Why are Some Problems
Difficult to Solve ?



Some Problems
1. SAT (satisfiability problem)

— Boolean A2 TRUE B OtEL HE A= Syl

(ex) Find x; (i =1,...,100)
s.t. F(x) =TRUE
where
F(x) = (x17 VX37 VX73) A(X11 V X56) A - A (X3 V X77 V Xy3 V Xgg)

— Search space S
IS| = 2"
n =100 = 219 ~ 1030
1000 strings / sec — 15 billion years (1509 H)
— Evaluation Function
Sl 2| worse / better & LHEHSHY| O{2&E



Some Problems

2. TSP (travelling salesman problem)
- BE= TAIE oY HESID 0= =AM 248 =X
— Z[a AZF or Z[TF AE|
« Symmetric TSP: d(i,j) = d(j, i)
* Asymmetric TSP: d(i,j) # d(j, i)

— Search space
nt  (n—1!

S| =
||2n 2

n=6 — 60

n=7 — 360

n=10 — 181,000

n=20 — 10,000,000,000,000,000
n=50 — 10%?

— Evaluation function
82| worse / better & EHEHSF 4= QS

-



Some Problems

3. NLP (nonlinear programing problem)
- HUY 29 HOi/E 2 gl e =X

L_
(ex) maximize G2(x) Pt 'z:-;l cos*(z:) — 21T, cos*(3)
Vi iz} ’

[[iZy 2 2 0.75, YL, z; < 7.5n, and bounds 0 < z; <10 for 1< <n.

subject to
— Search space
2t x; 2 0.000001 CHQ|2 Bt 1

|S| - 10711 0.8+
n=50 — 1030
— Evaluation function

12| worse / better & LtCHS!

A Ol
_I_NIH:l

Fig. 1.2. The graph of function G2 for n = 2. Infeasible solutions were assigned a value of

ZEro.



Modeling the Problem

 Problem — Model — Solution

 Car production schedule problem
— n 7H2| color € painting
— Cost of switching

Yellow -> black: 30, black -> yellow: 80
Yellow -> Green: 50, ......

— Find a job sequence to minimize the total cost of switching

= n-city asymmetric TSP



Modeling the Problem

 Transportation problem
— n warehouses (source)
— k distribution center (destination)
— fj - transportation cost between warehouse i and destination

centerj (i=1,-,n, j=1,,k)
0 i #=0
Ca JAT AR g e Tt ek
Jas(2) 19.5 i S h g oy e
05510./5 £ 6<p Ly g
[t

x: quantity of supplies
— Find quantity of supplies to minimize the total transportation

cost
- . - n k ~ 3 ,7 . .
miimizg Il Kol $elde), x; - quantity from source i to
< NI_P subject to destlnatlonj
Zﬁ":l zi; < soun(z),for 1.=1,2,...,n,
Yol e > dest Jon f a2 e o K
2o =0, Tor £= 1,2, iniand §.= 1280,k



Modeling the Problem

« Transportation Problem ot

— Approximation
f',(x) = 2.66x + 8.25

= LP

« Two approaches
1) Problem — Modd , —Solim (M odel ;)
2) Problem — M odel , —Solin (M odél )
g. approximated, p. precise

— QUHM O = D) J} HIEFRISH F O e



Basic Concepts



Search Problem

« Search Problem (Optimization Problem)
Given a search space S and its feasible part F € S,

find x € F such that
eval (x) < eval (y)

forall y € F.

= x . global solution




Neighborhoods and Local Optima

« Neighborhood N(x)

Set of all points of the search space S that are close in some
measurable sense to the given point x

e

fie

\* J S

(ex) NLP
Nix)={yeS:dt (x,y) <€}

dit (x,y) = X, (x; —y)? (Euclidean distance)




Neighborhoods and Local Optima

« Neighborhood N(x)

(ex) TSP : 2-swap mapping
X' 3-2-4-1-5
N(x): 2-3-4-1-5

4-2-3-1-5
1-2-4-3-5
5-2-4-1-3
3-4-2-1-5
3-1-4-2-5
3-5-4-1-2
3-2-1-4-5
3-2-5-1-4
3-2-4-5-1

n city TSP: n(nz_l) neighbors




Neighborhoods and Local Optima

* Neighborhood N(x)
(ex) SAT : 1-flip mapping
x: 01101101
N(x): 11101101
00101101
01001101
01111101
01100101
01101001
01101111
01101100



Neighborhoods and Local Optima

« Local optima
eal (x) < eval (y)
for all y € N(x)
= x : local solution (local optimum)

« Local search strategy

Locate solutions within a neighborhood of the current point that
have better evaluations

(ex) minimize f(x) = x*

 Size of the neighborhood vs. efficiency of the search
— Smaller size of neighborhood
— quick search, local optimum

— Larger size of neighborhood
— better decisions, huge computation



Hill-Climbing Methods

* Hill-climbing procedure
— Start from a single point (current point)
— Improve the current point by searching the neighborhood
— Terminates if no further improvement

procedure iterated hill-climber
begin

itl;ifliye best t: number of iterations
repeat bl SHe| I o=
s Y 3 n "
iﬁ:ﬁt: ;1?11021; point v, at random b&t '*'l &ll OH )
evaluate v, VC: Current p0|nt
le}zflzeifl all new points in the neighborhood of v, VTl: new p0|nt

select the point v, from the set of new points
with the best value of evaluation function eval
if eval(v,) is better than eval(v,)
then v, «+ v,
else local +— TRUE
until local
te—t1
if v. is better than best
then best — v,
until t = MAX
end

14



Hill-Climbing Methods

« Weakness
— Terminates at solutions that are only locally optimal
— Depends on the initial configuration
— Not possible to provide an upper bound for computation time



