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Convexity w.r.t. Generalized Inequality

Generalized Inequality:
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Convex Optimization with Generalized Inequality Constraints:

Ordinary convex optimization problem

minimize [f,(x)

subject to fi(z) <0, i=1,2,...,m
G.’B:h 7

- If we allow the constraint functions to be vector valued: % 7 R /7
. (
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minimize [f,(x) \L
subject to fi(x) 2k, 0, i=1,2,....m
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Convex Optimization with Generalized Inequality Constraints
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Convex Optimization with Generalized Inequality Constraints:

Properties and Interpretation
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Conic Form Problems

In convex Optimization with Generalized Inequality Constraints, if we consider

e  Objective function: Affine (or linear)
e Inequality constraints: Affine

minimize &g
subject to 4ix —b; Xk, 0, i=1,2,...,m
Gx =h

!

Conic Form Problem or Conic Optimization Problem or Conic Program (CP)

- Conic form problems; generalization of LP

- The cones which we have a tractable conic optimization are of three basic types.

e K - Non-negative orthant e K - Quadratic, e K - Positive semidefinite
Second-order
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Conic Form Problems

: r—b; <. . — b, <
e K; - Non-negative orthant A =bi 2, 0 — A =520
- Component-wise inequality

- Linear inequality constraints - half-spaces

- Conic optimization problem becomes a linear program

e K - Quadratic, Second-order Formulation of second-order
constraint as conic constraint:

- We have SOCP
|Az + bl < Tz +d AeRM™

Cq/w'v va ‘erf(#}

(Az +b,clz+d) = 0

minimize fra e

subject to |4,z + bl < cfz+d; i=1,2,...,m
Gz =h

—(Az +b,c’'z+d) X 0
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Semidefinite Program (SDP)

e K - Positive semidefinite

- Conic optimization problem is referred to as Semidefinite Program (SDP)

Trnequaliy (LMT)
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Semidefinite Program (SDP)

Formulation:

minimize X g
subject to Ai(x) — B; <0, i=1,2,....,m
Gx=h

Notes:

e If matrices defining any LMI, the LMI reduces to a linear inequality con-
straint (half-space).

e Multiple LMI constraints can be formulated as a single LMI.

Aiflz)— B; 30, i=12,....m — diag(Al(x)—Bl,Ag(a:)—Bg,...,Am(m)—Bm)<O

Block Diagonal Matrix
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Semidefinite Program (SDP)

SOCP as SDP:
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Semidefinite Program (SDP)

SOCP as SDP:

SOC

as LMI:

-

L

|Az + 0|2 < cl'z+d

e'n+d (A’L*E)
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A +b cA+d

e LUMS

A Not-for

-Profit Uni

T

_

a

A e Rk:Xn

O

el <t
____[___i_7:_:_-_-_-__"1:1___ (t
U IIE' ‘2 . = ?/: o
B X 417,
L %a! t{ L

4
=) 7k—r?( < T
I, <t




Big Picture: Connecting the Dots

Convex Optimization with Generalized Inequality Constraints
/\ minimaize fo (m)
SDP . .
/ m H subject to fi(x) 2k, 0, i=1,2,....m
[ m W =
III .'f m
|| | m
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Conic Form Problem or Conic Program (CP) Generalization of LP

LP .
__ __ subject to A —b; 2k, 0, i=1,2,...,m
— Gx = h
e K - Non-negative orthant e K - Second-order e K - Positive semidefinite
e LP * SOCP e SDP

* QCQP * SOCP
© QP » QCQP
° LP ° QP
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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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