Data and Advanced Network
Design



Recap: Developing a Model
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Looking at Your Data

Images

= Randomly sample
= Smallest / largest file size

= Rare classes

Try solving the task manually
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Random Images
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Largest File Size
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Smallest File Size
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Smallest File Size
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Solving the Task Manually
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Advanced Network Design
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How to Feed Data Into the Network?

& x
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Example: Gradients of Strictly Positive Inputs

Input: X = [X1, Xo| € R?

& x

Output:y € R

Lol
Gradient: 210xu) _ oxT

= L2lossie=9y—y

= L1loss: e =sign(y — y)

Consider:x; > 0andxs >0

= All gradients are all positive or negative

= Highly correlated updates to the weights

— slow training!
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How to Feed Data Into the Network?

Solution: Mean subtraction
& x
Input: x; v
[Normalization]

Apply affine transformation

v

~

X = Xi — Hx

Result: sign of gradients are no longer correlated
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Example: Gradients of Unnormalized Inputs

Input: X = [X;, Xo| € R? 4 x
Output:y € R

Linear
Gradient: 210xu) _ oxT

» L2lossie =9 —y
= L1loss: e =sign(y — y)

Consider: |x; | < |x2]
o1(6,x, o1(6,%,
— ] xy =] < 8“},{;’
— \Wl\ < |Wy| [after some training]
— model looks at x5 only

— slow training

13735



How to Feed Data Into the Network?

Solution: Input normalization
& x
Input: x; v
[Normalization]

Apply affine transformation

v

Xi = (Xi — Hy)/Ox
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Advanced Network Design
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Design Your Model

Pick Your Favorite Model
= CNN vs. Transformer
= Performance / speed / accuracy tradeoff

Linear

Now What?

Linear
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How to Initialize the Network?

How should we choose the initial parameters 6? & x

Linear

Linear
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How to Initialize the Network?

Solution 1: All zeros
X Does not work - no gradient

X Saddle point

& x

z, = Wx

L

[z;r = max

(#,0)|

_ +
zy = Wyz]

B
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How to Initialize the Network?

Solution 2: Constant
X Does not break symmetries

X Saddle point

& x

z, = Wx

L

[z;r = max

(#,0)|

_ +
zy = Wyz]

N
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How to Initialize the Network?

Solution 3: Random initialization Ly

z, = Wx

EEETX)

_ 4
zy = Wyz]

W ~ N(:ula 0121)

L
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Random Initialization

Weight Initialization
= Normal distribution A (1, 0*1)
= Uniform distribution U(u — o, it + o)

What should p; and o; be?

= For simplicity, u; = 0 and bias =0

Wi ~ N(lu’lv U%I)
W2 NN(,U/Q,O'%I) y
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Recall: Vanishing and Exploding Activations

Case1:w <1 & x —P[Linear 1]—>[Linear ZHLinear 3]—> .. PO

= w"z — Oforlargen

o b Layer Activation
= Vanishing inputs: a, = ——

1—w

[=1 a; ~wr+b
Case2:w =1
= q,=x+nb [ =2 as ~w’x + (w+1)b
Case3:w > 1 [=3 az ~ wizr + (w? +w +1)b
= Activation n: w"™ — o0 -
= Exploding activations a, ~ w'z + bz wk

l=n k=0

N——

1—wh
1—w
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How Do We Scale the Initialization?

By hand L x

= A lot of tuning

Automatically

= Alot of math [zl+ = max(zl,(])]

= Xavier Initialization
= Kaiming Initialization
y
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Kaiming Initialization
Strategy to set variance o? of normal distribution

Make all activations of similar scale agl ~

2

UZZ+1

‘NflfV.A/(HWVI,O%VlI)

‘ﬁ]2’V'Af(#WV27O%VQI)

How do we choose O'%Vl?

2

2 related to o2 ?
I+1 l

How is o
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How Does Scale Change Through a Layer?

Zz] = WlReLU(Zl_l) = lel—F—I
weights W; ~ N (0, o3y, I)

previous z;_1 ~ N (0, 021_11) of length n;_;

1
current z; ~ N(O, 5 o 7 G%Vl : 031711)

A 7
~"

2
O'Zl

Proof Setup

Letz' =0 wiz; =Y., w; - max(z;,0)
where

= iidw; ~N(0,02)

= iid. z; ~ N(0,02)

Show Var(z') = % -n- 02, - o2
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How Does Scale Change Through a Layer?

Zz] = WlReLU(Zl_l) = lel—F—I
weights W; ~ N (0, o3y, I)

previous z;_1 ~ N (0, 0'21_11) of length n;_;

1
current z; ~ N(O, 5 o 7 G%Vl : 031711)

A 7
~~

2
Uzl

Proof Setup
Letz' =0 wiz; =Y., w; - max(z;,0)
where

= iidw; ~N(0,02)
= iid. z; ~ N(0,02)

Show Var(z') = 5 -n - o3, - o2

Proof (Part 1/2) Var(z') = n - 02 - E[(z)?]

Var(z') = Var(zn; w;2;")
— zznl:Var(wizj)
_ iE[(Wm Bl P
_ iﬁ;mwﬂ E[)

=02 > Bl )]

=n-o, E[(z)’]
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How Does Scale Change Through a Layer?

= W ReLU(z;_1) = Wiz, Proof (Part 2/2): E[(zf)ﬂ =307
weights W; ~ N (0, o3y, I) E[(z)?] = E[max(z1,0)?]
previous z;_1 ~ N(0, 07 T) of length n;_4 / max(z,0)* f(z)dz
1 2 2
~ i . I
current ./\/'(O,\2 ni-1 - Ow, GZHJ ) _ / 2 f(2)dz
~ 0
Uzl 1 o0 )
Proof Setup ~ 5 /_Oo z"f(z)dz
Letz' =0 wiz; =Y., w; - max(z;,0) 1 2
= 5 - E[z1]
where 2
1
= Pidw; ~N(0,02) =5 .07

= iid. z; ~ N(0,02)

Show Var(z') =

N
S
o)

27135



How Does Scale Change Through a Network?

Zz] = WlReLU(Zl_l) = lel—F—I
weights W; ~ N (0, o3y, I)

previous z;_1 ~ N (0, 021_11) of length n;_;

1
current z; ~ N(O, 5 o 7 G%Vl : 031711)

A 7

02
z]
Scale of Activations
1
2 2 2
O-Zl T (5 ’ nl_]- ) O-Wl) ’ O-ZI,I
-1 1
2 2 2
O-Zl - (H 5 ‘N - O-W]H_l) ) O-ZL‘
k=0

28/35



Kaiming Initialization

Scale of Activations

1
2 2 2
O-zl - (5 "Nyt JWl) Uzl,l
-1 1
2 _ 2 2
Oz = (H 5 " Ng aWk+1) Oy
k=0

Make all activations of similar scale agm

2

O'Zl

(a4
~
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Variance of Backpropagation

Scale of activations/gradients

& x

z] = max(z, 0)]

_ +
zy = Wyz]
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Kaiming Initialization

Scale of activations/gradients
-1 & x

1
2 II 2 2
O-Zl_( §.nk.awk+1)'aw
k=0

~2 I I 1 2 ~2
O-Zl_( §'nk.awk).0-ZL
k=Il+1

Try keep activation or gradient magnitude constant

2
o, = — (Option 1 - Activations) y

ni—1

2
oW, = ;l (Option 2 - Gradients)
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Xavier Initialization

Scale of activations/gradients

-1

H 1
2 p— — . . 2 . 2
O-Zl - ( 2 nk O-Wk+1) O-LE
k=0
L1
~2 I I 2 ~ 2
le_( §'nk'awk)'0zL
k=1+1

Try keep activation and gradient magnitude

constant
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Final Layer

Initialize weights to 0 and disable bias with
bias=False
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Making It Work
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Data and Advanced Network Design - TL;DR

Look at your datal!

Normalize your input data X; = (x; — 4 ) /0%

Default PyTorch initialization (Kaiming init) is usually good enough
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