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1. Introduction

Formulation: One of the most critical processes to conduct a
project. |

min fy(x)

s.t. fi(x)<0i=1,..,m

h;(x) =0i=1,...,p (Ax = b Affine set)

X €ER™

Dfo fO: R™ > R

D¢, fi:R" > R

Dhi hi: R™ > R

for fir -+, fm are convex
D =Nj—g,m Df Ni=0,p Dp, Domain of functions, but not the
feasible set.
Feasible Set: The set which satisfies the constraints (is convex
for convex problems).

1.1 Introduction: Eliminating Equality Constraints
v | Ta_
min fo(x) X A’i’iﬁ i i(/‘g( 1’6{;—(/ 9ZO§
s.t. fi(x)<0i=1,.,.m
Ax=Db (]’M;&Mﬂb& 7,4;224,«0@7% rald M)
a. Convert {x|Ax = b} to {Fz + x|z € R¥} /A\XJ: }9

b. We have a equivalent probiem \/
h :’FZ + X e

min fy(Fz + xg)
s.t. fi(Fz+x5) <0

n c 1 _’0
F o= ! | AZ__
N @ i)”*”g_ 7F pn



1.2 Introduction: Slack Variables

min f,(x)
s.t. ;(x)<0,i=1,..,m
Ax=0»b

Add slack variables to convert to an equivalent problem
a. Convert the objective function with variable ¢
min t
s.t.fo(x)—t<0
fix)<0,i=1,..,m

ATx=b
b. Convert the inequality with variables s;
min fo(x)
s.t.fi(x)+s;=0
ATx=b

Sl E R+,i = 1, ...,m

1.3 Introduction: Absolute values and Softmax

a. Absolute values

i< b
= fi(x) < band
—fi(x) <b

b. Maximum values

max{fi, f2, ., fm}

Softmax: ilog (e*1 + %1 4 ... 4 efm)

Example: max{1,5, 10, 2, 3} = Softmax
1
Elog(e“ + e>% + e10%  o2¢ § g30) » 10



2.1 Optimality Conditions: Local vs. Global Optima

Definition: Local Optima

Given a convex optimization problem and a point X € R™

If there existsar > 0

s.t. fy(z) = fo(%) for all z € Feasible Set,and ||z — %[, <
Then ¥ is a local optimum. e
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2.2 Optimality Conditions

Theorem: Given a convex opt. problem

If % is a local optimum, then X is a global optimum
Proof: By contradiction

Suppose that 3y € Feasible Set

s.t. fo(%) > fo(¥)
We have f,(X) > (1 0)fo (%) + 0fy(¥) (by assumption) T

— 0)x + 0y)(f, is convex) T
/ Y( And (1 - 6)x + Hy is feasible (Feasible set is convex) o

The inequality contradicts to the assumption of local optima.










