Gradient descent



Back propagation

Input layer 1
layer

A — —r

s T F T,

RIS
Bl o A e | %
eSS NS

A 7 St

Al
et
AL ESRNS
AT P S S
7 Z>ESIRN
et e N AN N
Pl — o

%

Each epoch: input = output
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Gradient descent

Cost

W

-Back propagation: learning = how? By gradient descent algorithm!
- Let’s find a minimum cost!




Gradient descent

6 =60 —nvj(6)

0: parameter set of the model
n: learning rate ...
J(0): Loss function
V: gradient — derivative

Cost
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Gradient descent

-Batch gradient descent
Calculate parameters of gradient for whole training dataset

- Nead a lot of memory
—> Calculation of gradient is too slow



Stochastic Gradient Descent (SGD)

-Calculate gradient for one sample of whole training dataset,
rather than the whole training dataset (batch).

-Stochastic since the gradient is not deterministic, but stochastic depending

on the mini batch.

-Faster, while converging similar.
-prone to local minima

Batch Gradient Descent
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Stochastic Gradient Descent

Mini-Batch Gradient Descent



Local minima

Global Minimum
( Best One)

—» Local
Minimum

» YA




Mini-Batch Gradient Descent
-Calculate gradient for small chunk (mini-batch > 1) of whole training dataset

-Stochastic since the gradient is not deterministic, but stochastic depending
on the mini batch.

-Faster, while converging similar.
-avoid local minima

Batch Gradient Descent Stochastic Gradient Descent Mini-Batch Gradient Descent
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Inertia




Momentum

Gradient
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Momentum

0:parameter set of the model
n:learning rate '
J(0): Loss function :.

V: gradient — derivative ;|

Vs current velocity (graﬂient descent)
YVs_q1: previous velocity * weight



Momentum

v

-Limitation: cannot proceed at the saddle point (very low momentum ~ 0)



Momentum

Global Minimum
( Best One)

—»p Local
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-Limitation: stuck at the local minimum



Nesterov Accelerated Gradient (NAG)

0 =0 — Ut
v = YVs—1 + Ve J (0 — yvi_1])

Momentum update Nesterov momentuyn update
“lookahead” gradient
step (bit different than
momentum momentum original)

step step

actual step
actual step

=

gradient
step

-Another step after “momentum” step - seek more from the saddle point



Momentum
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Nesterov Accelerated Gradient (NAG)

9 — (9 — Ut
v = YUi_hh +nVeJ (0 — yvi_1)

-Many weights for each parameter - same step (gradient)
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Adaptive Gradient (Adagrad)

n
0, « =0 - VoJ (0

Gy = Geq + (V@J(@t))2

-Bigger step for small gradient in the past

-Smaller step for bigger gradient in the past
-Limitation: G will keep increasing - divergent (infinite) - gradient > 0




Adaptive Gradient (Adagrad)

7
0 — @ - VoJ(0
t+1 \/ T e 0 (t)

Bigger gradient:
Gt — Gt—l —|— (V@J(@t))Q _’ Root§1/square)
next time
_ _

Past gradient — New gradient



RMSProp

7
v =X, - VoJ(0
t+1 \/Gt—l—e 0 (t)

G = ’)’Cjt—1 + (1 — )

-v: 0 ~ 1 (weight for past G vs current factor
-G(t-1): summation until now * [lower than 1] + current factor * [lower than 1]
- Never divergent into infinite

VQJ(Ht))2




RMSProp
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-Mathematically awkward - unit does not match



AdaDelta L

----------------------------------------

-Match the unit



AdaDelta

-Match the unit
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Adaptive Moment Estimation (ADAM) \V4 0 J ( Ht)
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Nesterov ADAM (Nadam)

Nesterov Accelerated Gradient (NAG)
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-ADAM momentum =2 NAG



Nesterov ADAM (Nadam)

Nesterov Accelerated Gradient (NAG) : g = Vg, J(0;}
9 o Q_Ut ......................... /mt - ﬂymt-l + ngt
= Y1 + VS0 — qve_1)i Or+1 = 0y — (ymu + ngt)
Momentum update Nesterov momentum update 4 —_—

L |
Ikhdgdt:

step (bit different than
; : P - :  -To avoid duplicate momentum
: = Current momentum
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Gradient Descent simulation

SGD
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Adadelta
Rmsprop




Gradient Descent simulation

. SGD

- Momentum

- NAG
- Adagrad

Adadelta
-  Rmsprop




Gradient Descent simulation




Gradient Descent usage

optimizer = optim.SGD(model.parameters(), 1lr = 0.01, momentum=0.9)

torch.optim.Adam(params, Ir=0.001, betas=(0.9, 0.999), eps=1e-08, weight _decay=0, amsgrad=False, *,
foreach=None, maximize=False, capturable=False, differentiable=False, fused=None,
decoupled_weight_decay=False)






