 2 % 2 o '<le)
xa’(z' ) X O (Z£+1) G’(ZI ):
5! . o Gr(zil)
L k :
5| xo'(zl) 5”1 ><o"(z|'(+1)



(')C’"/(')Wilj - Second Term

Layer | Layer |+1 Compare
5}'_ 1 o 1 Layer | Layer |+1
1 1 —n
xa’(zl') XG:(le+1) X al 1
5; I+1 5
- 2 2 a 2 ET+1
XO'(le) xa(z'zl) . 2 2
| |+1 : | k ;
5<|_ : K . II a||< 1
5| o (Zil) 5|+l Xo-'(zl'(”) a| a.|+1



1. How to compute "

oC" oz |aC” L L
= — o - =o'\z" JeVC'|Y'
owy  owy| oz, | "Il o'(ztJever(y')
T 2. The relation of 0 and 0"
5i ‘ 5I :O_r(zl).(vvl+1)T 5I+1
Layer | Layer |+1 Layer L-1 Layer L e
5I 5|+1 VC (y )
I, e
%) 1 \1 ......
xa(zl') XU'(leJrl)
5 —fl g
X O (2'2) X 0"(2'2”)
5 — i : { ......
(WI+1) xa'(zm)



. R —
Concluding Remarks & _|a]cc

8VVin aVViIi oz,
_/ ]
{a'jl | >1 o
X\ =1 |
1 1
Forward Pass Backward Pass
' =W'x" +Db' st =o'(zt)evC(y")
al = G(Zl) St = O_r(z L—1). (W L)T St




Acknowledgement

o [EZ5 Ryan Sun AR(SISHILEZE FRysEss



