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Steepest Gradient Descent for Quadratic Optimization

For any symmetric positive definite matrix A and vector b:

1
min  f(z)=-a' Az —b'x
xER? 2

with an initial point x.
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Steepest Gradient Descent for Quadratic Optimization

For any symmetric positive definite matrix A and vector b:

: L+ T
iy f(a:)zéw Ax —b x
with an initial point x.

® Gradient (first-order derivative of f(xy)):

® Decision vector x is updated by

Tp+1 = T — Qg gy

step size (unknown)
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Steepest Gradient Descent
Quadratic optimization:

: L T T
— 2T Az —
min f(x) 5T Az b x

Rewrite the objective function:

= f(xr1) = flzr — argy)

1
= 5(% — angy) Az — argy) — b' (T, — ougy,)
1 . 1
= 50413;91:1491@ — Ofkg;qrAmk + Oék:ngk + ?UZA% —b'xy,

[ J/

cor:s,tant
1
= —al g} Ag, —org, (Axz; — b) +constant
2 T — —_———
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Steepest Gradient Descent

Optimize step size ay:

1

min  p(ayg) = —ai ngAgk -y, gggk
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Steepest Gradient Descent

Optimize step size ay:

1

min = p(ag) = §aé ngAgk —Qy gl;l:—gk
o N~—— N——"

>0 >0

® The optimal ay:
dp(ak)
dOék

=0 (first-order derivative is zero)

= .9, Ag, — 9.9, =0

Qggk

= O =
ngAgk




Steepest Gradient Descent

Quadratic optimization:

1

. _ Tl T
min f(a:)—2:c Az —b' x
/\ The update equations:
g, =Ax,—b (gradient)
T

9 9k :

ap = (step size)
ngAgk;

Tp1 = T — g, (decision vector)

with an initial point x.
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Steepest Gradient Descent for Quadratic Optimization

X2

Orthogonal gradients

glzgk—kl =0

} T




Steepest Gradient Descent for Quadratic Optimization

T T
9k 9r11

= gg (Axzyiy — b)

T




Steepest Gradient Descent for Quadratic Optimization

T T
9k 9r11

| :Qg(AwkH —b)
=g (A(m; — cgy,) — b)
» ((Ami — b) — ar Agy)

T




Steepest Gradient Descent for Quadratic Optimization

T T
9k 9r11

:Qg(AwkH - b)

| =g} (A(zi — ag,) — b)

+ ((Azy — b) — oy, Ag))
kT akAQk)

T




Steepest Gradient Descent for Quadratic Optimization
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Decision variable

Steepest Gradient Descent for Quadratic Optimization
min xTAz—b'z  with A [4 1} and b— H
xER2 2
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Thanks for your attention!

About me:
A Homepage: https://xinychen.github.io
N How to reach me: chenxy3460gmail .com


https://xinychen.github.io
chenxy346@gmail.com

