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Visualizing the Gradient (2D)

J(w)

Gradient at W, is the vector
perpendincular to the contour
(tangent line in 2D) pointing uphill

\ Negative Gradient Direction
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Moving to 3D Landscapes

Cost Function with Two
Parameters

Gradient points to the steepest
descent direction from any point

point (w1, w>)




The Cost Function Surface

Starting Point
] (Wl ; Wz) / g

Gradient Descent Path




Understanding Contours and Gradients

Steepness in 3D
with the contour
spacings in 2D
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Iterative Path in 3D and Projection

Optimization path shown
on the cost surface and its

2D projection




SGD: The Base Optimizer

Starting Point
(High Loss)

Noisy Steps
(High Variance)

Global Minimum
(Target)




SGD without momentum SGD with momentum

U=SI(=>




Case where gradient is “bad”?



Gradient Descent Paths on Quadratic Loss (New Hessian for Clear Zigzags)
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Too low Just right Too high

1(8) 1(8) 1(6)
a
0 7,
A small learning rate The optimal learning Too large of a learning rate
requires many updates rate swiftly reaches the causes drastic updates
befqre reaching the minimum point which fead to divergent
minimum point
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How to resolve that?






Algorithm 1: Adam, our proposed algorithm for stochastic optimization. See section 2 for details,
and for a slightly more efficient (but less clear) order of computation. g? indicates the elementwise
square g; ® g;. Good default settings for the tested machine learning problems are @ = 0.001,
B1 = 0.9, B> = 0.999 and ¢ = 10~°. All operations on vectors are element-wise. With 3¢ and 3%
we denote 3, and 35 to the power ¢.

Require: o: Stepsize
Require: (3,3 € [0,1): Exponential decay rates for the moment estimates
Require: f(6): Stochastic objective function with parameters 6
Require: 0,: Initial parameter vector
mo < 0 (Initialize 1*' moment vector)
vo < 0 (Initialize 2"9 moment vector)
t < 0 (Imtialize timestep)
while 6; not converged do
t—t+1
g: < Vg fi(0:—1) (Get gradients w.r.t. stochastic objective at timestep t)
my < 81 -my_1 + (1 — B1) - g+ (Update biased first moment estimate)
Ve ¢ B2 vi_1 4+ (1 — o) - gtz (Update biased second raw moment estimate)
my < my /(1 — %) (Compute bias-corrected first moment estimate)
vt < v¢/(1 — %) (Compute bias-corrected second raw moment estimate)
0y < 0;_ 1 —a-my/ (v/0; + €) (Update parameters)
end while
return 6, (Resulting parameters)




Issue with Adam?



Memory! How to resolve?



Algorithm 2 Adam for a matrix parameter X with factored
second moments and first moment decay parameter 3; = 0.

1: Inputs: initial point X, € R™*™, step sizes {oy }{_1,
second moment decay 35, regularization constant ¢
Initialize BRop = 0 and Cy = 0
: fort =1toT do

Gy = Vfi(Xi-1)

Ry = BoRi_1 + (1 — B2)(G?)1,,

Cy = 201 + (1 — B2)1,) (G?)

Vi = (R:Ce/1, Ry)/(1 —Aﬂé)

X =Xp1 — ath/(\/Vt + €)
end for
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Optimization for Better
Generalization?






Test |loss
Train loss A -« '

Flat Sharp
minimum minimum
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Aware Minimization (SAM) problem:

min L3AM (w) + A||w||2  where  L34M (q )ﬁllnﬁaﬁ Ls(w + €), (1)
w Ellp>=P
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Aware Minimization (SAM) problem:

min LM (w) 4+ M|w||3  where LM (w) £ ||£I|l|a}<(p Lg(w + €), (1)

Remind you of anything?



Thank you!
See you Monday!



