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Optimization Technique



Optimization Problems

« General problem: nonlinear programming
Find x

Minimize  f(x)
Subjectto  g;(x) =0 i=1,...m
hi(x) =0 j=1,..,p

f,gi,h;j . general functions of the parameter x € R"

Nonlinear programs

Convex programs

Linear programs

Linear
integer Integer programs
programs




Optimization Problems

Nonlinear program  nonlinear  nonlinear nonllnear

Convex program convex concave linear R™
Linear Program linear linear linear R™
Integer Program nonlinear nonlinear nonlinear "
Linear Integer Linear linear linear n
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Optimization Problems

« Car manufacturing problem

— Car model A, B
Car Assembly Finishing Profit
A 4 h 6 h 400 $
B 6 h 3h 300 $

— Supply Constraints
Available assembly time: 720 h
Avalilable finishing time: 480 h

— Demand Constraints
A : 20 Cf OfAt
B:30LCH O|&
> Z|C profit 2 9et model A, B 2| 4 AF CH==2



Optimization Problems

« Diet problem



Convex Function

Convex combination

Given two points x,y € R",
a convex combination is any point of the form
z=Ax+ ({1 -2y, AeER'and 0<1<1

Convex set

A set S € R™ is convex, If it contains all convex combinations of pairs of
points x,y € R"

Convex function

Let S € R™ be a convex set.
The function ¢ : § - R'is convey, if for any two points x,y €S,
cCAx+ (A —-ADy)<Acx)+ (1 —-2)c(x)

c(x)

A function f is concave
iff —f is convex

Ae(x) + (1= Ne(y)

c(Ax + ({1 -2

i i P— Linear function is
A+ (1 =Ny a convex function

Figure 1-8 A function ¢ convex in [0, 1].

Figure 1-7 A convex set A and a nonconvex set 5.



Local & Global Optima
« Neighborhood : N(f)

— AXH Q| solution f FH (0|R) 9| 4t=
« Local optima
A feasible solution f is locally optimal if

c(f) <c(g) forall g e N(f)
« Global optimum
A feasible solution f is (globally) optimal if

c(f) <c(g) forall ges




Convex Programming

In a convex programming problem,
every point locally optimal is also globally optimal.

c(x)

Q

0 1

 Linear programming problem
— Global optimal solution = simplex method

« Linear & Integer programming problem
— Global optimal solution
(ex) shortest path problem: Dijkstra algorithm
max-flow problem: Ford-Fulkerson algorithm



Non-Convex Programming

L of

« Global optimal solution = 75}
— NP complete

« Near-optimal solution
— AN Z[X /el H =2 of

— Traditional approach

Local search

Greedy algorithm
Dynamic programming
Branch & Bound

A* algorithm

— Modern approach

Simulated annealing (SA)
Tabu search (TS)

Genetic algorithm (GA)

Ant colony optimization (ACO)

—
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Convex Function

Convex combination

Given two points x,y € R",
a convex combination is any point of the form
z=Ax+ ({1 -2y, AeER'and 0<1<1

Convex set

A set S © R™ is conve, if it contains all convex combinations of pairs of
points x,y € R"

X

Figure 1-7 A convex set A and a nonconvex set 5.
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Convex Function

Convex function

Let S € R™ be a convex set.
The function ¢ : § - Rl is convey, if for any two points x,y €S,
cCAx+ (A -Dy)<Acx)+(1-21)c(y)

c(x)

Ae(x) + (1 =XN)e(y)

cx + (1 =N)y)

w ———

|
|
I
[
|
1
X

Ax + (1 =Ny

Figure 1-8 A function ¢ convex in [0, 1].

A function f is concave iff —f is convex

Linear function is a convex function
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Convex Function

(Q) Prove that f(x) = x* + 2 is convex function

(Sol) Forx{,x, €R

fx) = xf+2, f(x) = x5 +2
fAx; + (1 —Dxy) = (Axg + (1 — A)xy)%+2



Local & Global Optima
« Neighborhood : N(f)

— AXH Q| solution f FH (0|R) 9| 4t=
« Local optima
A feasible solution f is locally optimal if

c(f) <c(g) forall g e N(f)
« Global optimum
A feasible solution f is (globally) optimal if

c(f) <c(g) forall ges




Convex Programming

In a convex programming problem,
every point locally optimal is also globally optimal.

c(x)

 Linear programming problem
— Global optimal solution = simplex method

« Linear & Integer programming problem
— Global optimal solution
(ex) shortest path problem: Dijkstra algorithm
max-flow problem: Ford-Fulkerson algorithm
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Non-Convex Programming

L of

« Global optimal solution = 75}
— NP complete

« Near-optimal solution
— AN Z[X /el H =2 of

— Traditional approach

Local search

Greedy algorithm
Dynamic programming
Branch & Bound

A* algorithm

— Modern approach

Simulated annealing (SA)
Tabu search (TS)

Genetic algorithm (GA)

Ant colony optimization (ACO)
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