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• Evolutionary computation

• Evolved solutions

• Evolving evolution
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• Competition for evolutionary computation results

• Up to $10,000 in cash prizes

• Held annually since 2004



Humies Criteria
• The result was patented as an invention in the past is an improvement over a patented invention 

or would qualify today as a patentable new invention.

• The result is equal to or better than a result that was accepted as a new scientific result at the time 
when it was published in a peer-reviewed scientific journal.

• The result is equal to or better than a result that was placed into a database or archive of results maintained by an 

internationally recognized panel of scientific experts.

• The result is publishable in its own right as a new scientific result independent of the fact that 
the result was mechanically created.

• The result is equal to or better than the most recent human-created solution to a long-
standing problem for which there has been a succession of increasingly better human-created solutions.

• The result is equal to or better than a result that was considered an achievement in its field at the 
time it was first discovered.

• The result solves a problem of indisputable difficulty in its field.

• The result holds its own or wins a regulated competition involving human 
contestants (in the form of either live human players or human-written computer programs).



Humies Winners

• Application areas: antennas, biology, chemistry, 
computer vision, electrical engineering, electronics, 
games, image processing, mathematics, mechanical 
engineering, medicine, operations research, optics, 
optimization, photonics, physics, planning, polymers, 
quantum computing, security, software engineering

• Winningest technique: genetic programming

• Winningest problem type: design
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Evolution, the Designer

“Darwinian evolution is itself a designer worthy 
of significant respect, if not religious devotion.” 



Humies Gold Medal, 2012



Evolved Antenna

NASA Space Technology 5 Mission, Lohn, Hornby, and Linden

Humies Gold Medal, 2004



Line-Drawing Mechanism
• Without reference to an existing straight line

• Human-competitive results; challenged world’s greatest 
inventors for a century (spanning 18th and 19th)

Lipson, H. 2004. How to Draw a Straight Line Using a GP: Benchmarking Evolutionary Design 
Against 19th Century Kinematic Synthesis. GECCO-2004.
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Fig. 6. Some key straight-line mechanisms: (a) Watt’s original rack and sector solution, 

1782 [], (b) Watt improvement, 1784, (c) Watt’s first straight-line linkage mechanism [15], (d) 

Robert’s linkage, 1841 (e) Chebyshev’s linkage, 1867 (f) Peaucellier’s linkage, 1873, (g) 

Silverster-Kempe’s linkage, 1877, (h) Chebyshev’s combination, 1867 (i) Chebyshev-Evans 

combination, 1907. From [8]. 

yet I am more proud of the parallel motion than of any other mechanical invention I 
have ever made” [15]. 

Since the initial inception of the straight-line mechanism, many inventors engaged 

in improving and creating alternative designs. Figures 6d-i show a number of addi-

tional practical designs. The obsession with the straight-line mechanism continued 

well beyond what its practical usefulness merited, to become a mathematical puzzle 

in its own right. The challenge continued even after the invention of the perfect 

mechanism by Peaucellier in 1873 – a century after Watt’s initial invention. Numer-

ous straight-line mechanisms were proposed, as evident from the 39 different 

straight-line mechanisms shown in the Voigt catalog [19] of educational models (Fig-

Humies Silver Medal, 2012



Humies Gold Medal, 2004
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ABSTRACT
We describe the application of genetic programming (GP)
to a problem in pure mathematics, in the study of finite al-
gebras. We document the production of human-competitive
results in the discovery of particular algebraic terms, namely
discriminator, Pixley, majority and Mal’cev terms, showing
that GP can exceed the performance of every prior method
of finding these terms in either time or size by several or-
ders of magnitude. Our terms were produced using the ECJ
and PushGP genetic programming systems in configurations
that included alternative code generators, asynchronous is-
lands, trivial geography, parsimony-based selection, alpha-
inverted selection pressure, and fitness case challenges. We
conclude with a discussion of the prospects for further ap-
plications of the presented methods.

Categories and Subject Descriptors
I.2.2 [Artificial Intelligence]: Automatic Programming—
program synthesis; I.1.2 [Symbolic and Algebraic Ma-
nipulation]: Algorithms—algebraic algorithms

General Terms
Algorithms, Experimentation, Performance

Keywords
ECJ, genetic programming, finite algebras, PushGP

1. INTRODUCTION
Genetic programming (GP) has the potential for applica-

tion to many areas of mathematics. In particular, any area
in which open questions can be resolved by discovering rela-
tively small equations, terms, or finite structures is a promis-
ing area for the application of GP. For some such questions
the very existence of a constraint-satisfying equation, term
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or structure may settle the issue under study, while for oth-
ers the specific properties of discovered solutions may have
additional implications or provide additional insights.

In this paper we present initial but promising results from
the application of GP to an area of pure mathematics, the
study of finite algebras. While the idea for application in
this general area has been raised in the literature [?], we are
not aware of significant prior results. We document here the
discovery of particular algebraic terms that have both theo-
retical significance and quantifiable di⇤culty, and we argue
that the results we have achieved are human-competitive
according to widely promulgated criteria.

In the following section we briefly describe the relevant
mathematical context and the specific problems solved. In
Section ?? we describe the GP techniques that we used to
produce our results, which are themselves presented in Sec-
tion ??. In Section ?? we discuss the significance of these
results, including our claims of human-competitive perfor-
mance, and in Section ?? we summarize our findings and
discuss prospects for further applications of the presented
methods.

2. FINITE ALGEBRAS
For the sake of this paper, and within the over-arching

area of mathematics known as universal algebra, an algebra
A := ⌥A, F � consists of an underlying set A and an asso-
ciated collection F of operations f : Ar � A on A. The
natural number r is called the arity of the operation f . Uni-
versal algebra is a significant branch of mathematics with a
long history (for example see [?], [?], [?]), important sub-
disciplines such as group theory [?], and applications to sev-
eral areas of science and engineering.

We use the term finite algebra to refer to an algebra in
which the underlying set is finite. The finite algebra most
familiar to most computer scientists is the ordinary two-
element Boolean algebra, B := ⌥{0, 1},⇤,⌅,¬�, in which
the underlying set is {0, 1} and the associated operations
are the Boolean operators AND (⇤), OR (⌅) and NOT (¬).
These operations can be defined by tables:

⇥ 0 1
0 0 0
1 0 1

⇤ 0 1
0 0 1
1 1 1

¬
0 1
1 0

A well-known and convenient feature of Boolean alge-
bra is the fact that this small set of operations is su⇤cient

((((((((x∗(y∗x))∗x)∗z)∗(z∗x))∗((x∗(z∗(x∗(z∗y))))∗z))∗ 
z)∗z)∗(z∗((((x∗(((z∗z)∗x)∗(z∗x)))∗x)∗y)∗(((y∗(z∗(z∗ 
y)))∗(((y∗y)∗x)∗z))∗(x∗(((z∗z)∗x)∗(z∗(x∗(z∗y)))))))))

Humies Gold Medal, 2008







Intro Programming

Number IO, Small or Large, For Loop Index, Compare 
String Lengths, Double Letters, Collatz Numbers, Replace 
Space with Newline, String Differences, Even Squares, 
Wallis Pi, String Lengths Backwards, Last Index of Zero, 
Vector Average, Count Odds, Mirror Image, Super 
Anagrams, Sum of Squares, Vectors Summed, X-Word 
Lines, Pig Latin, Negative to Zero, Scrabble Score, Word 
Stats, Checksum, Digits, Grade, Median, Smallest, Syllables



• Multiple types, looping, multiple tasks

• Simplified solution:  
(\space char_dup exec_dup in1 \newline string_replacechar 
print_string string_removechar string_length)



Variation in GP
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Autoconstruction
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Autoconstruction
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A bit more complicated when genomes distinguished from programs





Autoconstructive Evolution

• Evolve evolution while evolving solutions

• How? Individuals produce and vary their own children, 
with methods that are subject to variation

• Requires understanding the evolution of variation

• Hope: May produce EC systems more powerful than we 
can write by hand



Needed for Evolution2

• Diversity: Individuals vary

• Diversification: Individuals produce descendants that 
vary, in various ways

• Recursive Variance: Individuals produce descendants that 
vary in the ways that they vary their offspring







Rivaling Ordinary GP

• Autoconstructive evolution can succeed as much and as 
fast as non-autoconstructive evolution

• In 20 runs in one configuration, 75% success within 300 
generations on Replace Space With Newline (100% by 
generation 628)

• Surprising!





Extending GP's Reach

• Without autoconstruction, string difference not yet 
solved by GP, despite many efforts/configurations

• 3 autoconstructive solutions so far



Prospects

• Evolutionary computation is already solving important, 
hard problems

• If it can be applied to itself, to evolve as it runs, then it 
will be able to solve harder problems

• We are beginning to see how this might work

• Help would be appreciated!









Risks

• Technology that we don't understand

• Like children and other life forms



Risks

• Technology that we don't understand

• Like children and other life forms



More

• pushlanguage.org

• http://hampshire.edu/lspector

• My office

http://pushlanguage.org
http://hampshire.edu/lspector
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Foundation.


