
G
e
n
e
ra

li
sa

ti
o
n

in
G

e
n
e
ti

c
P

ro
g
ra

m
m

in
g

P
os

te
r

p
ag

e
20

5.
F
u
ll

te
xt

R
N

/1
1/

10

W
ill

ia
m

B
.
L
an

gd
on

D
ep

t.
of

C
om

p
u
te

r
S
ci

en
ce

,
C

R
E

S
T

ce
nt

re
,
U

n
iv

er
si

ty
C

ol
le

ge
L
on

d
on

,
G

ow
er

S
tr

ee
t,

W
C

1E
6B

T
,
U

K

W
.
L
a
n
g
d
o
n
@
c
s
.
u
c
1
.
a
c
.
u
k

1



F
it

n
e
ss

S
u
b

S
a
m

p
le

s

•
W

e
m

ak
e

fit
n
es

s
ch

ea
p
er

by
ru

n
n
in

g
fe

w
er

te
st

s

•
F
ew

er
te

st
s

m
ea

n
s

le
ss

ac
cu

ra
te

fi
tn

es
s

•
A

s
lo

n
g

as
n
o

b
ia

s,
ev

ol
u
ti

on
ca

n
p
ro

ce
ed

11
-M

u
x

21
1 =

20
48

so
lv

ed
by

1
te

st

20
-M

u
x

22
0 =

1
04

8
57

6
so

lv
ed

by
32

te
st

s

37
-M

u
x

23
7 =

13
7

43
8

95
3

47
2

so
lv

ed
by

81
92

te
st

s

•
F
or

th
e

la
rg

er
p
ro

b
le

m
s

th
er

e
ar

e
te

st
ca

se
s

w
h
ic

h
n
ob

od
y

in
th

e
w

h
ol

e
co

u
rs

e
of

th
e

ev
ol

u
ti

on
h
as

se
en

.

•
Y

et
th

e
ev

ol
ve

d
so

lu
ti

on
s

p
as

s
th

em
.

•
G

P
h
as

ex
tr

ap
ol

at
ed

fr
om

tr
ai

n
in

g
d
at

a
to

u
n
se

en
ca

se
s.

2



C
o
u
n
te

r
E
x
a
m

p
le

 0

 0
.2

 0
.4

 0
.6

 0
.8 1

-1
-0

.8
-0

.6
-0

.4
-0

.2
 0

 0
.2

 0
.4

 0
.6

 0
.8

 1

1

2

3

4

5

6

7

8

9

10

11
12

13

14

15

16
17

18

19

20

21

22

23
24

25

26

27

28

29

30

31

32

T
h
ir

ty
on

e
p
oi

nt
s

in
a

p
ar

ab
ol

a.

O
n
e

p
oi

nt
n
ot

on
th

e
p
ar

ab
ol

a.

3



G
P

P
a
ra

m
e
te

rs
M

u
lt

ip
le

x
o
r

S
m

a
ll

T
e
st

C
a
se

s

T
er

m
in

al
s:

B
oo

le
an

in
p
u
ts

A
0

A
1

A
2,

D
0

D
1

D
2

D
3

D
4

D
5

D
6

D
7

F
u
n
ct

io
n
s:

A
N

D
,
O

R
,
N

A
N

D
,
N

O
R

F
it

n
es

s:
P

se
u
d
o

ra
n
d
om

sa
m

p
le

s
of

fr
om

0
to

20
48

fit
n
es

s
ca

se
s.

F
it

20
-M

u
x:

S
am

p
le

s
of

32
of

1
04

8
57

6
fi
tn

es
s

ca
se

s.
S
el

ec
ti

on
:

G
en

er
at

io
n
al

,
w

it
h

4
m

em
b
er

s
to

u
rn

am
en

ts
.

T
ou

rn
am

en
ts

ru
n

on
sa

m
e

ra
n
d
om

sa
m

p
le

.
1)

F
ix

ed
sa

m
p
le

,
2)

n
ew

sa
m

-
p
le

s
fo

r
ea

ch
ge

n
er

at
io

n
an

d
3)

n
ew

sa
m

p
le

s
fo

r
ea

ch
to

u
r-

n
am

en
t.

P
op

u
la

ti
on

:
16

38
4

(2
0-

M
u
x:

26
2

14
4)

In
it

ia
l
p
op

:
R

am
p
ed

h
al

f-
an

d
-h

al
f
4:

5
P
ar

am
et

er
s:

50
%

su
b
tr

ee
cr

os
so

ve
r,

5%
su

b
tr

ee
m

u
ta

ti
on

,
45

%
p
oi

nt
m

u
ta

ti
on

.
M

ax
d
ep

th
15

,
m

ax
si

ze
51

1.
T
er

m
in

at
io

n
:

fir
st

so
lu

ti
on

or
2

00
0

ge
n
s

[e
xt

en
d
ed

ru
n
s

50
00

0
ge

n
s

or
p
op

is
on

ly
le

af
s]

C
od

e
at

F
T

P
c
s
.
u
c
l
.
a
c
.
u
k
g
e
n
e
t
i
c
/
g
p
-
c
o
d
e
/
g
p
3
2
c
u
d
a
.
t
a
r
.
g
z

4



E
x
a
m

p
le

S
u
cc

e
ss

fu
l
R

u
n
s

 5
0

 5
5

 6
0

 6
5

 7
0

 7
5

 8
0

 8
5

 9
0

 9
5

 1
00

   
10

77
72

6
50

0
20

0
72

50
20

10
5

2
1

True Fitness of Best in Pop (percent)

G
en

er
at

io
n

11
-M

ux
 a

ll 
te

st
s

11
M

 2
56

 te
st

s
20

/3
7-

M
ux

37
-M

ux
 

11
-M

ux
 2

04
8 

te
st

s
11

-M
ux

 2
56

 te
st

s 
pe

r 
ru

n
20

-M
ux

   
32

 te
st

s 
pe

r 
ge

n
37

-M
ux

 8
00

0 
te

st
s 

pe
r 

ge
n

5



V
a
ry

in
g

n
u
m

b
e
r

o
f
T
e
st

C
a
se

s

 5
00

00

 3
00

00

 2
00

00

 1
00

00

 5
00

0

 3
00

0

 2
00

0

 1
00

0

 5
00

 3
00

 2
00

 1
00  5
0

20
48

10
24

25
6

64
32

16
8

4
2

1

 1
00

 1
00

0

 1
00

00

Time to solve 11-Mux (median generation)

Effort/1000 (Normalised by number of test cases)

N
um

be
r 

of
 te

st
s

11
-M

ux
 w

ith
 n

ew
 te

st
 s

ui
te

 e
ve

ry
 to

ur
na

m
en

t G
en

er
at

io
ns

N
or

m
al

is
ed

 E
ffo

rt
C

ou
po

n 
C

ol
le

ct
or

 1
20

+
20

48
/x

*l
og

(2
04

8/
x)

6



C
o
rr

e
la

ti
o
n

w
it

h
T
ru

e
F
it

n
e
ss

 0 1
0

 2
0

 3
0

 4
0

 5
0

 6
0

 7
0

 8
0

 9
0

 1
00

20
48

10
24

51
2

25
6

12
8

64
32

16
8

4
2

1

% Correlation Observed v True Fitness (mean whole run)
% 4-Tournaments with wrong outcome (ie different true fitness)

T
es

ts

11
 M

ux
 T

es
t C

as
es

 C
ha

ng
ed

 E
ve

ry
 T

ou
rn

am
en

t

12
%

 

C
or

re
la

tio
n 

ob
se

rv
ed

 v
. t

ru
e 

fit
ne

ss
F

ra
ct

io
n 

w
ro

ng
 p

ar
en

t c
ho

se
n 

(d
iff

 fi
t, 

la
st

 2
0 

ge
ns

)

R
ed

u
ci

n
g

te
st

in
g

b
el

ow
25

6
ca

u
se

s
m

or
e

th
an

5%
er

ro
rs

.
B

u
t

ev
ol

u
ti

on
p
ro

ce
ed

s
ev

en
w

it
h

m
an

y
se

le
ct

io
n

er
ro

rs
.

7



P
h
e
n
o
ty

p
ic

C
o
n
v
e
rg

e
n
ce

11
-M

u
x

A
ll

te
st

s
11

-M
u
x

8
of

20
48

te
st

s

 0

 0
.1

 0
.2

 0
.3

 0
.4

 0
.5

 0
.6

 0
.7

 0
.8

 0
.9 1

72
50

20
10

5
5

1
0

% passed

G
en

er
at

io
ns

 0

 0
.1

 0
.2

 0
.3

 0
.4

 0
.5

 0
.6

 0
.7

 0
.8

 0
.9 1

   
18

04
50

0
20

0
72

50
20

10
5

5
1

0

% passed

G
en

er
at

io
ns

A
p
ar

t
fr

om
sp

ee
d

of
ch

an
ge

,
p
h
en

ot
yp

ic
b
eh

av
io

u
r

of
p
op

u
la

ti
on

w
it

h
al

l
te

st
s

m
u
ch

lik
e

th
os

e
w

it
h

ra
n
d
om

sa
m

p
le

s
of

te
st

s.

S
ol

u
ti

on
fo

u
n
d

d
es

p
it

e
m

an
y

te
st

s
b
ei

n
g

fa
ile

d
by

m
os

t
of

th
e

p
op

u
la

ti
on

8



C
o
n
cl

u
si

o
n
s

•
E

vo
lu

ti
on

ca
n

p
ro

ce
ed

ev
en

w
h
en

m
an

y
se

le
ct

io
n

to
u
rn

am
en

ts
ch

oo
se

w
ro

n
gl

y.

•
T

h
e

p
op

u
la

ti
on

ev
ol

ve
s

m
or

e
sl

ow
ly

(P
ri

ce
’s

T
h
eo

re
m

)
b
u
t

m
os

tl
y

in
a

si
m

ila
r

w
ay

to
w

h
en

th
e

fu
ll

te
st

su
it

e
is

u
se

d
.

•
M

u
lt

ip
le

xo
r

fa
m

ily
ar

e
re

gu
la

r
p
ro

b
le

m
s,

w
h
er

e
p
as

si
n
g

x%
of

a
sa

m
p
le

su
gg

es
ts

co
d
e

w
ill

p
as

s
x%

of
al

l
te

st
s.

N
ot

al
l
p
ro

b
le

m
s

ar
e

re
gu

la
r.

•
In

so
ft

w
ar

e
en

gi
n
ee

ri
n
g

w
h
en

ca
n

w
e

as
su

m
e

th
e

so
ft

w
ar

e
u
n
d
er

te
st

is
re

gu
la

r?

I.
e.

w
h
en

ca
n

w
e

ex
tr

ap
ol

at
e

fr
om

th
e

te
st

s
ac

tu
al

ly
ru

n
to

al
l
p
os

si
b
le

te
st

s?

9


