(Very) Basics on Optimization

Optimization:

W, = argmin/maxy, f(W)

How to solve the unconstraint optimization problem?

af(w) _

Solve: =0
dWw

df (W)
Gradient Descent: W® = w1 — (-1 T lw=w(D
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A simple unconstrained example

Example:

W, = argminy f(W) = ||X — WH||?

Solve: df (W) _ d||X — WH]||z _

dWw dWw 0
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A simple unconstrained example

IX —WH||z = tr[(X - WH)" (X — WH))]
=tr[XTX — (WH)'X — XT(WH) + (WH)"WH]
= tr[XTX] — 2tr[( WH)TX] + tr[WHHTWT]

= tr[XTX] — 2tr[XH"WT] + tr[WHHTWT]

detr[XH'WT] dtr[WHHTWT]
= XH"
aw dW

= WHH"

d||X — WH||?
| Y ”F=—2XHT+2WHHT=O=>W=XHT(HHT)‘1
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A simple unconstrained example

Example:
W, = argminy f(W) = ||X — WHI|?

Gradient Descent:
wt = wt-1) _

w® = w0 — 3D 2xHT + 2WE-VHHT)
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Optimization with constraints

Optimization problem:
w, = argmin/max,, f(w)
subject to g(w) =0

How to solve the constraint optimization problem?
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A simple constrained example

Solve: T
w, = arg max, w' Aw

subject tow'w —1 =0
Formulate the Lagrangrian :

Liw,2) =wldw — A(wlw - 1)

dL(w, A1)
Solve: — —
W 0=>Aw = Aw
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