
Asexual reproduction optimization(ARO)



Weaknesses of GA
▪ Several parameters should be tuned by user
▪ Size of population

▪ Pc

▪ Pm

▪ Convergence speed



Asexual reproduction optimization

▪ ARO is individual-based method

▪ Suppose 𝑋 ∈ 𝑅𝑛 as an individual i.e. 𝑋 = (𝑥1, 𝑥2, … , 𝑥𝑛)

▪ Each 𝑥𝑖 is considered as a chromosome with the below structure:

▪ The length of each chromosome is l



▪ To start the algorithm, an individual is randomly initiated

▪ Next, the individual reproduces an offspring labeled bud by a particular 
operator

▪ The parent and its offspring compete to survive according to a fitness function.
▪ If the bud wins the competition, its parent will be discarded. Therefore, the bud is 

replaced with its parent and it becomes the new parent. 

▪ If the parent is better, then, the bud will be thrown away.

▪The algorithm repeats steps until the stopping criteria are satisfied.





▪ It is obvious that the choice of an appropriate reproduction operator is very 
crucial

▪ While ARO only applies one operator, most evolutionary algorithms use the 
number of operators to explore the search space and to exploit available 
information according to the traditional control theory.

▪ In order to reproduce, a substring which has gbits g ~ Uniform[1,L] in each 
chromosome is randomly chosen.

▪ Afterward bits of the substring mutate such that in any selected gene, 1 is 
replaced by 0 and vise versa.



▪ This substring named larva is a mutated form of its parent



▪ in the earlier version of ARO, merging of the genes were done with the 
probability of 0.5

▪ But in the new versions, to control the exploration, this probability if computed 
as:

▪ It is obvious that when g increases, p decreases and vice versa.



ARO strength and weakness points

ARO is an individual-based algorithm; hence despite population-based 
algorithms taking a lot of energy (i.e. time) to evolve, ARO consumes a little 
energy resulting a remarkable fast convergence time. This property of ARO make 
it very appropriate for real time applications.

ARO does not require any parameter tuning.

Furthermore, any selection mechanism is not necessary in ARO.



HapMap Project
▪Detecting specific DNA sequence variants that determine complex traits

▪The Project is a collaboration among scientists in Japan, the U.K., Canada, China,
Nigeria, and the U.S.

▪The Project officially started with a meeting on October 27-29, 2002
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Importance
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The genetic variations in DNA sequences (e.g., 
insertions, deletions, and mutations) have a major 
impact on genetic diseases and phenotypic differences.

All humans share 99% the same DNA sequence!



Single Nucleotide Polymorphism

A Single Nucleotide Polymorphisms (SNP), is a 
genetic variation when a single nucleotide (i.e., A, T, C, 
or G) is altered and kept through heredity. 

▪ SNP: Single DNA base variation found >1%

▪ Mutation: Single DNA base variation found <1%
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C T T A G C T T

C T T A G T T T

SNP

C T T A G C T T

C T T A G T T T

Mutation

94%

6%

99.9%

0.1%



Allele
▪Each of two or more alternative forms of a base that arise by 
mutation and are found at the same place on a chromosome

▪The nucleotide on a SNP locus is called:
◦ a major allele (if allele frequency > 50%), or

◦ a minor allele (if allele frequency < 50%).
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A C T T A G C T T
A C T T A G C T C C: Minor allele

94%

6%

T: Major allele



Haplotypes
A haplotype is a set of linked SNPs on the same 
chromosome.

◦ A haplotype can be simply considered as a 
binary string since each SNP is binary.
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SNP1 SNP2 SNP3

-A C T T A G C T T-

-A C T T T G C T C-

C A T

C T C

0 0 0

0 1 1



Haplotype Reconstruction
▪ Experimental methods
▪ Expensive

▪ Time-consuming 

▪ Low throughput
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Haplotype assembly
▪Problem statement
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Haplotype assembly
▪Data and type of errors
▪ Missing information

▪ Sequencing errors
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