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Part 1 — Introduction

e Motivation:
Many communication Convex optimization

problems problems

« Convex optimization:
- Minimize convex objective function
- Optimal solutions
—> Efficient calculation

e Applications:
—> Optimization concepts used in engineering
(Lagrangian duality, SDP relaxation method, etc.)
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Part 2 — Background
Basic Concepts (1/2)

e Convex sets:
x+(1-60)yeS, VOe[0l]andx,yeS
e.g.: The unit ball, S = {X‘ ||X|| Sl}

e Convex cones:
—> Special convex set closed under positive scaling
- E.g.: Nonnegative orthant, SOC, etc.

e Convex functions:

f(x+(1-0)y)<& (x)+(L-0)T(y), VOe[0]]
eg.: f(X)=x] 1
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Part 2 — Background
Basic Concepts (2/2)

« Convex optimization problems:

Requirements for convexity

minimize /f,(X

Affine
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Part 2 — Backqground
Properties (1/2)

e Lagrangian Duality:

minimize f,(X)
subjectto f.(x) <0, |_:1,2,...,m, Primal optimization
hj(X)=O, ]=12,...,r1, problem

XeS

maximize g(4,v)

) = Dual Optimization
subjectto 1>0,veR’ problem

g(4,0) = misn L(x,4,0)

L(x,4,0) = fo(x)+_zm:2f, f. (X) +Zr:ujhj(x)
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Part 2 — Background
Properties (2/2)

o Karush-Kuhn-Tucker (KKT) Condition:

Local optimality condition

s> Primal feasibility of x*
hJ(x ):O, Vi=12,...,r
A >0, s Dyl feasibility

A1(x)=0, Vi=12,...,m: === Primal and dual feasibility
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Part 3 — Applications
Conic Programming (1/3)

« Downlink Beamforming Problem:

K
o ..
‘e\?}*@\\ minimize Z_;tr(Bi)
<OF d
- K " subjectto  tr(H;B,)—y > tr(H,B;)>y.0’
minimize " |w| i
= : B, =0, B, iscomplex Hermitian
_ hw] _
subject to > > A, Vi
/ZM hini‘ +0° minimize 7
Not convex!
: h"W| .
subject to /1+ihini2 L, Vi

3w, <
j=1
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Part 3 — Applications
Conic Programming (2/3)

 Uplink-Downlink Duality:

Downlink Uplink

K 2

minimize W. . < )
JZ:;H JH maximize jz_llﬂf,a

— )
. ‘thwl‘z . K 1

subject to —7 24, Vi subjectto > Ahh +1=|1+=|Lhhf
Z,-ii h'w| +o = 7i

Not convex!
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Part 3 — Applications

Conic Programming (3/3)

 Capacity Region Duality:

Broadcast channel

Multiple-access channel

k=1

) .
maximize >y log 1
(S

K
subjectto Y tr(S;)<p;, ;=0

1=
Not convex!

‘ZI_H S.H, +|‘

k=1

maximize u, log
>m ‘ CHPSH, +|‘

S — K R R

subjectto Y tr(S;)< p;, S;=0

University of British Columbia

Presenter: Serhat Erkicik




CTG Reading Group: Convex Optimization for Communications March 28, 2008

Part 3 — Applications

SDP Relaxations

e Two Examples:
- Eg-1: Multiuser Detection
- Eg-2: Multicast Beamforming

- Problem formulation: Nonconvex!
- Use SDP relaxations (Refer to Slide-8)

Robust Optimization

|deal case Corrupted by noise
min_imize f, (X) | min_imize max_, f,(X;9) |
subjectto  f.(x)<0, i=12,...,m subjectto  f.(x;0)<0,VoeA, 1=12,....m
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Summary

« Convex optimization: Powerful tool in engineering
» Helpful concepts: Duality, SDP relaxation

 Open problems: Lots!

Further reading:
S. Boyd and L. Vandenberghe, Convex Optimization. Cambridge, U.K.: Cambridge Univ. Press, 2004.
(also freely available online)
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