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4
Wy Search

»
f Recall the search algorithms for
constraint problems (CSP, SAT).

«
4. o Systematically check all states.

q Lot tor szslsfled stz
<

e In finite spaces, can determine
. If no state satisfies constraints
« (complete).
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M. Optimization Problems

. Framework: States, neighbors
(symmetric). Add notion of
. score for states: V(s)

Goal: Find state w/ highest

\. (sometimes lowest) score.

u‘. Generalization of constraint
framework because...
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Ny SAT as Optimization

»
. States are complete assignments.

< Score IS number of satisfied
N clauses.
«

| Know the maximum (if formula Is
¥ i
« truly satisfiable).
|
X
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\
y
\ Hill Climbing

. Most basic approach
s Pick a starting state, s

. If V(s) > max ,.;, ne) V(S’); Stop
e Else, let s = any s’ s.t.

> H. V() = o o e V(e
N | Nepeat

Like DFS. Stops at local
q«m aximum.

«

|




n
tio

~ |
Optimiz
ns

ee

-qJu

Ml >

ts.
in
trai
s

on _—
dc olu

ie c

1a "

ize V';"de

Im -

| Neighbor

1
.

\.
N N
<

0,




e
ac
Sp
=earen
ns

ee

~gj Ul

M. N

um
m

ini

m

m

fro

t,

oS

tm n?

|

w fa; uratio
(o) £

. & con

Y
an
m

fro

Te [21

lid

S

n

n

tha

e - “ N

or =

| N confis

e
for
be

t,

0S =

t m d >

~ | he

Sy aC

any i?“ o

et

\. H loca

1 H\l

-1)-
n(n

is
SCONEH
um

Xim
Ma




in
I Mi

9 2imees
hin

ac

Re

Ml

.
.
)

il
N N
<

1

0

0




ing
jonin
itio
rti
Pa
I Graph
s I

to
ro“the
2 Qe“
into o
n tw
nod;ses be
te ed
- | a
a'.'|“|z
‘. S(:I:inl

JA

1 3

L [
«|

il
<




i
<

ion
tio
nc
HYETs
iec

bje

o °

ce R)2
lan L-
ba + (

for i III:e(x)

Ity utsi

a C

en _

. = V(x) =

2
s —
or
iahb

19

Ne

)

e —

ac

Sp

te

~ |

l St

.
N il
<




@
ac
Sp

I State

s I

'
i

3
- F
004= 0
1

3
: 0+
10:

10

.

«

2
: O+
0 )
10
+2 1
0114: 0
; 3

: 0+
S 03
10:
N
«




pe
ca
ds

n

La

[ Bumpy

3 I

4 »




lin 9
|

e

An

d

te

i Simula

Ml

a.
m
ini
I m
ca tive.
flo ga
o
r'out OnTne
n
itte be
5 ‘L'et T
.

)
N(s
’in
'S ve)
bo O
e'gh(lmpr
ml‘lv(s!) S’ o’
do s = —
an s) r); 58 =
kr \'/ te i
ic t
. Pet DO (berobe
..LD>ImP

If W
ﬂh Else
K

“

| -




M. Temperature

. As T goes to zero, hill climbing
As T goes to infinity, random walk

. In general, start with large T and
\. d zorzsz It slowly.

f decrease infinitely slowly, will
ﬂ\. find optimal solution.

4 " Analogy is with metal cooling.
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> |
Wy Aside:/Analogies

»

Q) Natural phenomena inspire algs
< e Metal cooling

N ¢ Evolution

< e Thermodynamics
H o Societal markets

1 o Ant colonies
> 4 - mmune eystems
« v alzlrzl npnonts, L

«

|




\.
M. Annealing Schedule

. After each step, update T
e Logarithmic: T. = yiog(i+2)

H. Srovable properties, slow
H\ siGeometric: Ty =g e
« lots of parameters to tune

W - Adaptive

change T to hit target accept rate
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\.
M. Locality Assumption

. Why does local search work?
Why not jump around at random?

. We believe scores change slowly
from neighbor to neighbor.

H
> Np Perhaps keep a bunch of states
g 2N search around the good
Oones...




\
4 | |
Wy Genetic Algorithms

»
f) Search : Population genetics ::
State : individual ::

«
N st . ion :
< ate set : population ::
jy Score  fitness =
4 = Neighbors : offspring / mutation
. 2 : sexual reproduction, crossover
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> ¥ - - -
Wy Algorithmic Options

»
| Fitness function
Representation of individuals

1 |
> \. Who reproduces? *
. How alter individuals (mutation)?

« How combine individuals
N (crossoven)? *
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N

Ny Generation to Next
<

‘. G is a set of N (even) states
Let p(s) = V(s)/sum _, V(s?), G’ = {}

«
> N Fork = 1 to N/2

| choose x, y with prob. p(x), p(y)
« randomly swap bits to get X’°, y’
4"\. rarely, randomly flip bits in x’, y’

K G’ = G*U {X, v’}

“

| -
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<
' . GSAT

. Score: number of unsat clauses.
o Start with random assignment.

. While not satisfied

. — Flip variable value to satisfy
greatest nhumber of clauses.

. S Repeatiiuntlidoneiorbored)
s Repeat (until done or bored)
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\.
M. Explaining Resulits

. Three sections

‘ < 4.2, under constrained:
H. nearly all satisfiable

H * m/n > 4.3, over constrained:
‘. nearly all unsatisfiable

ﬂ\. » m/n|, under constrainted: nearly
all satisfiable




M. Phase Transition

. Under-constrained problems are
easy, just guess an assignment.

. Over-constrained problems aren’t
too bad, just say “unsatisfiable”

\H v Vi
< . and try to verify via DPLL.

u‘. Transition region sharpens as n
Increases.
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_\ Programming Project 1
M. (due 10/22)

. Solve Rush Hour problems.

HHH Implement BES; A® with simple
. blocking heuristic, A* with more
advanced heuristic.

H
H. Input and/output examples
u‘. available on course web site

Speed and accuracy count.




\.
M. FHomework 4 (due 10/17)

. -
H
N

H\
4 .
|
. il

In graph partitioning, call a balanced
state one In which both sets contain the
same number of nhodes. (a) How can we
choose an initial state at random that iIs
balanced? (b) How can we define the
neighbor set N so that every neighbor of a
balanced state is balanced? (c) Show that
standard GA crossover (uniform) between
two balanced states need not be
balanced. (d) Suggest an alternative
crossover operator that preserves
balance.

- NMore soon...




