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What is Evolutionary Search?

Simulation of Darwinian Evolution on a Computer

A set of 
possible 

solutions

Computer 
Model

How good is 
each 

solution? 

Keep a set of 
the best 
solutions 

Duplicate, 
Mutate & 

Crossover 

Survival 
of the 
fittest

Mutation

Next 
generation



Search in Engineering Design

Yagi-Uda antenna (1954)
Can we do better? Engineers…

1. Create a parameterized model

2. Establish a measure design’s fitness

3. Search the N-D parameter space

Designed by Evolutionary 
Search at NASA

http://ic.arc.nasa.gov/projects/esg/research/anten
na.htm



No Free Lunch Theorem (1997)

With no knowledge of With no knowledge of 
where the target is at and where the target is at and 
no knowledge about the no knowledge about the 

fitness surface, one fitness surface, one 
search performs, on search performs, on 

average, as good as any average, as good as any 
another.another.



Blind Search

Search Strategies

Widrow-Hoff
Levenberg-Marquart

Random Search
Genetic Algorithms

Evolutionary Strategies

Householder's 
methods

Newton-Raphson

Halley's method

Conjugate 
gradient

Stochastic 
gradient descent

Steepest Ascent

Cross-entropy method

Karmarkar's algorithm Newton's method

Particle swarm optimization
UHF

PeregrinoGris/Búsqueda tabú

http://www.youtube.com/watch?v=50uW0b7tWiM

Rosenbrock
methods

Simulated annealing

Karmarkar's
algorithm

Ant colony optimization

TABU



No Free Lunch Theorem

x

y
Find the value of x that maximimizes the fitness, y.

Nothing is known about the fitness, y.



Cullen Schaffer (1994)
A Conservation Law for Generalization Performance

“About half of the people in the 
audience to which my work 
was directed told me that my 
result was completely 
obvious and common 
knowledge–which is perfectly 
fair. Of course, the other half 
argued just as strongly that 
the result wasn’t true.”

(Private Correspondence)



Can a computer 
program generate more 

information than it is 
given

If a search algorithm does 
not obey the NFL 

theorem, it “is like a 
perpetual motion machine 

- conservation of 
generalization 

performance precludes 
it.” Cullen Schaffer (1994)

3. Cullen Schaffer, 1994. “A conservation law for generalization performance,”in Proc. Eleventh International Conference on Machine Learning, 
H. Willian and W. Cohen, San Francisco: Morgan Kaufmann, pp.295-265.
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Conservation of Information

A computer can 
create information 
no more than an 
iPod can create 

music



Expected 
number

1/p= NL

Impact: How Long a Phrase?
Target

L

IN THE BEGINNING ... EARTH

JFD SDKA ASS SA  ... KSLLS
KASFSDA SASSF A  ... JDASF
J ASDFASD ASDFD  ... ASFDG
JASKLF SADFAS D  ... ASSDF

.

.

.

IN THE BEGINNING ... EARTH 4.7549 bits per 
letter for 26 
letters and a 

space

B = NL log2 NL

small probabilities



How Long a Phrase? 

p=N-L

10100 bits = NL log2 NL

For N = 27,

L = 68 
characters

p
pB log−

=

Number of 
bits expected 
for a random 
search



How Long a Phrase 
from the Universe? For N = 27,

L = 68 
characters

Free punctuation:

“IN THE 
BEGINNING GOD 

CREATED THE 
HEAVEN AND THE 
EARTH. AND THE 

EARTH W...”



Objection!

Single Target
– Functional Information
– Spell Check

Teleological
– AVIDA, ev
– implicit teleology 

Guided by landscape
Simon Conway Morris, 
convergence

Simon Conway Morris, Life’s Solution: Inevitable Humans 
in a Lonely Universe, Cambridge University Press 
(September 8, 2003).



How Long a Phrase 
from a Multiverse? 

101000

universes 
gives a 766 

letter  search. 

p
pB log−

=



How Long a Phrase 
from a Multiverse? 

766 letters (Free Punctuation): 7 ½ Verses 
IN THE BEGINNING GOD CREATED THE HEAVEN AND 

THE EARTH. AND THE EARTH WAS WITHOUT FORM, AND 
VOID; AND DARKNESS WAS UPON THE FACE OF THE 

DEEP. AND THE SPIRIT OF GOD MOVED UPON THE FACE 
OF THE WATERS.  AND GOD SAID, LET THERE BE LIGHT: 
AND THERE WAS LIGHT.  AND GOD SAW THE LIGHT, 
THAT IT WAS GOOD: AND GOD DIVIDED THE LIGHT 
FROM THE DARKNESS.  AND AND GOD CALLED THE 
LIGHT DAY, AND THE DARKNESS HE CALLED NIGHT. 

AND THE EVENING AND THE MORNING WERE THE FIRST 
DAY. AND GOD SAID, LET THERE BE A FIRMAMENT IN 
THE MIDST OF THE WATERS, AND LET IT DIVIDE THE 
WATERS FROM THE WATERS. AND GOD MADE THE 

FIRMAMENT, AND DIVIDED THE WATERS WHICH WERE 
UNDER THE FIRMAMENT FROM THE WATERS WHICH 
WERE ABOVE THE FIRMAMENT: AND IT WAS SO. AND 

GOD CALLED THE FIRMAMENT HEAVEN. AND THE 
EVENING AND THE MORNI...

p
pB log−

=



Active information 
is required for even 
intermediately sized 
search problems.



Does Moore’s Law Help? 

Computer today searches 
for a target of B =10000 
bits in a year.

Double the speed.

Faster Computer searches 
for a target of B + 1
=10001 bits in a year.



Does Quantum Computing Help? 

Quantum computing 
reduces search time 
by a square root.

√
L. K. Grover, “A fast quantum mechanical algorithm for data search”, Proc. ACM Symp. Theory 

Computing, 1996, pp. 212--219.



Information Definitions

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=+ q

pI 2log
unassisted search

assisted search

( )pI 2log−=Ω

unassisted search: endogenous information

assisted search: endogenous information

( )qIS 2log−=
difference: active information





Gregg EasterbrookGregg Easterbrook
"Torture numbers, and 
they'll confess to anything." 

SIMULATING EVOLUTION



Active Information in 
Partitioned Search... 

METHINKS*IT*IS*LIKE*A*WEASEL

XEHDASDSDDTTWSW*QITE*RIPOCFL

XERXPLEE*ETSXSR*IZAW**LPAEWL

MEQWASKL*RTPLSWKIRDOU*VPASRL

METHINKS*IT*IS*LIKE*A*WEASEL

yada yada yada

Dawkins 
required 

43 
iterations



2. Active Information in 
Partitioned Search... 

METHINKS*IT*IS*LIKE*A*WEASEL

( )QI 2log=+

For unassisted search

( )QLI 2log≈+

Hints amplify the added information 
by a factor of L.

For Partitioned Search



Comparison

METHINKS*IT*IS*LIKE*A*WEASEL
L= 28 characters, 27 in alphabet

iterations 43≈Q

Reality: For Partitioned Search

iterations  101.1973 40×≈Q

For Unassisted Search

There is a lot of active 
information.

Active
Information in Partitioned Search... 



Domain knowledge can be 
applied differently resulting in 

varying degrees of active 
information

The knowledge used in 
partitioned search can 
be used to find all the 

letters and spaces in an 
arbitrarily large library 
using only 26 queries.



Weasel Wear on EvoInfo.org
George Montañez



EVOLUTION SIMULATIONS



Schneider’s EV



Schneider’s EV

Illusion: We find 131 
nucleotide sights!  Evolution 
finds something without Q = 
2131 queries!  (704 needed)
Truth: ev’s Rube-Goldburg
structure is packed with active 
information.
Given resources: We can find 
all 131 binding sites in far less 
than 131 queries.



EV Ware on EvoInfo.org
George Montañez



ev & Avida

The NFL theorem has been 
useful to address the 
"sometimes outrageous 
claims that had been made 
of specific optimization 
algorithms“
S. Christensen and F. Oppacher, "What can 
we learn from No Free Lunch? A First 
Attempt to Characterize the Concept of a 
Searchable,“ Proceedings of the Genetic 
and Evolutionary Computation (2001).



AVIDA

NAND logic



AVIDA:
Active Information
Stair Step Active Information



AVIDA:
Active Information
Stair Step Active Information

THE TARGET 

(EQU = XNOR)



AVIDA:
Active Information
Stair Step Active Information
One Population:

3600 Organisms Evolved Using At Most About 10.8 Billion Instructions

Same Run, Using No Stepping Stones...



AVIDA:

Active Information

Endogenous Information of AVIDA
85 instructions per digital organism, 1420 
runs of 10.8 billion instructions per run using     
importance sampling

Winston Ewert, William A. Dembski and R.J. Marks II, “Evolutionary Synthesis of Nand Logic: Dissecting a Digital 
Organism,'' Proceedings of the 2009 IEEE International Conference on Systems, Man, and Cybernetics, October 11-14, 

2009, San Antonio, Texas, USA.

 bits40≅ΩI
(20 nucleotides)



AVIDA:

Active Information

Winston Ewert, William A. Dembski and R.J. Marks II, “Evolutionary Synthesis of Nand Logic: Dissecting a Digital 
Organism,'' Proceedings of the 2009 IEEE International Conference on Systems, Man, and Cybernetics, October 11-14, 

2009, San Antonio, Texas, USA.

Active information introduced by AVIDA, including stair 
steps.  353 runs each.  Normalized active information per 

instruction is in nanobits.



Confession...



AVIDA:

Evolutionary Simulation Integrity



What is the source of 
active information?

There must be active 
information in some 
way guide this 
process.
Where does it come 
from?
What about searching 
for a good search? 





What is the source of 
active information?

Search for the Search ?
The endogenous information for the 
search increases exponentially with 
respect to the active information

REGRESS: Search for the Search for the 
Search

bits 2 +≅Ω
II

)



Creator Of Information

1. “In the beginning God created the 
heavens and the earth.”

2. “Now the earth was formless and 
empty, darkness was over the surface 
of the deep, and the Spirit of God was 
hovering over the waters.”

No Information 

Mass, Energy, Space, 
Time ... Information



Information Creation

And God said, "Let there be light," ... "Let the water under 
the sky be gathered to one place, and let dry ground 
appear."  "Let the land produce vegetation."  "Let the water 
teem with living creatures, and let birds fly..." "Let the land 
produce living creatures according to their kinds..."   "Let 
us make man in our image, in our likeness, and let them 
rule over the fish of the sea and the birds of the air, over 
the livestock, over all the earth, and over all the creatures 
that move along the ground." 

Information & Structure



EvoInfo.org






