hhhhhhhhhhhhhhhhhhhhhhhhhhh

h

h hhhhhhhhhhhhhhhhhhhhhhhhhh

hhhhhhhhhhhhhhhhhhhhhhhhhh h

Genetic

h

Multi-Heuristic

hhhhhhhhhhhhhhhhhhhhhhhhhh

Man-Tak

Computer

Naval

S

Abstract

Monterey,

earch

u agent

nique

e since

nergy

-

p ly

utation

l

m distance)

ovement.

n

( resources

only

-

t physical

ion

-

s keep

idered.

e

a genetic-a

daptive,

-

s strategies

ive

m proach

uch

.

T search

he

,

a improved

re

g time

eneral

N

S

1

earch

s

a as

real-tim

i having

ng

h

LCDR

C

*

A.

S with

chool.

traversing

-

j its

acent

n not.

ode

t tion

o

o

c determine

ompute

-

s hand,

ary

e

t

Having

errain

-

n the

akakis

e

p of

roblem

s can

idered.

r

e developed

very

g from

oal

g by

(

= sistence

0.0

t

The

ive

t

t node

he

E depending

xtending

p additional

hysical

f

a creases,

ssigning

t an

ypes

o explosion

f

- b ly

le,

( combinati

1975)

l

h over

ave

s

t based

o

s mine

tette

-

b

In

ased

-

t effective

ime

t ported

he

s fenstette

earch

r

Extensive

ithm,

b tion

etter

r prohibitive

ithms

c

c to

ase

2 search/optim

PROBLEM

-

h

To

euristic

-

t rithm,

acle

o

64

r

s

g through

rid

i from

ts

f

� d

rom

s

( sum

Ætness)

e

d shortest

istance

t possible;

he

r

c identiÆed

olumn

r ing

ight

T

o mensional

bstacles)

( records

heuristics),

-

t records

ures).

distance

d

s from

ubtotal

-

i records

ng

-

s

The

ity

-

1 speciÆed

5.

t

r of

andom).

d

(

(0,0)

15,15)

-

d speciÆed

ies

c

s from

tart/goal

T

3

he

m sists

aze,

o

g bias

roups,

s

a

Sections

s

c

p

for

if

v

;

;

/*

/

e

/*

lse

n

;

u v

pdate

i end

f

/

e

Ænd

g

respective

v

/*

/

c

/*

urrent

r end

eturn

S

3.1

table

e

c applied

urrent

,

d distance

iagonal

-

p subtotal

lied

v

f

+

+

hm

D

-

a from

lly

e

S combinati

earch,

l

s

Distance

hortest

-

v tier.

ironment,

-

p al

lementa

s clidean

igniÆcant

C require

ongestion

( side

hdc

s

r avoiding

educes

t favoring

he

e

m one

uch

t

t were

o

h tance

euristic

-

c bors

les.

e

m less

aximum.

f to

rontier

M bors.

omentum

)

n zigzag

odes

t

t valley/ri

hrough

o physical

ut

Straight

s o

hift non-adjace

3 the

.2

o

c

Unstable

hange

a case:

way

s tion

earch

tion

f

D

+

istance

-

T current

ime-A*

-

t tracking

ance

M from

ove

f

n ly

odes

d the

istance

3 no

.3

e

p

A

opulation.

h chromosome

euristics.

A teger;

4

T with

he

b are

its,

o tors

ur

i heuristics

dentiÆed.

3

-

n

The

ation

s

c optimum

hromosome.

r

n pulation

umerous

D duce

uring

r

c after

ase)

-

r will

ain) a this

lgorithm

a tion

llele

-

d a

omly

c operator

hosen

-

a bits

ls.

e

w

0.005

heel

-

l of

owing

1 result

975).

4

T

t erated

rained

4 strategies,

.1

O

TYPES)

nce

t the

raining

-

m remain

ined

-

r point

ithm

-

b search

ution

d

Ten

ifferent

e

a considered

ctual

b always

lock

4

Figure

.2

T

-

t breeding

ain

t ty

he

-

c terrain

le

T the

he

b from

e

n

o generate

ur node

c the

orresponding

-

d erate

omly

gins:

for

for

loop

;

s create

hortest

r end

un

g

i accumula

ts

c end

ompute

a

Ætness

pply

r end

eturn

T

4.3

esting

l

i comparing

n

n

1

Hill-clim

992),

-

t

Search

ion

)

integer

s

p

Each

roduced

-

p age

arison

a

m

Our

odiÆcation

d

M f

ayer

r

The

eplace

f which

ound

b tor

e

-

c possibilities

rementing

a

f

g

There

(

-

t

(

ors m mined

osomes

e

b

00ff0000)

est

t

b represent

ias

-

d for

uals

t rithm

errain

4 chosen

.4

T

s number

teps

-

e used

d

n

t one

he

l

b density

e.

y

l schemes

ayout

l

n successful

atural

a somal

ble

t

s produce

ituations.

t

i strategies

n

o ment

f

t

t produced

hat

o al

r

-

t by

imize

Æ before

rst

-

p ity

ass

s

a

Since

re

t least

errains,

p tual

hysical

s

s computati

ufÆcient

-

d minimal

uced

-

t comparison

egy

-

q rains.

uire sidered

l

s cases

peed.

5

H

d

d space

istance

e

g minimiz

eneral

,

c heuristics

ongestion

r

w around

hich

-

t momentum

ions.

s al

chemes.

-

t rithms,

ion

f

s biases

ome

s able.

paces

p search

reviously

W

-

p known

lying

.

T multitude

ests

i conjecture

n

t based

his

.

A set

more

t

l duct

earns

-

c and

ated

l

1 lar

990),

A tivitie

cknowledgements

W

R provided

eference

K

-

t

Class

ion,

ences, t

K.

ional

J

Department,

.

-

n agent

ational

D

310).

.

A

Optimization

ddison-Wesley.

J

M

Learning

odels

J

355-381).

.

e

L

Anytime

earning

l

B

P.

asis

.

1

Paths.

00-107).

R

C

Intellige

.

C

Paths

onference.

A

-

t

Strategies

ion.

( sium

pp.

M

h

P

New

roblem.

P

Science

.

Ma:

Table

i

Search

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

F

Best

irst

i

central

m

i tain

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

single

left

i ridge

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

single

right

i ridge

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

double

ridge

i

single

l

i plateau

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

plateau

with

i ridge

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

random

one

i

random

t

i

random

t

i

random

f

i c

c c c c c c

Figur e 1: Density Distribution

Central Mountain Single Left Ridge Single Right Ridge

Double Ridge Single Left Plateau Single Left Plateau with Ridges

Random One Random Two Random Three

Random Four

Figur e 2: Experimental Results

Best First Persistence Hill Climb Real-time-A* GA-produced

FITNESS (percent)

0 10 20 30 40 50 60 70 80 90 100 gf/hf = 15/11

bias factor = f00732b9

Central Mountain

Best First Persistence Hill Climb Real-time-A* GA-produced

FITNESS (percent)

0 10 20 30 40 50 60 70 80 90 100 gf/hf = 15/6

bias factor = f00828ff

Single Left Ridge

Best First Persistence Hill Climb Real-time-A* GA-produced

FITNESS (percent)

0 10 20 30 40 50 60 70 80 90 100 gf/hf = 2/15

bias factor = f00c2ca8

Best First Persistence Hill Climb Real-time-A* GA-produced

FITNESS (percent)

0 10 20 30 40 50 60 70 80 90 100 gf/hf = 6/15

bias factor = f83b19bc

Single Right Ridge Double Ridge

Best First Persistence Hill Climb Real-time-A* GA-produced

FITNESS (percent)

0 10 20 30 40 50 60 70 80 90 100 gf/hf = 11/15

bias factor = f05e884f

Best First Persistence Hill Climb Real-time-A* GA-produced

FITNESS (percent)

0 10 20 30 40 50 60 70 80 90 100 gf/hf = 11/15

bias factor = f07c033d

Single Left Plateau Single Left Plateau with Ridges

Best First Persistence Hill Climb Real-time-A* GA-produced

FITNESS (percent)

0 10 20 30 40 50 60 70 80 90 100 gf/hf = 15/11

bias factor = f1e90234

Random One

Best First Persistence Hill Climb Real-time-A* GA-produced

FITNESS (percent)

0 10 20 30 40 50 60 70 80 90 100 gf/hf = 15/4

bias factor = f0b947c1

Random Two

FITNESS (percent)

Best First Persistence Hill Climb Real-time-A* GA-produced

0 10 20 30 40 50 60 70 80 90 100 gf/hf = 15/5

bias factor = 1f73351

Random Three

Best First Persistence Hill Climb Real-time-A* GA-produced

FITNESS (percent)

0 10 20 30 40 50 60 70 80 90 100 gf/hf = 14/15

bias factor = f0b51535

Random Four