Review of duality so far

e LP/QP duality, cone duality, set duality
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LP/QP objective
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Dual functions

Arbitrary function F(x)
Dual is F*(y) = sor (xg- FO)
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Fenchel's inequality \.~
F‘.C%B = fr‘(']-’ F*(‘\;J) 6,7,:.—1: (a\

+ FX(y) = sup, [XTy - F(9)] = 75— 70

—_—

Vx,g, Fxla) 4—F(>c}—\<f\(j = O? j{ "
e S .

*
g,
—
wnal Sy Pt

\oo-.a-/‘A
oN é ( ‘*)




Duality and subgradients
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— '~ Duality examples
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More examples
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Indicator functions

e Recall: for a set S,

s(X) = O & xed
T oo & xS

* E.g., I 4y(X): | \




Duals of indicators
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* F(x) 2 G(x) F*(y) ¢ G*(y)
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Working with dual functions
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Working with dual functions
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An odd-looking operation

e Definition: infimal convolution
(F af)() = it (F (&) + 7 (L))
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Infimal convolution example
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Dual of infimal convolution

* G(x) = F1(X) O F5(x)
o G*(y) = 5\,,, y - - ~ (F () + £,(0))

_ S}?/ o (g = F (<) - &.(0)

= \’ﬂ*(‘a\ + F.LV (‘6)
e G(X)=F,(X) + F(x) G*y)=F (g OF(y)



\

* - op\’

Convex program duality
g—| j; Cont¥
: e=sitle
e min f(x) s.t. for emivle
Ax = b g7 (b)) =0
- - . cax) ¢o i =20
gi(x) <0 e | =4 )
(< TalX
19 [‘%’K\)) () = £6AT Y (At v 2
_ L%y %)
U S O €3 BN s L(x,q,2) > AL L(,cla,z) = L(a,z)
Leas ¥ fees ¥ X

DJ&\ ()('D\D'- wra Y Ll'al_t) <,+. =2 > O



	Review of duality so far
	Set duality
	Set duality
	LP/QP objective
	Dual functions
	Fenchel’s inequality
	Duality and subgradients
	
	Duality examples
	More examples
	Indicator functions
	Duals of indicators
	Properties
	Working with dual functions
	Working with dual functions
	An odd-looking operation
	Infimal convolution example
	Dual of infimal convolution
	Convex program duality
	Duality example
	
	Dual function
	Dual function
	END
	CP duality w/ cone constraints
	Ex: 2nd order cone program
	Duality of norms
	Dual norm examples
	Dual norm examples
	Dual norm examples
	Cuboctahedron
	||y||* is a norm
	Dual-norm balls
	Multi-criterion optimization
	Buying the perfect car
	Pareto optimality
	Pareto examples
	Scalarization
	END
	***Epigraph representation
	Convex program duality
	Example: cone programs
	Example: SVM duality
	Example: QP duality



