
T
H
E
U
B
IQ
U
IT
O
U
S
S
E
A
R
C
H

(M
E
T
H
O
D
S
T
O

E
S
C
A
P
E
F
R
O
M

L
O
C
A
L

M
IN
IM
A
)

B
en
jam
in
W
.
W
ah

C
oord
in
ated
S
cien
ce
L
ab
oratory

U
n
iversity
of
Illin
ois
at
U
rb
an
a-C
h
am
p
aign

1308
W
est
M
ain
S
treet

U
rb
an
a,
IL
61801,
U
S
A

b
-
w
a
h
@
u
i
u
c
.
e
d
u

U
R
L
:
h
t
t
p
:
/
/
m
a
n
i
p
.
c
r
h
c
.
u
i
u
c
.
e
d
u

N
ovem
b
er
1996



T
h
e
U
b
iq
u
ito
u
s
S
ea
rch

O
u
tlin
e

�
C
h
aracteristics
of

{
S
earch
P
rob
lem
s

{
S
earch
A
lgorith
m
s

�
E
xistin
g
m
eth
od
s
to

{
H
elp
escap
e
from
local
m
in
im
a

{
H
an
d
le
con
straints

�
N
O
V
E
L
:
N
on
lin
ear
O
p
tim
ization
W
ith
E
xtern
al
L
ead

�
A
p
p
lication
s
of
N
O
V
E
L

{
N
on
lin
ear
continu
ou
s
con
strain
ed
op
tim
ization
p
rob
lem
s

{
F
ilter
b
an
k
d
esign
p
rob
lem
s

{
N
on
lin
ear
d
iscrete
satis�
ab
ility
p
rob
lem
s

{
F
eed
forw
ard
n
eu
ral
n
etw
ork
learn
in
g
p
rob
lem
s

B
en
ja
m
in
W
.
W
a
h

1



T
h
e
U
b
iq
u
ito
u
s
S
ea
rch

M
otivation
s

�
M
any
real-w
orld
ap
p
lication
s

{
A
rti�
cial
intelligen
ce

{
L
ogic

{
C
om
p
u
ter
aid
ed
d
esign

{
D
atab
ase
qu
ery
p
rocessin
g

{
P
lan
n
in
g

{
S
ch
ed
u
lin
g

�
C
om
p
lete
m
eth
od
s
can
n
ot
h
an
d
le
large
p
rob
lem
s

�
G
lob
al
search
versu
s
local
search

B
en
ja
m
in
W
.
W
a
h

2



T
h
e
U
b
iq
u
ito
u
s
S
ea
rch

C
h
aracteristics
of
S
earch
P
rob
lem
s

�
L
evels
of
search
p
rob
lem

{
P
rob
lem
in
stan
ce
level

{
M
eta
level:
gen
eralization
of
solu
tion

�
S
earch
sp
ace

{
F
in
ite/in
�
n
ite

�
V
ariab
les

{
F
ixed
an
d
w
ell
d
e�
n
ed
/u
n
d
e�
n
ed
(an
d
p
ossib
ly
u
nb
ou
n
d
ed
)

{
D
iscrete/continu
ou
s/m
ixed
/sym
b
olic

B
en
ja
m
in
W
.
W
a
h

3



T
h
e
U
b
iq
u
ito
u
s
S
ea
rch

C
h
aracteristics
of
S
earch
P
rob
lem
s
(con
t'd
)

�
O
b
jective

{
W
ell
d
e�
n
ed
/u
n
d
e�
n
ed

{
L
in
ear/n
on
lin
ear/sym
b
olic

�
O
b
jective
m
easu
res

{
D
eterm
in
istic/p
rob
ab
ilistic

{
R
esou
rce
m
easu
res

�
C
on
straints

{
H
ard
/soft
con
straints

{
L
in
ear/n
on
lin
ear/sym
b
olic

{
R
esou
rce
con
straints

B
en
ja
m
in
W
.
W
a
h

4



T
h
e
U
b
iq
u
ito
u
s
S
ea
rch

C
h
aracteristics
of
S
earch
A
lgorith
m
s

�
R
ep
resentation
of
search
sp
ace

{
S
earch
com
p
lexity

�
D
ecom
p
osition
strategies

�
H
eu
ristic
p
red
ictor
or
d
irection
�
n
d
er

{
R
elaxation
algorith
m
s

�
M
ech
an
ism
s
to
h
elp
escap
e
from
local
m
in
im
a

�
M
ech
an
ism
s
to
h
an
d
le
con
straints

�
S
top
p
in
g
con
d
ition
s

�
R
esou
rce
sch
ed
u
lin
g
strategies

B
en
ja
m
in
W
.
W
a
h

5



M
E
T
H
O
D
S
T
O

H
E
L
P
E
S
C
A
P
E
F
R
O
M

L
O
C
A
L

M
IN
IM
A



The Ubiquitous Search

Local Minima
Deep valleys with steep slopes

Gradients vary by many orders of magnitude

Tall hills that are difficult to overcome

Shallow basins with small slopes

Benjamin W. Wah 7



The Ubiquitous Search

Existing Methods to Help Escape from Local Minima

Nonlinear  minimization methods

methods
Random searchClustering

methods
Methods based on
stochastic models

NOVEL method

Deterministic methods Probabilistic methods

Global minimization methods
Local minimization methods

Covering methods Generalized
descent methods

(gradient-based)

Trajectory &
penalty methods

Benjamin W. Wah 8
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The Ubiquitous Search

A Simple Example

� Minimizing Levy's No. 3 function of two variables

fl3(x) =

5X
i=1
i cos[(i� 1)x1 + i]
5X

j=1
j cos[(j + 1)x2 + j]
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The Ubiquitous Search

Illustration of Global Search Phase

o

o

Trace

Trace direction

Moving
direction

Gradient direction

Trajectory

Trace function

Trajectory 1

Trajectory 2

Trajectory 3

o

o

o
o

t=0
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The Ubiquitous Search

Insu�cient Lateral Force

Downward force due to gradient
>> Lateral force due to trace

5

-1000
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The Ubiquitous Search

After Scaling Variables

100

by scaling variables
Lateral force increased significantly

-50
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The Ubiquitous Search

Example: Levy's No. 3 Function & Elliptic Constraint
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The Ubiquitous Search

Example (cont'd)
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The Ubiquitous Search

QMF Filter Bank Design

Filter Design Objectives

Overall Min amplitude distortion

Filter Min aliasing distortion

Bank Min phase distortion

Min stopband ripple (�s)

Single Min passpand ripple (�p)

Filter Min transition band error (Et)

Min stopband energy (Es)

Max passband atness (Ep)

Εp

Εs

pω ωs

1−δ

1+δ
1

δ ω

p

p

s

π0

|H(ejω)|
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The Ubiquitous Search

Example: 24D QMF Design
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The Ubiquitous Search

Initial Results: Di�erent Constraints
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The Ubiquitous Search

Gradient Operator �XL(X;�)

L = 10
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X1
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X3
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The Ubiquitous Search

Two-spiral problem

� Discriminate between two sets of points that lie on two distinct spirals

in the x-y plane

� Best known network: 9 hidden units with 75 weights

� Training and test data set
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