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Summary

Primal Optimization problem

minimize [f,(x)
subject to fi(z) <0, i=1,2,...,m
hi(x) =0, ,7=1,2,...,p
affine in (A, p)

Lagrangian: [,(z, \, ;1) = f,(x) + Z Aifi(zx) + Z pih;(z)
i=1 j=1

Lagrange Dual Function: concave 11 ()\a N)

g\ p) = inf fo(w)+ ) Nifi(w) + ) pihy(x)
i=1 j=1

Lower bound on the optimal value of the primal problem:

gApu) <p*, A=0

Q: What is the best lower bound?
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Lagrange Dual Problem nop”
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Formulation: X * %) 1
maximize g\, ) _ 4
subject to A =10 / \
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Duality Gap

_ ConViex /Nom CLoNVex

D e Pro blewn

_ Coy\V{ X

X
14 fiA |
= JMAL‘4J 3”‘[’3 O
S‘f&oﬁj D‘A”\L""lg



Duality Gap
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Slater’s Condition (Slater’s Theorem)

For convex optimization problem: minimize f, ($)
subject to fi(x) <0, i=1,2,....m
Axr =0b

g+un2 DMHJ holds ¢ E; % € selint D sueh ik
| :Arx_; b 7(5("7 <0, (=12,

x I+t SIMF Z mmeans 3 S’/’}Uc:/'ej fCﬂS"_A/& * € relint D
V. For AFFINE f' we oﬂ/? &a?}w%e, {MS?L’@, x’, 7€; C’L)éo
X FO)L a -fj(me, ConS+M"+5 S4M7 J“"LTj —holds
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Example: Lagrange Dual Problem for LP

Primal Optimization problem wwnimmize C,T')t

Sul:d‘edts Ai;g F
X /7

Lagrange Dual Function:

T _—
g p) o] KB e AR

Strong Duality Holds:

—0 Oﬂ()z,w‘:.sL F%:‘ OL*

Lagrange Dual Problem:
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Example: Least-squares

Pxm
Primal Optimization problem A € R
MMINImMiZe ‘)LT‘)L < LCaS"' No AL w
- Si a.f E—S"’imm”"on
Su b() ed s Ax= b (71»

Lagrangian:

Ll p) = s plAt)

Dual Function:

g(/i); inf I-CX) fL)
- uf ()
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Example: Least-squares
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Lagrange Dual Problem:
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Summary

Primal Optimization problem

Lagrange Dual Problem:

minimize f, (%) maximize g(A\, )

subject to fi(z) <0, i=1,2,....,m
hj(z)=0, ,j=12,...,p

subject to A = 0

Best Lower bound on the optimal value of the primal problem:

g(Ax, ux) =d* < p*

DualityGap: p" — d”

e Weak Duality, d* < p*

e Strong Duality, p* = d*

e Slater’s condition establishes for strong duality
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Feedback: Questions or Comments?

Email: zubair.khalid@lums.edu.pk

Slides available at: https://www.zubairkhalid.org/ee563 2020.html
(Let me know should you need latex source)
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