
MANY-VARIABLE
CALCULUS
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CONTINUOUS GRADIENTS
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WHY WE NEED GRADIENT
First-order conditions

rf(x?) = 0

First-order methods

Gradient descent
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THE CALCULUS  YO  MOMMA 
TAUGHT  YOU

rf(x, y, z) = @xf i+ @yf j+ @zf k

f(x, y, z) : Rn ! R

What letter do we use for
 4th variable?

What letter do we use for
 1,000,000th variable?
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DERIVATIVE

Freshet derivative is a linear operator         withD

lim
khk!0

f(x+ h)� f(x)�Dh

khk = 0

A linear operator that locally behaves like  f

f : Rn ! Rm

In optimization: variables are usually column vectors

Df
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DERIVATIVE
In optimization: variables are usually column vectors

Df

Df =
�
Dx1f Dx2f Dx3f

�

=

0

@
Dx1f1 Dx2f1 Dx3f1
Dx1f2 Dx2f2 Dx3f2
Dx1f3 Dx2f3 Dx3f3

1

A

In this case the derivative is the Jacobian 
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GRADIENT
In optimization: variables are usually column vectors

Df

For scalar-valued functions

rf =

0

@
@x1f
@x2f
@x3f

1

ADf =
�
@x1f, @x2f, @x3f

�

rf

Definition: Gradient is the adjoint of the derivative
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GRADIENT
In optimization: variables are usually column vectors

Df rf

Better Definition: The gradient of a scalar-valued function is a 
matrix of derivatives that is the same shape as the unknowns

x =

0

@
x11 x12 x13

x21 x22 x23

x31 x32 x33

1

A rf =

0

@
@11f @12f @13f
@21f @22f @23f
@31f @32f @33f

1

A

example: matrix of unknowns
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WHAT’S THE GRADIENT?!?!

f(x) = Ax

Function

f(x) = kxk2

f(x) =
1

2
xTAx

gradient

rf(x) = AT

rf(x) = Ax

rf(x) = 2x

symmetric A
<latexit sha1_base64="eQSLPSXRF7+3Cp1pLsJcC2jiuoU=">AAAB/3icbZC7SgNBFIbPeo3xFrW0GQyCVdgVQcuojWUC5gLJEmYnZ5Mhs7PLzKwQlhTWtvoMdmLro/gIvoWTZAuTeGDg4//P4Zz5g0RwbVz321lb39jc2i7sFHf39g8OS0fHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qd+6wmV5rF8NOME/YgOJA85o8ZK9dteqexW3FmRVfByKENetV7pp9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdi5JGqP1sduiEnFulT8JY2ScNmal/JzIaaT2OAtsZUTPUy95U/M/rpCa88TMuk9SgZPNFYSqIicn016TPFTIjxhYoU9zeStiQKsqMzaZYXNgjOcPQWhObjbecxCo0Lyue5fpVuXqXp1SAUziDC/DgGqrwADVoAAOEF3iFN+fZeXc+nM9565qTz5zAQjlfv44blgs=</latexit><latexit sha1_base64="eQSLPSXRF7+3Cp1pLsJcC2jiuoU=">AAAB/3icbZC7SgNBFIbPeo3xFrW0GQyCVdgVQcuojWUC5gLJEmYnZ5Mhs7PLzKwQlhTWtvoMdmLro/gIvoWTZAuTeGDg4//P4Zz5g0RwbVz321lb39jc2i7sFHf39g8OS0fHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qd+6wmV5rF8NOME/YgOJA85o8ZK9dteqexW3FmRVfByKENetV7pp9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdi5JGqP1sduiEnFulT8JY2ScNmal/JzIaaT2OAtsZUTPUy95U/M/rpCa88TMuk9SgZPNFYSqIicn016TPFTIjxhYoU9zeStiQKsqMzaZYXNgjOcPQWhObjbecxCo0Lyue5fpVuXqXp1SAUziDC/DgGqrwADVoAAOEF3iFN+fZeXc+nM9565qTz5zAQjlfv44blgs=</latexit><latexit sha1_base64="eQSLPSXRF7+3Cp1pLsJcC2jiuoU=">AAAB/3icbZC7SgNBFIbPeo3xFrW0GQyCVdgVQcuojWUC5gLJEmYnZ5Mhs7PLzKwQlhTWtvoMdmLro/gIvoWTZAuTeGDg4//P4Zz5g0RwbVz321lb39jc2i7sFHf39g8OS0fHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qd+6wmV5rF8NOME/YgOJA85o8ZK9dteqexW3FmRVfByKENetV7pp9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdi5JGqP1sduiEnFulT8JY2ScNmal/JzIaaT2OAtsZUTPUy95U/M/rpCa88TMuk9SgZPNFYSqIicn016TPFTIjxhYoU9zeStiQKsqMzaZYXNgjOcPQWhObjbecxCo0Lyue5fpVuXqXp1SAUziDC/DgGqrwADVoAAOEF3iFN+fZeXc+nM9565qTz5zAQjlfv44blgs=</latexit><latexit sha1_base64="eQSLPSXRF7+3Cp1pLsJcC2jiuoU=">AAAB/3icbZC7SgNBFIbPeo3xFrW0GQyCVdgVQcuojWUC5gLJEmYnZ5Mhs7PLzKwQlhTWtvoMdmLro/gIvoWTZAuTeGDg4//P4Zz5g0RwbVz321lb39jc2i7sFHf39g8OS0fHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qd+6wmV5rF8NOME/YgOJA85o8ZK9dteqexW3FmRVfByKENetV7pp9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdi5JGqP1sduiEnFulT8JY2ScNmal/JzIaaT2OAtsZUTPUy95U/M/rpCa88TMuk9SgZPNFYSqIicn016TPFTIjxhYoU9zeStiQKsqMzaZYXNgjOcPQWhObjbecxCo0Lyue5fpVuXqXp1SAUziDC/DgGqrwADVoAAOEF3iFN+fZeXc+nM9565qTz5zAQjlfv44blgs=</latexit>
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CHAIN RULE

@f(g(x)) = f 0(g)g0(x)

single-variable
chain rule

multi-variable
chain rule

Swap

h(x) = f � g(x) = f(g(x))

Df(g(x)) = Df �Dg(x)

rf(g(x)) = rg(x)rf(g)

for gradients

10



EXAMPLE:  LEAST SQUARES
1

2
kAx� bk2

Ax� b
1

2
kxk2

f(g(x)) =

x AT

r r

AT (Ax� b)

rg(x)rf(g)

f = = g

How would you find the gradient?
11



IMPORTANT RULES

h(x) = f(Ax)

If

Then

If

Then

h(x) = f(xA)

Why?

rh(x) = AT f 0(Ax) rh(x) = f 0(xA)AT
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g(x) = xA
<latexit sha1_base64="eK85tGtUbID0y8s487cl9lCzfQg=">AAACDnicbZDLSsNAFIZP6q3WW9Slm8FScFUSEXUjVN24rNAbtLFMppN26GQSZiZCKX0CN76KGxeKuHXtzrdx0gbU1h8GPv5zDmfO78ecKe04X1ZuaXlldS2/XtjY3NresXf3GipKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h9dpvXlPpWKRqOlRTL0Q9wULGMHaWF271BHY5xj1UQYBuvjBy7saMip07aJTdqZCi+BmUIRM1a792elFJAmp0IRjpdquE2tvjKVmhNNJoZMoGmMyxH3aNihwSJU3np4zQSXj9FAQSfOERlP398QYh0qNQt90hlgP1HwtNf+rtRMdnHtjJuJEU0Fmi4KEIx2hNBvUY5ISzUcGMJHM/BWRAZaYaJNgGoI7f/IiNI7L7mnZuT0pVq6yOPJwAIdwBC6cQQVuoAp1IPAAT/ACr9aj9Wy9We+z1pyVzezDH1kf3zGmmP0=</latexit>

rgrf = rfAT



EXAMPLE:  RIDGE 
REGRESSION

f(x) =
�

2
kxk2 + 1

2
kAx� bk2

Optimality Condition

rf(x) = �x+AT (Ax� b) = 0

(ATA+ �I)x = AT b

x? = (ATA+ �I)�1AT b
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REGULARIZED GRADIENTS

|x| ⇡ h(x) =

(
1
2x

2, for |x|  �

�(|a|� 1
2�), otherwise

|x| ⇡
p

x2 + ✏2

−3 −2 −1 0 1 2 3
0

0.5

1

1.5

2

2.5

3

Huber regularization

Hyperbolic regularization
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FINITE DIFFERENCE OPERATOR

15

Neumann
0

@
u1 � u0

u2 � u1

u3 � u2

1

A <latexit sha1_base64="yfrtSevyAcXCfp24qyF916eB17c="></latexit>u1
<latexit sha1_base64="VYFML059d0LWFqW7vr85L/PnAgY="></latexit>u2

<latexit sha1_base64="kZ9K87/AcpfSGL+nLenW4ywAjOA="></latexit>u3
<latexit sha1_base64="2yhFYWkcBJeFJh5ylaI3IVsb80c="></latexit>u4

<latexit sha1_base64="LpjJVKyya43T2tCvRcd6KSxCiMc="></latexit>ru =

<latexit sha1_base64="xXFsObWtke3WQpeFBQyVnjqhORo="></latexit>

r =

2

4
�1 1 0 0
0 �1 1 0
0 0 �1 1

3

5

<latexit sha1_base64="nZQcazxINsbklbpPW4Xmc3z80us="></latexit>

rT =

2

664

�1 0 0
�1 �1 0
0 1 �1
0 0 1

3

775

discrete
gradient
operator

(finite difference)

(negative)
divergence



GRADIENT OF TV
|rx|+ µ

2
kx� fk2

h(rx) +
µ

2
kx� fk2

Regularize L1

rTh0(rx) + µ(x� f)

Differentiate

h0(x) =
xp

x2 + ✏2
divide component-wise
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LOGISTIC REGRESSION
Data vectors Labels

Model
� =

Maximum Likelihood (MAP) Estimator

{xi}
<latexit sha1_base64="tCX+VlTQpqirja3zwoqOSVXJma4="></latexit><latexit sha1_base64="tCX+VlTQpqirja3zwoqOSVXJma4="></latexit><latexit sha1_base64="tCX+VlTQpqirja3zwoqOSVXJma4="></latexit><latexit sha1_base64="tCX+VlTQpqirja3zwoqOSVXJma4="></latexit>

{yi}
<latexit sha1_base64="Fn/U0Idw3fAuqF3C3noeqI1vyho="></latexit><latexit sha1_base64="Fn/U0Idw3fAuqF3C3noeqI1vyho="></latexit><latexit sha1_base64="Fn/U0Idw3fAuqF3C3noeqI1vyho="></latexit><latexit sha1_base64="Fn/U0Idw3fAuqF3C3noeqI1vyho="></latexit>

p(yi = 1|xi) = �(xiw) =
exiw

1 + exiw
<latexit sha1_base64="rBkloOrgUpFY9uR4vc8wA/zCwsk="></latexit><latexit sha1_base64="rBkloOrgUpFY9uR4vc8wA/zCwsk="></latexit><latexit sha1_base64="rBkloOrgUpFY9uR4vc8wA/zCwsk="></latexit><latexit sha1_base64="rBkloOrgUpFY9uR4vc8wA/zCwsk="></latexit>

maximize p(w|X,Y )
<latexit sha1_base64="hB7ece15lvcKueQ6YlB/bDUs904="></latexit><latexit sha1_base64="hB7ece15lvcKueQ6YlB/bDUs904="></latexit><latexit sha1_base64="hB7ece15lvcKueQ6YlB/bDUs904="></latexit><latexit sha1_base64="hB7ece15lvcKueQ6YlB/bDUs904="></latexit>

minimize
w

mX

k=1

log(1 + exp(�yk · xkw))) = flr(Y Xw)
<latexit sha1_base64="Z01nIMnGnhuHTaeTp5zQpwQEudI="></latexit><latexit sha1_base64="Z01nIMnGnhuHTaeTp5zQpwQEudI="></latexit><latexit sha1_base64="Z01nIMnGnhuHTaeTp5zQpwQEudI="></latexit><latexit sha1_base64="Z01nIMnGnhuHTaeTp5zQpwQEudI="></latexit>
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LOGISTIC REGRESSION

Break the problem down

Coordinate separable Linear operator

flr(z) =
mX

k=1

log(1 + exp(�zk))

rflr(z) =
�exp(�z)

1 + exp(�z)

X̂ = Y X
<latexit sha1_base64="H7aeSL5eS8TH1uTLicN2rhWxSQs="></latexit><latexit sha1_base64="H7aeSL5eS8TH1uTLicN2rhWxSQs="></latexit><latexit sha1_base64="H7aeSL5eS8TH1uTLicN2rhWxSQs="></latexit><latexit sha1_base64="H7aeSL5eS8TH1uTLicN2rhWxSQs="></latexit>

minimize
w

mX

k=1

log(1 + exp(�yk · xkw))) = flr(Y Xw)
<latexit sha1_base64="Z01nIMnGnhuHTaeTp5zQpwQEudI="></latexit><latexit sha1_base64="Z01nIMnGnhuHTaeTp5zQpwQEudI="></latexit><latexit sha1_base64="Z01nIMnGnhuHTaeTp5zQpwQEudI="></latexit><latexit sha1_base64="Z01nIMnGnhuHTaeTp5zQpwQEudI="></latexit>

minimize
x

flr(X̂w)
<latexit sha1_base64="PaJ274Qrf9FUY8S55o/chDztVEk="></latexit>

r{flr(X̂w)} = X̂Trflr(X̂w)
<latexit sha1_base64="T6vpjZTQNZ8Qx4AbhoBZwWWdK5E="></latexit>
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NON-NEGATIVE MATRIX 
FACTORIZATION

minimize
X�0,Y�0

E(X,Y ) =
1

2
kXY � Sk2

@Y E = XT (XY � S)

@XE = (XY � S)Y T

19



� =

NEURAL NETS: 
 LOGISTIC REGRESSION ON STEROIDS 

MLP = “Multilayer Perception”

�(�(�(xiW1)W2)W3) = y3
<latexit sha1_base64="XJ4NtNd3rSNVIj4B8l+R6+NtQGw="></latexit><latexit sha1_base64="XJ4NtNd3rSNVIj4B8l+R6+NtQGw="></latexit><latexit sha1_base64="XJ4NtNd3rSNVIj4B8l+R6+NtQGw="></latexit><latexit sha1_base64="XJ4NtNd3rSNVIj4B8l+R6+NtQGw="></latexit>

20

In neural net land, x is a row vector!



GRADIENT OF NET

yi

�(y1W2) = y2 �(y2W3) = y3

�(�(�(xiW1)W2)W3) = y3
<latexit sha1_base64="XJ4NtNd3rSNVIj4B8l+R6+NtQGw="></latexit><latexit sha1_base64="XJ4NtNd3rSNVIj4B8l+R6+NtQGw="></latexit><latexit sha1_base64="XJ4NtNd3rSNVIj4B8l+R6+NtQGw="></latexit><latexit sha1_base64="XJ4NtNd3rSNVIj4B8l+R6+NtQGw="></latexit>

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="Ge61bU6wWdN8mMbUztW50MNrYIw="></latexit><latexit sha1_base64="tHg0Peh+e0NUDLXyFxj2sx0bYeo="></latexit><latexit sha1_base64="tHg0Peh+e0NUDLXyFxj2sx0bYeo="></latexit><latexit sha1_base64="e4jEt5qHAJQoPuUSwnoueEImUu4="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

�(xiW1) = y1
<latexit sha1_base64="kEVnArWIbyA97ERy9m1nZ19eucw="></latexit><latexit sha1_base64="kEVnArWIbyA97ERy9m1nZ19eucw="></latexit><latexit sha1_base64="kEVnArWIbyA97ERy9m1nZ19eucw="></latexit><latexit sha1_base64="kEVnArWIbyA97ERy9m1nZ19eucw="></latexit>
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STEP BY STEP

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>

z1
<latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

z2
<latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit>

y2
<latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

z3
<latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit>

<̀latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit>

loss

Break network apart into simple operations

�1
<latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit>

�2
<latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="v33T+XuR78HxjouGENoq7rvoUIw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="xjoG/9Ods4R6DTb+r3uA/5bk17c="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit>

Training 
data

“Pre-activations”

activations
row vector
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FORWARD PASS

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>

z1
<latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

z2
<latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit>

y2
<latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

z3
<latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit>

<̀latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit>

loss

Store the y’s for later

Compute the intermediate values

�1
<latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit>

�2
<latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="v33T+XuR78HxjouGENoq7rvoUIw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="xjoG/9Ods4R6DTb+r3uA/5bk17c="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit>
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BACKWARD PASS

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>

z1
<latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

z2
<latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit>

y2
<latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

z3
<latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit>

<̀latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit>

loss

Let’s find derivative of loss with respect to x 

derivative
with respect to this

�1
<latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit>

�2
<latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="v33T+XuR78HxjouGENoq7rvoUIw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="xjoG/9Ods4R6DTb+r3uA/5bk17c="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit>

@`

@z3
<latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit>24



BACKWARD PASS

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>

z1
<latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

z2
<latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit>

y2
<latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

z3
<latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit>

<̀latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit>

loss

Let’s find derivative of loss with respect to x 

derivative
with respect to this

�1
<latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit>

�2
<latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="v33T+XuR78HxjouGENoq7rvoUIw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="xjoG/9Ods4R6DTb+r3uA/5bk17c="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit>

@`

@z3
<latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>
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BACKWARD PASS

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>

z1
<latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

z2
<latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit>

y2
<latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

z3
<latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit>

<̀latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit>

loss

Let’s find derivative of loss with respect to x 

derivative
with respect to this

�1
<latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit>

�2
<latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="v33T+XuR78HxjouGENoq7rvoUIw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="xjoG/9Ods4R6DTb+r3uA/5bk17c="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit>

@`

@z3
<latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

�0
2

<latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit>
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BACKWARD PASS

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>

z1
<latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

z2
<latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit>

y2
<latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

z3
<latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit>

<̀latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit>

loss

Let’s find derivative of loss with respect to x 

derivative
with respect to this

�1
<latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit>

�2
<latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="v33T+XuR78HxjouGENoq7rvoUIw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="xjoG/9Ods4R6DTb+r3uA/5bk17c="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit>

@`

@z3
<latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

�0
2

<latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>
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BACKWARD PASS

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>

z1
<latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

z2
<latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit>

y2
<latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

z3
<latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit>

<̀latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit>

loss

Let’s find derivative of loss with respect to x 

derivative
with respect to this

�1
<latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit>

�2
<latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="v33T+XuR78HxjouGENoq7rvoUIw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="xjoG/9Ods4R6DTb+r3uA/5bk17c="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit>

@`

@z3
<latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

�0
2

<latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

�0
1

<latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit>
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BACKWARD PASS

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>

z1
<latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit>

z2
<latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit>

y2
<latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit>

z3
<latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit>

<̀latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit>

Let’s find derivative of loss with respect to x 

@`

@z3
<latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

derivative
with respect to this

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

loss�1
<latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit>

�2
<latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="v33T+XuR78HxjouGENoq7rvoUIw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="xjoG/9Ods4R6DTb+r3uA/5bk17c="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit>

�0
2

<latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

�0
1

<latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>
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GRADIENT  VS  DERIVATIVE

@`

@z3
<latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

�0
2

<latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

�0
1

<latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

derivative

gradient

@`

@x1
=

<latexit sha1_base64="ObtbduSEPX5MjS7D478V3C+hQL4="></latexit><latexit sha1_base64="ObtbduSEPX5MjS7D478V3C+hQL4="></latexit><latexit sha1_base64="ObtbduSEPX5MjS7D478V3C+hQL4="></latexit><latexit sha1_base64="ObtbduSEPX5MjS7D478V3C+hQL4="></latexit>

rz3`
<latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit><latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit><latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit><latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit>

W>
3

<latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit><latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit><latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit><latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit>

�0
2

<latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit>

W>
2

<latexit sha1_base64="0p4YD/bSCgPKYAGWCAbAcFNfTi0="></latexit><latexit sha1_base64="0p4YD/bSCgPKYAGWCAbAcFNfTi0="></latexit><latexit sha1_base64="0p4YD/bSCgPKYAGWCAbAcFNfTi0="></latexit><latexit sha1_base64="0p4YD/bSCgPKYAGWCAbAcFNfTi0="></latexit>

W>
1

<latexit sha1_base64="4PgQv/ulVitcmReSbD4AZz7H0uw="></latexit><latexit sha1_base64="4PgQv/ulVitcmReSbD4AZz7H0uw="></latexit><latexit sha1_base64="4PgQv/ulVitcmReSbD4AZz7H0uw="></latexit><latexit sha1_base64="4PgQv/ulVitcmReSbD4AZz7H0uw="></latexit>

�0
1

<latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit>

r`x1 =
<latexit sha1_base64="KX49mSewKP4Ym1EUaQT+CLvYxdE="></latexit><latexit sha1_base64="KX49mSewKP4Ym1EUaQT+CLvYxdE="></latexit><latexit sha1_base64="KX49mSewKP4Ym1EUaQT+CLvYxdE="></latexit><latexit sha1_base64="KX49mSewKP4Ym1EUaQT+CLvYxdE="></latexit>

30



GRADIENT  VS  DERIVATIVE

@`

@z3
<latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

�0
2

<latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

�0
1

<latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

derivative

gradient

@`

@x1
=

<latexit sha1_base64="ObtbduSEPX5MjS7D478V3C+hQL4="></latexit><latexit sha1_base64="ObtbduSEPX5MjS7D478V3C+hQL4="></latexit><latexit sha1_base64="ObtbduSEPX5MjS7D478V3C+hQL4="></latexit><latexit sha1_base64="ObtbduSEPX5MjS7D478V3C+hQL4="></latexit>

rz3`
<latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit><latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit><latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit><latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit>

W>
3

<latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit><latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit><latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit><latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit>

�0
2

<latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit>

W>
2

<latexit sha1_base64="0p4YD/bSCgPKYAGWCAbAcFNfTi0="></latexit><latexit sha1_base64="0p4YD/bSCgPKYAGWCAbAcFNfTi0="></latexit><latexit sha1_base64="0p4YD/bSCgPKYAGWCAbAcFNfTi0="></latexit><latexit sha1_base64="0p4YD/bSCgPKYAGWCAbAcFNfTi0="></latexit>

W>
1

<latexit sha1_base64="4PgQv/ulVitcmReSbD4AZz7H0uw="></latexit><latexit sha1_base64="4PgQv/ulVitcmReSbD4AZz7H0uw="></latexit><latexit sha1_base64="4PgQv/ulVitcmReSbD4AZz7H0uw="></latexit><latexit sha1_base64="4PgQv/ulVitcmReSbD4AZz7H0uw="></latexit>

�0
1

<latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit>

r`x1 =
<latexit sha1_base64="KX49mSewKP4Ym1EUaQT+CLvYxdE="></latexit><latexit sha1_base64="KX49mSewKP4Ym1EUaQT+CLvYxdE="></latexit><latexit sha1_base64="KX49mSewKP4Ym1EUaQT+CLvYxdE="></latexit><latexit sha1_base64="KX49mSewKP4Ym1EUaQT+CLvYxdE="></latexit>

“Backward pass”
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SANITY CHECK

What shape should the output be?

`0 = r` WT
1

rz3`
<latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit><latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit><latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit><latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit>

W>
3

<latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit><latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit><latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit><latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit>

�0
2

<latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit>

W>
2

<latexit sha1_base64="0p4YD/bSCgPKYAGWCAbAcFNfTi0="></latexit><latexit sha1_base64="0p4YD/bSCgPKYAGWCAbAcFNfTi0="></latexit><latexit sha1_base64="0p4YD/bSCgPKYAGWCAbAcFNfTi0="></latexit><latexit sha1_base64="0p4YD/bSCgPKYAGWCAbAcFNfTi0="></latexit>

W>
1

<latexit sha1_base64="4PgQv/ulVitcmReSbD4AZz7H0uw="></latexit><latexit sha1_base64="4PgQv/ulVitcmReSbD4AZz7H0uw="></latexit><latexit sha1_base64="4PgQv/ulVitcmReSbD4AZz7H0uw="></latexit><latexit sha1_base64="4PgQv/ulVitcmReSbD4AZz7H0uw="></latexit>

�0
1

<latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit><latexit sha1_base64="7YNVCIFZZ+nzrIJ2vkn6p9eYlwU="></latexit>

r`x1 =
<latexit sha1_base64="KX49mSewKP4Ym1EUaQT+CLvYxdE="></latexit><latexit sha1_base64="KX49mSewKP4Ym1EUaQT+CLvYxdE="></latexit><latexit sha1_base64="KX49mSewKP4Ym1EUaQT+CLvYxdE="></latexit><latexit sha1_base64="KX49mSewKP4Ym1EUaQT+CLvYxdE="></latexit>

32



INSANITY CHECK:
WHAT ABOUT WEIGHTS?

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>

z1
<latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

z2
<latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit>

y2
<latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

z3
<latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit>

<̀latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit>

loss

Let’s find derivative of loss with respect to    

�1
<latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit>

�2
<latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="v33T+XuR78HxjouGENoq7rvoUIw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="xjoG/9Ods4R6DTb+r3uA/5bk17c="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

rW2` = rW2z2rz2`
<latexit sha1_base64="E00rZAyZcCXe+oypMrExcXVTnA8="></latexit><latexit sha1_base64="E00rZAyZcCXe+oypMrExcXVTnA8="></latexit><latexit sha1_base64="E00rZAyZcCXe+oypMrExcXVTnA8="></latexit><latexit sha1_base64="E00rZAyZcCXe+oypMrExcXVTnA8="></latexit>

@`

@W2
=

@`

@z2

@z2
@W2

<latexit sha1_base64="Ct7yAVKYgZQwRBTq40kHM7hcy7M="></latexit><latexit sha1_base64="Ct7yAVKYgZQwRBTq40kHM7hcy7M="></latexit><latexit sha1_base64="Ct7yAVKYgZQwRBTq40kHM7hcy7M="></latexit><latexit sha1_base64="Ct7yAVKYgZQwRBTq40kHM7hcy7M="></latexit>

Use chain rule
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xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>

z1
<latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

z2
<latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit>

y2
<latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

z3
<latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit>

<̀latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit>

loss

Let’s find derivative of loss with respect to    

derivative
with respect to this

�1
<latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit>

�2
<latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="v33T+XuR78HxjouGENoq7rvoUIw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="xjoG/9Ods4R6DTb+r3uA/5bk17c="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

@`

@z3
<latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

�0
2

<latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit>

34



INSANITY CHECK:
WHAT ABOUT WEIGHTS?

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>

z1
<latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

z2
<latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit>

y2
<latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

z3
<latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit>

<̀latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit>

loss

Let’s find derivative of loss with respect to    

�1
<latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit>

�2
<latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="v33T+XuR78HxjouGENoq7rvoUIw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="xjoG/9Ods4R6DTb+r3uA/5bk17c="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

@`

@z3
<latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit><latexit sha1_base64="cFRYWMCclnypv9+TpSNVSswKUiA="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

�0
2

<latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit>

@z2
@W2

<latexit sha1_base64="LPjO26NGXnu6Kk9QB3Bw/ufqqKY="></latexit><latexit sha1_base64="LPjO26NGXnu6Kk9QB3Bw/ufqqKY="></latexit><latexit sha1_base64="LPjO26NGXnu6Kk9QB3Bw/ufqqKY="></latexit><latexit sha1_base64="LPjO26NGXnu6Kk9QB3Bw/ufqqKY="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>
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INSANITY CHECK:
WHAT ABOUT WEIGHTS?

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>

z1
<latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

z2
<latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit>

y2
<latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

z3
<latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit>

<̀latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit>

loss�1
<latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit>

�2
<latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="v33T+XuR78HxjouGENoq7rvoUIw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="xjoG/9Ods4R6DTb+r3uA/5bk17c="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit>

rz3`
<latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit><latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit><latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit><latexit sha1_base64="yS6hsnWpeVOubduNlyjVtUj1Xlw="></latexit>

W>
3

<latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit><latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit><latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit><latexit sha1_base64="hkM/BwgZ2xqGzFwCMypIXT05TOQ="></latexit>

�0
2

<latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit><latexit sha1_base64="1uSctQBWYCl9WUJQhMgbR11DLec="></latexit>

y>1
<latexit sha1_base64="lciJYYSybBgefV90piycrtiWgjQ="></latexit><latexit sha1_base64="lciJYYSybBgefV90piycrtiWgjQ="></latexit><latexit sha1_base64="lciJYYSybBgefV90piycrtiWgjQ="></latexit><latexit sha1_base64="lciJYYSybBgefV90piycrtiWgjQ="></latexit>

Let’s find gradient of loss with respect to    W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>
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COMPLETE BACKPROP

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

y1
<latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit><latexit sha1_base64="peF4MSTB7udiyp9J4TB25fE/AJs="></latexit>

z1
<latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit><latexit sha1_base64="blsBFogVvdXWHpkZKPN1Z9oUFBc="></latexit>

W1
<latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit><latexit sha1_base64="uZdi6g27aU40eryUCzMESFRw2sc="></latexit>

W2
<latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit><latexit sha1_base64="PTmMZV4Fw9h6kdUbgcPj8OzdpS8="></latexit>

z2
<latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit><latexit sha1_base64="m8xi4rmk3bAmGDQYEiSyyYkIZKc="></latexit>

y2
<latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit><latexit sha1_base64="ZYXkOTBJ2is0W5JhWxpeXaRmZxI="></latexit>

W3
<latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit><latexit sha1_base64="s0Puflq+gz1JUg2p9jakUa3yBko="></latexit>

z3
<latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit><latexit sha1_base64="Yx90pM61wwIGqT91ByGO7bikl3A="></latexit>

<̀latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit><latexit sha1_base64="Xa6XTFdGP/NvcRESCZkFC6JkZ3s="></latexit>

loss�1
<latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit><latexit sha1_base64="nc3t3Bs1YF4L+bLT0wtgoggwpFc="></latexit>

�2
<latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="v33T+XuR78HxjouGENoq7rvoUIw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="SNen2cJxNyBFzxL1p1c7T5gyJiw="></latexit><latexit sha1_base64="xjoG/9Ods4R6DTb+r3uA/5bk17c="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit><latexit sha1_base64="g5KNWNcIuU65AVZgDJYERnEb1jw="></latexit>

rz3`
<latexit sha1_base64="n24/ALBycM385oAYHXDe1qH+oog="></latexit><latexit sha1_base64="n24/ALBycM385oAYHXDe1qH+oog="></latexit><latexit sha1_base64="n24/ALBycM385oAYHXDe1qH+oog="></latexit><latexit sha1_base64="Ge61bU6wWdN8mMbUztW50MNrYIw="></latexit><latexit sha1_base64="RSoDuYKfBTWwCmFE/kF5jj0Uc8M="></latexit><latexit sha1_base64="RSoDuYKfBTWwCmFE/kF5jj0Uc8M="></latexit><latexit sha1_base64="Lm+GpWhc0xFe+rm4LVgYFunaD6Y="></latexit><latexit sha1_base64="n24/ALBycM385oAYHXDe1qH+oog="></latexit><latexit sha1_base64="n24/ALBycM385oAYHXDe1qH+oog="></latexit><latexit sha1_base64="n24/ALBycM385oAYHXDe1qH+oog="></latexit><latexit sha1_base64="n24/ALBycM385oAYHXDe1qH+oog="></latexit><latexit sha1_base64="n24/ALBycM385oAYHXDe1qH+oog="></latexit><latexit sha1_base64="n24/ALBycM385oAYHXDe1qH+oog="></latexit>

rz2` = rz3`W
>
3 �0

2
<latexit sha1_base64="/vHHIYPsELILwYpdMeIDMdgA17M="></latexit><latexit sha1_base64="/vHHIYPsELILwYpdMeIDMdgA17M="></latexit><latexit sha1_base64="/vHHIYPsELILwYpdMeIDMdgA17M="></latexit><latexit sha1_base64="/vHHIYPsELILwYpdMeIDMdgA17M="></latexit>

rW2` = y>1 rz2`
<latexit sha1_base64="vDShYkij0aJXn4k6dIen4W/sYcY="></latexit><latexit sha1_base64="vDShYkij0aJXn4k6dIen4W/sYcY="></latexit><latexit sha1_base64="vDShYkij0aJXn4k6dIen4W/sYcY="></latexit><latexit sha1_base64="vDShYkij0aJXn4k6dIen4W/sYcY="></latexit>

rW3` = y>2 rz3`
<latexit sha1_base64="Wi6nAsQh9c0xREPD9qICOwpLl+0="></latexit><latexit sha1_base64="Wi6nAsQh9c0xREPD9qICOwpLl+0="></latexit><latexit sha1_base64="Wi6nAsQh9c0xREPD9qICOwpLl+0="></latexit><latexit sha1_base64="Wi6nAsQh9c0xREPD9qICOwpLl+0="></latexit>

rz1` = rz3`W
>
3 �0

2W
>
2 �0

1
<latexit sha1_base64="LPxdyXNYBqDFcrlBsAiDVU89HdQ="></latexit><latexit sha1_base64="LPxdyXNYBqDFcrlBsAiDVU89HdQ="></latexit><latexit sha1_base64="LPxdyXNYBqDFcrlBsAiDVU89HdQ="></latexit><latexit sha1_base64="LPxdyXNYBqDFcrlBsAiDVU89HdQ="></latexit>

rW1` = x>
i rz1`

<latexit sha1_base64="EQjhi+PGS6hFM3k1hXhBmj4TooI="></latexit><latexit sha1_base64="EQjhi+PGS6hFM3k1hXhBmj4TooI="></latexit><latexit sha1_base64="EQjhi+PGS6hFM3k1hXhBmj4TooI="></latexit><latexit sha1_base64="EQjhi+PGS6hFM3k1hXhBmj4TooI="></latexit>
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This seem unnecessarily complicated…
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REMEMBER THESE (SIMPLE) RULES?

h(x) = f(Ax)

If

Then

If

Then

h(x) = f(xA)

rh(x) = AT f 0(Ax) rh(x) = f 0(xA)AT
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AUTOGRAD

Linearx

<latexit sha1_base64="iVBDhzQ/C2qpjAOYJm0i4GlIvKw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f6H+NAw==</latexit>

W

<latexit sha1_base64="q2Ip4/6cRX41R4MGUVpOvRSfVAU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqtWavUb/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDtnuM4g==</latexit>

xW

<latexit sha1_base64="Smc+H5HEYboz+O5gIDsgtZEXczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF49V7Ae0oWy2k3bpZhN2N2IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tulytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCKz/jMkkNSrZYFKaCmJjM3iYDrpAZMbGEMsXtrYSNqKLM2HBKNgRv+eVV0rqoerVq7a5WqV/ncRThBE7hHDy4hDrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD5HGjWQ=</latexit>

y

<latexit sha1_base64="IUC95M6Wg9uWetzvhnRmwFBDFLc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsp+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLp3dzvPKHSPJIPJo3RD+lY8hFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZKmmI2s8Wh87IhVWGZBQpW9KQhfp7IqOh1mkY2M6Qmole9ebif14vMaMbP+MyTgxKtlw0SgQxEZl/TYZcITMitYQyxe2thE2ooszYbEo2BG/15XXSvqp6tWqtWavUb/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD6gONBA==</latexit>

def forward(x, W):
return  x@W
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AUTOGRAD

Linearx

<latexit sha1_base64="iVBDhzQ/C2qpjAOYJm0i4GlIvKw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f6H+NAw==</latexit>

W

<latexit sha1_base64="q2Ip4/6cRX41R4MGUVpOvRSfVAU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqtWavUb/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDtnuM4g==</latexit>

xW

<latexit sha1_base64="Smc+H5HEYboz+O5gIDsgtZEXczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF49V7Ae0oWy2k3bpZhN2N2IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tulytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCKz/jMkkNSrZYFKaCmJjM3iYDrpAZMbGEMsXtrYSNqKLM2HBKNgRv+eVV0rqoerVq7a5WqV/ncRThBE7hHDy4hDrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD5HGjWQ=</latexit>

Downstream
y

<latexit sha1_base64="IUC95M6Wg9uWetzvhnRmwFBDFLc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsp+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLp3dzvPKHSPJIPJo3RD+lY8hFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZKmmI2s8Wh87IhVWGZBQpW9KQhfp7IqOh1mkY2M6Qmole9ebif14vMaMbP+MyTgxKtlw0SgQxEZl/TYZcITMitYQyxe2thE2ooszYbEo2BG/15XXSvqp6tWqtWavUb/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD6gONBA==</latexit>

Gradient with respect to input?
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<latexit sha1_base64="cVNMmxGKSAcD9M324gW2dQ3USpA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6QhDA76U2GzM6uM7NiWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOlVgeFKD81T3vFkltxZyDLxMtICTLUesWvTj9iSYjSMEG1bntubLopVYYzgZNCJ9EYUzaiA2xbKmmIupvO7p2QE6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoKrbsplnBiUbL4oSAQxEZk+T/pcITNibAllittbCRtSRZmxERVsCN7iy8ukcVbxLiru3Xmpep3FkYcjOIYyeHAJVbiFGtSBgYBneIU358F5cd6dj3lrzslmDuEPnM8fX4GPiA==</latexit>

`(xW )

<latexit sha1_base64="aXwQtCFRs5yWr0mjKJxVG/b0rUU=">AAACCnicbZC9TsMwFIUdfkv5CzCyGCpEWaoEIWBBqmBhLFLbVGpC5LhOa9VxIttBrarOLLwKCwMIsfIEbLwNbpoBWo5k6dO59+r6niBhVCrL+jYWFpeWV1YLa8X1jc2tbXNntynjVGDSwDGLRStAkjDKSUNRxUgrEQRFASNO0L+Z1J0HIiSNeV0NE+JFqMtpSDFS2vLNA5ejgCF/AF3CWHngnMCrDI8zdu7rvlmyKlYmOA92DiWQq+abX24nxmlEuMIMSdm2rUR5IyQUxYyMi24qSYJwH3VJWyNHEZHeKDtlDI+004FhLPTjCmbu74kRiqQcRoHujJDqydnaxPyv1k5VeOmNKE9SRTieLgpTBlUMJ7nADhUEKzbUgLCg+q8Q95BAWOn0ijoEe/bkeWieVuzzinV3Vqpe53EUwD44BGVggwtQBbegBhoAg0fwDF7Bm/FkvBjvxse0dcHIZ/bAHxmfPwPgmIo=</latexit>

rx`(xW ) = `0(xW )WT

<latexit sha1_base64="DEDpLcKDFJoL+GCbLL+LJ1g86UU=">AAACC3icbVC7TsMwFHV4lvIKMLJYrRBlqRKEgAWpgoWxSG1TqS2R4zqtVceJbAe1irqz8CssDCDEyg+w8Tc4aQZoOZKlc8+5V9f3eBGjUlnWt7G0vLK6tl7YKG5ube/smnv7LRnGApMmDlko2h6ShFFOmooqRtqRICjwGHG80U3qOw9ESBryhppEpBegAac+xUhpyTVLXY48hlwHdgljlbFzAq8gHN830vI4q12zbFWtDHCR2Dkpgxx11/zq9kMcB4QrzJCUHduKVC9BQlHMyLTYjSWJEB6hAeloylFAZC/JbpnCI630oR8K/biCmfp7IkGBlJPA050BUkM576Xif14nVv5lL6E8ihXheLbIjxlUIUyDgX0qCFZsognCguq/QjxEAmGl4yvqEOz5kxdJ67Rqn1etu7Ny7TqPowAOQQlUgA0uQA3cgjpoAgwewTN4BW/Gk/FivBsfs9YlI585AH9gfP4AYVaYtA==</latexit>

rW `(xW ) = xT `0(xW )



AUTOGRAD

Linearx

<latexit sha1_base64="iVBDhzQ/C2qpjAOYJm0i4GlIvKw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f6H+NAw==</latexit>

W

<latexit sha1_base64="q2Ip4/6cRX41R4MGUVpOvRSfVAU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqtWavUb/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDtnuM4g==</latexit>

xW

<latexit sha1_base64="Smc+H5HEYboz+O5gIDsgtZEXczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF49V7Ae0oWy2k3bpZhN2N2IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tulytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCKz/jMkkNSrZYFKaCmJjM3iYDrpAZMbGEMsXtrYSNqKLM2HBKNgRv+eVV0rqoerVq7a5WqV/ncRThBE7hHDy4hDrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD5HGjWQ=</latexit>

y

<latexit sha1_base64="IUC95M6Wg9uWetzvhnRmwFBDFLc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsp+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLp3dzvPKHSPJIPJo3RD+lY8hFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZKmmI2s8Wh87IhVWGZBQpW9KQhfp7IqOh1mkY2M6Qmole9ebif14vMaMbP+MyTgxKtlw0SgQxEZl/TYZcITMitYQyxe2thE2ooszYbEo2BG/15XXSvqp6tWqtWavUb/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD6gONBA==</latexit>

def backward(x, W, grad_ly):

return  grad_lx, grad_lW 

 grad_lx = grad_ly@W.T

def forward(x, W):
return  x@W

 grad_lW = x.T@grad_ly
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<latexit sha1_base64="aXwQtCFRs5yWr0mjKJxVG/b0rUU=">AAACCnicbZC9TsMwFIUdfkv5CzCyGCpEWaoEIWBBqmBhLFLbVGpC5LhOa9VxIttBrarOLLwKCwMIsfIEbLwNbpoBWo5k6dO59+r6niBhVCrL+jYWFpeWV1YLa8X1jc2tbXNntynjVGDSwDGLRStAkjDKSUNRxUgrEQRFASNO0L+Z1J0HIiSNeV0NE+JFqMtpSDFS2vLNA5ejgCF/AF3CWHngnMCrDI8zdu7rvlmyKlYmOA92DiWQq+abX24nxmlEuMIMSdm2rUR5IyQUxYyMi24qSYJwH3VJWyNHEZHeKDtlDI+004FhLPTjCmbu74kRiqQcRoHujJDqydnaxPyv1k5VeOmNKE9SRTieLgpTBlUMJ7nADhUEKzbUgLCg+q8Q95BAWOn0ijoEe/bkeWieVuzzinV3Vqpe53EUwD44BGVggwtQBbegBhoAg0fwDF7Bm/FkvBjvxse0dcHIZ/bAHxmfPwPgmIo=</latexit>

rx`(xW ) = `0(xW )WT

<latexit sha1_base64="DEDpLcKDFJoL+GCbLL+LJ1g86UU=">AAACC3icbVC7TsMwFHV4lvIKMLJYrRBlqRKEgAWpgoWxSG1TqS2R4zqtVceJbAe1irqz8CssDCDEyg+w8Tc4aQZoOZKlc8+5V9f3eBGjUlnWt7G0vLK6tl7YKG5ube/smnv7LRnGApMmDlko2h6ShFFOmooqRtqRICjwGHG80U3qOw9ESBryhppEpBegAac+xUhpyTVLXY48hlwHdgljlbFzAq8gHN830vI4q12zbFWtDHCR2Dkpgxx11/zq9kMcB4QrzJCUHduKVC9BQlHMyLTYjSWJEB6hAeloylFAZC/JbpnCI630oR8K/biCmfp7IkGBlJPA050BUkM576Xif14nVv5lL6E8ihXheLbIjxlUIUyDgX0qCFZsognCguq/QjxEAmGl4yvqEOz5kxdJ67Rqn1etu7Ny7TqPowAOQQlUgA0uQA3cgjpoAgwewTN4BW/Gk/FivBsfs9YlI585AH9gfP4AYVaYtA==</latexit>

rW `(xW ) = xT `0(xW )



CONVOLUTIONAL NETS

Convolution-based template matching
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CONVOLUTIONAL NETS

Regular-old MLP:  

Fancy-schmance convnet :  

conv matrix stencil

y1 = �(xiW1)
<latexit sha1_base64="ceCPur0F4O65g6AOwduILYbmNXA="></latexit><latexit sha1_base64="ceCPur0F4O65g6AOwduILYbmNXA="></latexit><latexit sha1_base64="ceCPur0F4O65g6AOwduILYbmNXA="></latexit><latexit sha1_base64="ceCPur0F4O65g6AOwduILYbmNXA="></latexit>

y1 = �(xiK1) = �(xi ⇤ k1)
<latexit sha1_base64="zc1dpzsI6QMxdYY7h47nSnyOhEQ="></latexit><latexit sha1_base64="zc1dpzsI6QMxdYY7h47nSnyOhEQ="></latexit><latexit sha1_base64="zc1dpzsI6QMxdYY7h47nSnyOhEQ="></latexit><latexit sha1_base64="zc1dpzsI6QMxdYY7h47nSnyOhEQ="></latexit>
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CONVOLUTIONAL NETS

Adjoint of convolution

y = �(�(�(xiK1)K2)K3)
<latexit sha1_base64="n1UmMqk4hW+7EbYWEZ3ndFXEaLM="></latexit><latexit sha1_base64="n1UmMqk4hW+7EbYWEZ3ndFXEaLM="></latexit><latexit sha1_base64="n1UmMqk4hW+7EbYWEZ3ndFXEaLM="></latexit><latexit sha1_base64="n1UmMqk4hW+7EbYWEZ3ndFXEaLM="></latexit>

rz1` = rz3`K
>
3 �0

2K
>
2 �0

1
<latexit sha1_base64="qeaLwwzO7yTTfpUzvknd+pq5f68="></latexit><latexit sha1_base64="qeaLwwzO7yTTfpUzvknd+pq5f68="></latexit><latexit sha1_base64="qeaLwwzO7yTTfpUzvknd+pq5f68="></latexit><latexit sha1_base64="qeaLwwzO7yTTfpUzvknd+pq5f68="></latexit>
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AUTOGRAD

Linearx

<latexit sha1_base64="iVBDhzQ/C2qpjAOYJm0i4GlIvKw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f6H+NAw==</latexit>

W

<latexit sha1_base64="q2Ip4/6cRX41R4MGUVpOvRSfVAU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqtWavUb/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDtnuM4g==</latexit>

xW

<latexit sha1_base64="Smc+H5HEYboz+O5gIDsgtZEXczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF49V7Ae0oWy2k3bpZhN2N2IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tulytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCKz/jMkkNSrZYFKaCmJjM3iYDrpAZMbGEMsXtrYSNqKLM2HBKNgRv+eVV0rqoerVq7a5WqV/ncRThBE7hHDy4hDrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD5HGjWQ=</latexit>

y

<latexit sha1_base64="IUC95M6Wg9uWetzvhnRmwFBDFLc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsp+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLp3dzvPKHSPJIPJo3RD+lY8hFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZKmmI2s8Wh87IhVWGZBQpW9KQhfp7IqOh1mkY2M6Qmole9ebif14vMaMbP+MyTgxKtlw0SgQxEZl/TYZcITMitYQyxe2thE2ooszYbEo2BG/15XXSvqp6tWqtWavUb/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD6gONBA==</latexit>
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<latexit sha1_base64="aXwQtCFRs5yWr0mjKJxVG/b0rUU=">AAACCnicbZC9TsMwFIUdfkv5CzCyGCpEWaoEIWBBqmBhLFLbVGpC5LhOa9VxIttBrarOLLwKCwMIsfIEbLwNbpoBWo5k6dO59+r6niBhVCrL+jYWFpeWV1YLa8X1jc2tbXNntynjVGDSwDGLRStAkjDKSUNRxUgrEQRFASNO0L+Z1J0HIiSNeV0NE+JFqMtpSDFS2vLNA5ejgCF/AF3CWHngnMCrDI8zdu7rvlmyKlYmOA92DiWQq+abX24nxmlEuMIMSdm2rUR5IyQUxYyMi24qSYJwH3VJWyNHEZHeKDtlDI+004FhLPTjCmbu74kRiqQcRoHujJDqydnaxPyv1k5VeOmNKE9SRTieLgpTBlUMJ7nADhUEKzbUgLCg+q8Q95BAWOn0ijoEe/bkeWieVuzzinV3Vqpe53EUwD44BGVggwtQBbegBhoAg0fwDF7Bm/FkvBjvxse0dcHIZ/bAHxmfPwPgmIo=</latexit>

rx`(xW ) = `0(xW )WT

<latexit sha1_base64="DEDpLcKDFJoL+GCbLL+LJ1g86UU=">AAACC3icbVC7TsMwFHV4lvIKMLJYrRBlqRKEgAWpgoWxSG1TqS2R4zqtVceJbAe1irqz8CssDCDEyg+w8Tc4aQZoOZKlc8+5V9f3eBGjUlnWt7G0vLK6tl7YKG5ube/smnv7LRnGApMmDlko2h6ShFFOmooqRtqRICjwGHG80U3qOw9ESBryhppEpBegAac+xUhpyTVLXY48hlwHdgljlbFzAq8gHN830vI4q12zbFWtDHCR2Dkpgxx11/zq9kMcB4QrzJCUHduKVC9BQlHMyLTYjSWJEB6hAeloylFAZC/JbpnCI630oR8K/biCmfp7IkGBlJPA050BUkM576Xif14nVv5lL6E8ihXheLbIjxlUIUyDgX0qCFZsognCguq/QjxEAmGl4yvqEOz5kxdJ67Rqn1etu7Ny7TqPowAOQQlUgA0uQA3cgjpoAgwewTN4BW/Gk/FivBsfs9YlI585AH9gfP4AYVaYtA==</latexit>

rW `(xW ) = xT `0(xW )

Conv
x

<latexit sha1_base64="iVBDhzQ/C2qpjAOYJm0i4GlIvKw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f6H+NAw==</latexit>

y

<latexit sha1_base64="IUC95M6Wg9uWetzvhnRmwFBDFLc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsp+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLp3dzvPKHSPJIPJo3RD+lY8hFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZKmmI2s8Wh87IhVWGZBQpW9KQhfp7IqOh1mkY2M6Qmole9ebif14vMaMbP+MyTgxKtlw0SgQxEZl/TYZcITMitYQyxe2thE2ooszYbEo2BG/15XXSvqp6tWqtWavUb/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD6gONBA==</latexit>

<latexit sha1_base64="mFubqtbOCrHzefqN2PHnpYGRFco=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD1CuM9A==</latexit>

k

<latexit sha1_base64="A0AZUBoXSGSMVlnvdmM83TFfqpM=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1i3ZRERN0IRTdCNxV6gyaGyXTSDp1MwsxEWkrXbnwVNy4UcesTuPNtnKZZaOsPAx//OYcz5/djRqWyrG9jYXFpeWU1t5Zf39jc2jZ3dhsySgQmdRyxSLR8JAmjnNQVVYy0YkFQ6DPS9Ps3k3rzgQhJI15Tw5i4IepyGlCMlLY888DhyGfIG0CHMFYcVE7gVYrHKVfua55ZsEpWKjgPdgYFkKnqmV9OJ8JJSLjCDEnZtq1YuSMkFMWMjPNOIkmMcB91SVsjRyGR7ig9ZQyPtNOBQST04wqm7u+JEQqlHIa+7gyR6snZ2sT8r9ZOVHDpjiiPE0U4ni4KEgZVBCe5wA4VBCs21ICwoPqvEPeQQFjp9PI6BHv25HlonJbs85J1d1YoX2dx5MA+OARFYIMLUAa3oArqAINH8AxewZvxZLwY78bHtHXByGb2wB8Znz/MIZhm</latexit>

rx`(xK) = `0(xK)KT

<latexit sha1_base64="U7QczvZjxC6QMHzs+N8sa7klYiY=">AAACC3icbVC7TsMwFHV4lvIKMLJYrRBlqRKEgAWpgoWxSH1EakLkuG5r1XEi20Gqou4s/AoLAwix8gNs/A1OmgFajmTp3HPu1fU9QcyoVJb1bSwtr6yurZc2yptb2zu75t5+R0aJwKSNIxYJJ0CSMMpJW1HFiBMLgsKAkW4wvsn87gMRkka8pSYx8UI05HRAMVJa8s2Ky1HAkN+FLmGs5oxP4BWEzn0rK4/z2jerVt3KAReJXZAqKND0zS+3H+EkJFxhhqTs2VasvBQJRTEj07KbSBIjPEZD0tOUo5BIL81vmcIjrfThIBL6cQVz9fdEikIpJ2GgO0OkRnLey8T/vF6iBpdeSnmcKMLxbNEgYVBFMAsG9qkgWLGJJggLqv8K8QgJhJWOr6xDsOdPXiSd07p9XrfuzqqN6yKOEjgEFVADNrgADXALmqANMHgEz+AVvBlPxovxbnzMWpeMYuYA/IHx+QMJxph8</latexit>

rW `(Xk) = XT `0(Xk)

<latexit sha1_base64="OzOF8DuKKrw2qHZSGmspU9HAddU=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBZBPJRERD0WvXisYD+gDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3249UaRbLBzNJaCDwULKIEWxy6elsjPpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10HGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiat85p/WfPuL6r1myKOMhzBMZyCD1dQhztoQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AayqN1A==</latexit>

x ⇤ k
<latexit sha1_base64="YZ6DVrX0mxiAppCR5ZtawbjPTSw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi+Clov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aPXBwOO9GWbmBYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqZ+6wGV5rG8N+ME/YgOJA85o8ZKd483pFeuuFV3BvKXeDmpQI56r/zZ7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oQcWaVPwljZkobM1J8TGY20HkeB7YyoGepFbyr+53VSE174GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsv/yXNk6p3VnVvTyu1yzyOIhzAIRyDB+dQg2uoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwD1R+NgA==</latexit>

xK
<latexit sha1_base64="Wv90lX62CumEFU2ZEZE/itwTyVk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00BmTfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDU/42A</latexit>

Xk



CONVOLUTIONAL NETS

K = FHDF

Fk

Adjoint

Stencil

???

Diagonal Adjoint of convolution

rx�i(xKi) = diag(�0
i)K

T
i
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CONVOLUTIONAL NETS

K = FHDF

Fk

Adjoint
K = FHD̄F

Stencil

???

Diagonal Adjoint of convolution

rx�i(xKi) = diag(�0
i)K

T
i
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CONVOLUTIONAL NETS

K = FHDF

Fk

Adjoint
K = FHD̄F

Fflip(k)

Stencil

Stencil

Diagonal Adjoint of convolution

rx�i(xKi) = diag(�0
i)K

T
i
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