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LEARNING OUTCOMES

06

* Understanding Backpropagation.

* Understanding The Second Derivative.
* Understanding Newtons Method

* Understanding The Hessian.

* Understanding Newton’s Method for Two Variables.
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The velocity (v) is the rate of change of the distance in respect to the time, if X is the distance and t is the time,

then the velocity (speed) = — = f'(X)

The acceleration (a) is the rate of change of the velocity in respect to the time, if v is the velocity and t is the

dv dx d d?x '
time. then the acceleration (a) = — , since UV = — , the A = — [—] = — = X) the second
’ @ dt ’ dt ’ dt | dt dt f ( )

derivative of (x)
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Acceleration is any process

where the velocity changes.

Sincevelocity is a speed and a

-
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ways to accelerate: change in
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The Second Derivative gives

a measure of the amount by

t(h) which a curve deviates from

a(km/h*)

0 | being a straight line. This is
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Why the second derivative is important in optimization?

The second derivative determine the maximum and minimum of the points, the points of derivative zero are

the candidates for maximum or minimum, but we don't know if their maximum or minimum, but the second

derivative does.
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Newton’s Method Newton’s Method for Optimization
Goal: Find the Zero of f(x) Goal: Find the Zero of g'(x)
f(x) = g'(x) fi(x)-g"(x)
1. Start with initial value of x, 1. Start with initial value of x;,
2. Update to xj,qusing: 2. Update to xj_ qusing:
X — x f (xk) X x g '(x k)
k+1 — Ak — k+1 — Ak —
fr(xk) f g”(xk)

3. Repeat step (2) until finding the root 3. Repeat step (2) until finding the root
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Minimum: x* = 0.5671
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. \ Known as the Omega constant ({2)
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Minimum: x* = 0.5671 fx),
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Minimum: x* = 0.5671
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x ("4
fx(X,¥) Leibniz's | Lagrange’s
> 4x —y < notation | notation
X
y Rate of change 62 f
X, of f'x(x,y) with S X,
fx( y) fxy (x: y) ~» —71 respecttox dx? fxx( y)
(x,y) = 2x% + 3v% — x Rate of change 92
flxy y oA = of £, (x, y) with _]; fyy (X,
y X > —1 respecttoy ay
Rate of change 2
fy(x: y) fyx (x,¥) of f',(x,y) with il fxy (x,y)
> 6}7 — X — respecttoy Bxay
y Rate of change aZf
of ', (x,y) with frx(x,¥)
fyy(x; y) > 6 respél:t tox ayax -
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One Variable Two Variable

Function f(x) f(x,y)

f(x,y) Rate of change w.r.t. x
[y(x,y) Rate of change w.r.t. y

(2 )
v/ = [fy (x,7)

f" (x) Rate of change of the rate H(x,y) = fax(xY)  fay(x, J’)‘
of change f () Y T ) fyy(x,y)

First Derivative  f'(x) Rate of change of f(x)

Second Derivative
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Newton’s Method for One Variables

ot = x, — g'(xy)
k+1 k rr(xk)
Xp41 = X — ”(xk) (xk)

Newton’s Method for Two Variables / \

;ﬂﬂ - \ ] H™ ' (xp, ¥1) X VF (X, Y1)

yeor) = [l -

FaxXi Vi) Fay Xk Vi) - y [x(Xk, Vi)
fyx(xkryk) fyy(xkryk) fy(xkryk)
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flx,y) = x* + 0.8y + 4x* + 2y* — xy — 0.2x%y

X
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flx,y) = x* + 0.8y + 4x* + 2y* — xy — 0.2x%y

4x3 +8x—vy — 0.4x
W@ﬁ=[ y y]

3.2y + 4y — x — 0. 2x>

12x>+8—-10.4 —1—-0.4x
H@w=[ d ]

—1—0.4x 9.6y% + 4
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f(x,y) =x* +0.8y" + 4x* + 2y* —xy — 0.2x*y  Startat [xo] - [4]
Yo 4

w1 | 4N _[277.6 _[198.4 -2.6
u::ri Y RN Vi) [213.6 HED =56 157.6]
600
g s x:l] _ [4] B [193.4 -2.617" [277.6

yi 14l 1-2.6 157.6 213.6
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_ LA 4 2 2 oy 2 X11 _[2.58
f(x,y) =x*+0.8y" +4x“ + 2y —xy —0.2x°y  Next 3’1]_[2.61]

_ P 84.25

- ' Vf(2.58,2.61) =

mﬁ T 634

so N | | | “I‘ N 86.83 —-2.032
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! 4 2 2 oy 2 X271 11.59
f(x,y) =x*+0.8y" +4x“ + 2y —xy —0.2x°y  Next J’zl_ll.ﬁ'?]

12
10
80 k

800

Repeat until you are close enough to the actual zero

400 [t will take up eight steps to reach the minimum value
200

xa] _| 4.15 10-17‘ - [0]
Vs -2.0510717] " 10
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