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GENETIC ALGORITHM

 A Genetic Algorithm (GA) is a search
technique used in computing to find exact or
approximate solutions to optimization and
search problems.

 GA uses techniques inspired by evolutionary
biology such as inheritance, mutation,
selection, and crossover.

Citation: http://en.wikipedia.org/wiki/Genetic_algorithm



FUNDAMENTAL IDEA

“Select The Best, Discard The Rest”

Citation: http://www.cs.sunysb.edu/~cse634/spring2009/Genetic_Algorithms.pdf - CSE 590/ 634  Spring 2009 Class presentation on Genetic 
Algorithms by Rucha Lale, Gaurav Naigaonkar, and Kumaran Shanmugam

http://www.cs.sunysb.edu/~cse634/spring2009/Genetic_Algorithms.pdf


REQUIREMENTS

 A typical genetic algorithm requires:

 Genetic Representation:
 A way of representing solutions/individuals in

evolutionary computation methods.

 Fitness Function:

 A particular type of objective function that
quantifies the optimality of a solution

Citation: http://en.wikipedia.org/wiki/Genetic_algorithm



FITNESS LANDSCAPE

 In evolutionary biology, fitness landscapes or adaptive 
landscapes are used to visualize the relationship 
between genotypes (or phenotypes) and reproductive 
success. 

Citation: http://en.wikipedia.org/wiki/Fitness_landscape



ENCODING

 Binary Encoding

In binary encoding every chromosome is a string of bits, 0 or
1.

Chromosome A: 101100101100101011100101

Chromosome B: 111111100000110000011111

Binary encoding is the most common, mainly because first works about GA 
used this type of encoding.

Citation: http://www.obitko.com/tutorials/genetic-algorithms/encoding.php



ENCODING

 Permutation Encoding

In permutation encoding, every chromosome is a string of

numbers, which represents number in a sequence.

Chromosome A: 1 5 3 2 6 4 7 9 8 

Chromosome B: 8 5 6 7 2 3 1 4 9

Permutation encoding can be used in ordering problems, such as 
travelling salesman problem or task ordering problem. 

Citation: http://www.obitko.com/tutorials/genetic-algorithms/encoding.php



ENCODING

 Many Character Real-Valued Encoding 

In value encoding, every chromosome is a string of some

values. Values can be anything connected to problem, form
numbers, real numbers or chars to some complicated objects.

Chromosome A: 1.2324 5.3243 0.4556 2.3293 2.4545 

Chromosome B: 2.3245 2.3253 4.4656 5.2193 0.8721 

Direct value encoding can be used in problems, where some complicated
value, such as real numbers, are used. Use of binary encoding for this type
of problems would be very difficult. [Neural Network]

Citation: http://www.obitko.com/tutorials/genetic-algorithms/encoding.php



ENCODING

 Tree Encoding 

In tree encoding every chromosome is a tree of some objects, such
as functions or commands in programming language.

 Tree encoding is used mainly for evolving programs or expressions,
for genetic programming.

 Tree encoding is natural for encoding evolving programs. The
programming language LISP is convenient for tree representation,
because the set-based LISP structures are naturally tree-like, so the
crossover and mutation can be done relatively easily.

Citation: http://www.obitko.com/tutorials/genetic-algorithms/encoding.php



ENCODING

Tree Encoding:

• Open Ended Search Space

• Possibility of Uncontrolled Tree 
Growth

• Difficult to understand and 
simplify if the Tree is large

Citation: http://www.obitko.com/tutorials/genetic-
algorithms/encoding.php
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ENCODING

 Which Encoding Method do you choose ???

“Use whatever encoding is the most natural for your problem, and then 
devise a GA that can use that encoding” –Lawrence Davis 1991

 Citation: An introduction to genetic algorithms  By Melanie Mitchell MIT Press, 1998 ISBN 0262631857, 9780262631853



CROSSOVER

Crossover Rate

 Chance that two chromosomes will swap 
elements

 Various crossover operators

 Typical rate is ~0.7

Citation: "The Genetic Algorithm - a brief overview". AI Junkie. http://www.ai-junkie.com/ga/intro/gat2.html



CROSSOVER OPERATORS

Binary Encoding
 Single-point
 Two-point
 Uniform: bits randomly copied from either 

first or second parent
 Arithmetic: e.g. 11001011 + 11011111 = 

11001001 (AND)

Permutation Encoding
 Single-point: copy from first parent until 

crossover point, then copy elements from 
second parent not already added. e.g. (1 2 3 
4 5 6 7 8 9) + (4 5 3 6 8 9 7 2 1) = (1 2 3 4 5  6 8 
9 7)

Citation: ] "XI. Crossover and Mutation". "Introduction to Genetic Algorithms". Tutorials by Marek Obitko. http://www.obitko.com/tutorials/genetic-
algorithms/crossover-mutation.php



CROSSOVER OPERATORS

Tree Encoding Crossover:

Citation: ] "XI. Crossover and Mutation". "Introduction to Genetic Algorithms". Tutorials by Marek Obitko. http://www.obitko.com/tutorials/genetic-
algorithms/crossover-mutation.php



Crossover Operators

Real-valued encoding
 Heuristic crossover [6]:

 Offspring1 = BetterParent + r * (BetterParent – WorseParent)
 Offspring2 = BetterParent
 R [ɴ0,1]
 Example:

 p1 = (0.1 0.2)
 p2 = (0.2 0.3)
 r = 0.4 
 f(p1) < f(p2)
 Offspring1 = (0.2 0.3) + 0.4 * ((0.2 0.3) – (0.1 0.2)) = (0.2 0.3) + 0.4 * (0.1  

0.1) = (0.2 0.3) + (0.04 0.04) = (0.24 0.34)
 Offspring2 = (0.2 0.3)

“Crossover”. “Genetic Server/Library”. NeuroDimension Inc. 2002. http://www.nd.com/products/genetic/crossover.htm



MUTATION

Mutation Rate

 Chance that mutation 
operation will be 
performed on a given 
element

 Usually fairly low ~0.001-
0.25 depending on 
application

 Used to avoid local 
minima

XI. Crossover and Mutation". "Introduction to Genetic Algorithms". Tutorials by Marek Obitko. http://www.obitko.com/tutorials/genetic-
algorithms/crossover-mutation.php



MUTATION OPERATORS

Point Mutation
 Bit Encoding
 Bit inversion e.g. 11001001 => 10001001

 Permutation Encoding
 Order changing e.g. (1 2 3 4 5 6 8 9 7) => (1 8 3 4 5

6 2 9 7)
 Real-Valued Encoding
 Arithmetic operation e.g. (1.29 5.68 2.86 4.11

5.55) => (1.29 5.68 2.73 4.22 5.55)
 Rate of mutation should be proportional to

number of elements e.g. 1/n [4]

XI. Crossover and Mutation". "Introduction to Genetic Algorithms". Tutorials by Marek Obitko. http://www.obitko.com/tutorials/genetic-
algorithms/crossover-mutation.php



MUTATION OPERATORS

 Tree Encoding
 Changing operator or number for tree encoding

Frameshift Mutation

 One or more bases inserted/deleted

Gaussian ('creep') operators (Back and Schwefel 1993)

 Add random value from Gaussian distribution to each element
 More "natural" mutation

Adaptive mutation

 Measure increase in fitness due to particular mutations, and attempt to 
match future mutations with degree of most successful past mutations [4]

 Still need need variation to avoid localizing the mutation process

XI. Crossover and Mutation". "Introduction to Genetic Algorithms". Tutorials by Marek Obitko. http://www.obitko.com/tutorials/genetic-
algorithms/crossover-mutation.php



Why it does, what it does ?



FOUNDATION

 Genetic algorithms are relatively simple to
implement, but their behavior is difficult to
understand. In particular it is difficult to
understand why they are often successful in
generating solutions of high fitness.

 A formal model for the effectiveness of the
GA search process needs to be provided.

Citation: http://en.wikipedia.org/wiki/Genetic_algorithm
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 A schema is a template that identifies a 
subset of strings with similarities at certain 
string positions.

 Consider binary strings of length 6. The 
schema 1**0*1 describes the set of all strings 
of length 6 with 1's at positions 1 and 6 and a 
0 at position 4.

Citation: http://en.wikipedia.org/wiki/Holland%27s_schema_theorem
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 Order: Number of fixed positions in the template

 Defining Length δ(H): The distance between the 
first and last specific positions. 

 Fitness of a schema: is the average fitness of all 
strings matching the schema. 

The order of 1**0*1 is 3 and its defining length is 5.

Citation: http://en.wikipedia.org/wiki/Holland%27s_schema_theorem
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The schema theorem states that short, low-order, schemata with
above-average fitness, increase exponentially in successive
generations. Expressed as an equation:

-Holland, Adaptationin NaturalandArtificialSystems, The MIT Press; Reprint edition 1992 (originally published in 1975).

m(H,t): the number of strings belonging to schema H at generation t

f(H) : the observedfitness of schema H

at: : the observedaverage fitness at generation t.

p : the probability that crossover or mutation will destroy the schema H.

Citation: http://en.wikipedia.org/wiki/Holland%27s_schema_theorem
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The probability of disruption: the probability that crossover or mutation will
destroy the schema H.

o(H) : the number of fixed positions

l : the length of the code

pm : the probability of mutation

pc : the probability of crossover

δ(H) : defining length

So a schema with a shorter defining length δ(H) is less likely to be disrupted.

Citation: http://en.wikipedia.org/wiki/Holland%27s_schema_theorem



BUILDING BLOCK HYPOTHESIS

Building Block Hypothesis Consists of:

 A description of an abstract adaptive mechanism that
performs adaptation by recombining "building blocks",
i.e. low order, low defining-length schemata with above
average fitness.

 A hypothesis that a genetic algorithm performs
adaptation by implicitly and efficiently implementing
this abstract adaptive mechanism.

Citation: http://en.wikipedia.org/wiki/Genetic_algorithm



BUILDING BLOCK HYPOTHESIS

“Short, low order, and highly fit schemata are
sampled, recombined [crossed over], and resampled
to form strings of potentially higher fitness. In a way,
by working with these particular schemata [the
building blocks], we have reduced the complexity of
our problem; instead of building high-performance
strings by trying every conceivable combination, we
construct better and better strings from the best
partial solutions of past samplings. “
– Goldberg 1989

* Messy Genetic Algorithms

Citation: http://en.wikipedia.org/wiki/Genetic_algorithm



Genetic Programming



GENETIC PROGRAMMING

 Genetic Programming (GP) is an evolutionary algorithm-based
methodology to find computer programs that perform a user-
defined task.

 It is a specialization of Genetic Algorithms (GA) where each
individual is a computer program.

 Genetic programming (GP) is an automated method for creating
a working computer program from a high-level problem
statement of a problem. Genetic programming starts from a
high-level statement of “what needs to be done” and
automatically creates a computer program to solve the problem.

Citation: http://en.wikipedia.org/wiki/Genetic_programming

http://www.genetic-programming.org/



CHROMOSOME REPRESENTATION
GP evolves computer programs, traditionally represented in memory as Tree
Structures. Trees can be easily evaluated in a recursive manner. Every tree node has
an operator function and every terminal node has an operand, making
mathematical expressions easy to evolve and evaluate.

Thus traditionally GP favors the use of programming languages that naturally
embody tree structures (for example, Lisp)

Citation: http://en.wikipedia.org/wiki/Genetic_programming



 Can you always design a fitness function ???

 What if the domain includes music, image
etc. which depends on an individual’s
preference ?



INTERACTIVE GA

 An Interactive Genetic Algorithm (IGA) is
defined as a Genetic Algorithm that uses human
evaluation. These algorithms belong to a more
general category of Interactive evolutionary
computation.

 The main application of these techniques include
domains where it is hard or impossible to design
a computational fitness function, for example,
evolving images, music, various artistic designs
and forms to fit a user's aesthetic preferences.

Citation: http://en.wikipedia.org/wiki/Interactive_genetic_algorithm



HUMAN BASED GA

 One step further

 Creating symbiotic human machine
intelligence

 Human-Based Genetic Algorithm (HBGA) is a
genetic algorithm that allows humans to
contribute solution suggestions to the
evolutionary process.

Citation: http://en.wikipedia.org/wiki/HBGA



HBGA

 All four genetic operators (initialization, mutation,
crossover, and selection) can be delegated to humans using
appropriate interfaces.

 Facilitates consensus and decision making by integrating
individual preferences of its users.

 An HBGA is usually a Multi-Agent System, delegating
genetic operations to multiple agents (humans).

Citation: http://en.wikipedia.org/wiki/HBGA



HBGA
 The HBGA methodology was derived in 1999-2000 from analysis of the

Free Knowledge Exchange project that was launched in the summer of
1998, in Russia

 Users were also free to choose the next genetic operation to perform.

 Currently, several other projects implement the same model, the most
popular being “Yahoo! Answers”, launched in December 2005.

 Recent research suggests that human-based innovation operators are
advantageous not only where it is hard to design an efficient computational
mutation and/or crossover (e.g. when evolving solutions in natural
language), but also in the case where good computational innovation
operators are readily available, e.g. when evolving an abstract picture or
colors. In the latter case, human and computational innovation can
complement each other, producing cooperative results and improving
general user experience by ensuring that spontaneous creativity of users
will not be lost.

Citation: http://en.wikipedia.org/wiki/HBGA
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