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O
utline

•
W

hat are G
enetic A

lgorithm
s.

•
S

om
e exam

ples from
 different dom

ains.
•

Them
es

–
G

A
: inspired by natural selection.

–
S

im
ple m

odel: R
andom

 variation plus selection.
–

C
om

plexity: em
ergent property.

•
Im

plications for secularism
? (discussion)

–
W

atches w
ithout w

atch m
akers.



 
 

W
hat are G

A
s?

A
rtificial Intelligence

N
atural Language

U
nderstanding

M
achine Learning

C
om

puter 
Vision

C
hess P

laying

Theorem
 

P
roving

E
volutionary 

A
lgorithm

s
D

ecision 
Trees

N
eural

N
etw

orks

G
enetic

A
lgorithm

s
G

enetic
P

rogram
m

ing
A

rtificial
Life



 
 

G
A

s C
om

petitive w
ith H

um
ans 

•
A

I researchers keep score (Turing Test)
•

1997: D
eep blue beat K

asparov.
•

http://w
w

w
.genetic-program

m
ing.com

/hum
ancom

petitive.htm
l

•
S

om
e exam

ples from
 G

enetic P
rogram

m
ing (out of 36)

–
C

reation of quantum
 algorithm

 for 'early prom
ise' problem

.
–

C
reation of quantum

 algorithm
 for G

rover's D
B

 search.
–

R
ediscovery of C

auer elliptical topology for filters.
–

S
ynthesis of a N

A
N

D
 circuit.

–
R

ediscovery of negative feedback.



 
 

S
olving S

hort C
ryptogram

s

•
S

hort cryptogram
s are 'hard'.

–
S

im
ple substitution cipher: a/e, b/g, c/t, ..., x/c, y/m

, z/j
–

K
ey: A perm

utation of the alphabet, a..z. 

ZW
U

S
Q

O
M

K
IG

E
C

A
B

D
FH

JLN
P

R
TV

X
Y

–
P

ossible keys: 26! = 4.0329 * 10
26

–
U

nsolvable if too short 
•

Theoretical m
inim

um
 length ~ 28 characters

•
To w

e or not to w
e that is the question 

•
X

abcx = R
iver = R

aver = R
over = S

aves = D
avid ...

tm
lk sceq adqeq e dj blekb sl qclv ylt clv d atkrc ln

apebcs yltkb nlhgq w
ew

 nekw
 d rcdjm

elk; d jdk vesc alyq
dkw

 bephq ln ceq lvk.



 
 

S
earching a P

roblem
 S

pace

•
A

lgorithm
ic search

–
Try every key (brute force).

–
G

uaranteed to w
ork (theoretically).

–
Intractable:  10

26/10
9 = 10

17 seconds ≈ 10
9 years

•
 H

euristic search
–

U
se a rule of thum

b to reduce search space.
–

N
ot guaranteed to succeed. 

–
E

.G
. Traveling salesm

an nearest neighbor heuristic.
–

E
.G

. H
ill clim

bing optim
ization.

–
E

.G
. G

enetic algorithm
.



 
 

H
ill C

lim
bing vs G

A

Fitness

S
earch S

pace

x

x
x

H
ill C

lim
ber

S
earch S

pace

Fitnessx

x

x

xx
x

x
x

x x

xx
x

x

x

x
x

G
enetic A

lgorithm



 
 

The G
enetic A

lgorithm

R
andom

ly generate an initial
P

opulation P
0

S
elect the fittest individuals

Term
inate?

C
rossover: m

ate random
 

individuals

Introduce random
 m

utations

C
alculate fitness of

 P
tYes

N
o

t+1
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M
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C
ryptogram

: C
rossover and 

M
utation

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T
U
V
W
X
Y
Z

S
U
Q
H
C
L
A
D
F
G
J
K
N
O
P
T
V
W
X
Z
B
E
M
R
I
Y
 
 P

arent1 C
hrom

osom
e  (w

ords: and)

A
Z
B
Y
X
C
W
D
E
V
U
F
G
T
S
H
R
I
Q
J
P
K
L
O
M
N
 
 P

arent2 C
hrom

osom
e   (w

ords: big)

S
Z
Q
H
C
L
W
D
E
G
J
K
N
O
P
T
V
A
X
U
Y
F
M
R
I
B
 
 C

hild1 C
hrom

osom
e (w

ords: and big)

S
Z
B
H
X
C
W
D
E
V
U
F
G
O
A
Y
R
I
Q
J
P
K
L
T
M
N
 
 C

hild2 C
hrom

osom
e (w

ords: and big)

xf(
S
Z
B
H
X
C
W
D
E
V
U
F
G
O
A
Y
R
I
Q
J
P
K
L
T
M
N)=

 “... gx …
 and nycd ... big ...”



 
 

R
esults

P
aram

eter
S

etting
P

opulation size
512

S
eed dictionary size

50
Fitness dictionary size

3500
C

rossover rate
0.9

M
utation rate

0.2



 
 

M
ultiple S

equence A
lignm

ent

•
Fundam

ental m
olecular biology problem

:
–

Identify com
m

on structure in a string of 
nucleotides (D

N
A

, R
N

A
) or am

ino acids (in 
proteins).

•
For “deciphering” 

–
E

volutionary history  
–

P
hylogenetic relationships am

ong organism
s.

•
Very hard ~ on the order of m

n operations for n 
sequences of length m

. 



 
 

C
lustal-W

 E
xam

ple 
•

From
 a set of D

N
A sequences such as these:

•
C

om
pute a phylogram

 such as this:



 
 

The A
lgorithm

•
The chrom

osom
es w

ere candidate alignm
ents, 

represented in a m
atrix w

ith n row
s.

•
C

reate a random
 population of candidate alignm

ents.
•

For each candidate, apply variation operators to derive 
a child candidate.

•
A

pply a selection operator (fitness test) to generate the 
next generation.

•
R

epeat until 200 generations, no change in 100 
generations, or num

ber of gaps fell below
 a certain 

threshold.



 
 

E
volutionary P

rogram
m

ing

•
C

hellapilla and Fogel's E
P is com

parable to C
lustal-W

.

•
E

P A
dvantages

–
Flexibility in fitness functions.

–
Tackles harder and longer sequences.

–
O

utperform
s C

lustal-W
 for low

-sim
ilarity sequences.



 
 

Thank You!


