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Outline

¾optimization problem (a quick reminder)

¾conventional optimization methods and 

their limitations

¾nature as an optimization tool

¾Classical Genetic Algorithm (in details)

¾examples (how to proceed within CGA?)

¾extensions

¾ few practical advices



Optimization problem

¾one of the most common problems in 

science and engineering (so also in 

nanosciences)

¾ there is a set of variables, we are looking 

for optimum values of variables, i.e. values 

that minimize or maximize some function

¾ this function is usually called objective 

function or target function (also penalty 

function)



Some trivial exmaple
¾ we need to build a cylindrical 

container that will hold 80 m3

of fuel
¾ what are the dimensions 

of container (R=?, h=?) 
so that the amount of 
material is minimized?

¾ our objective function 
is:

fobj=fobj(R,h)=S(R, h)

with an additional request 
that:

Ŕ2h = 80



Other example 

¾ The Travelling Salesman Problem: finding an 

optimum sequence for visiting a set of cities

¾ the cost function 

is constructed 

as a total distance 

travelled by the 

salesman



Travelling Salesman Problem
¾ n points distributed randomly on a plane

¾ solution

¾ additional requests

¾ must be a permutation of n-element set

¾ objective function

¾ where                       denotes distance between cities of numbers

xi and xi+1
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Another version of TSP

¾ robot drilling Printed 
Circuit Board (PCB)

¾ what is the shortest 
path to drill?

Why the TSP is so difficult?
¾ belongs to the so called 
ĂNP-hardò (non-deterministic,
polymonial time) class of 
problems

¾ number of possible solutions
grows as n!

n Pn=n!

1 1

2 2

3 6

10 3 628 800

20 2.43Ā1018

50 3.04Ā1064



Other examples

¾ acoustic expertise

¾ design of ships and airplanes

¾ drugs development

¾ nanosciences: geometry optimization, 

parameterization of 

interatomic potentials



Few obviousnesses

¾ many of this problems can be formulated 
as a seeking for maximum (or minimum) 
of some real function

¾ whose form is obtained from fundamentals laws 
of considered discipline

¾ and which often is a high-dimensional
¾ and may possess many, nearly located extrema
¾and thus give many Ăapparently optimalò 

solutions
¾ the analytical form of it may be very complex
¾ so the evaluation very costful!



Traditional Optimization Methods

Grid techniques / regular search
¾ sample the function at n points, 

distributed randomly or 
uniformly

¾ return the best solution (point) 
found

Main limitations:
¾ works only if dimensionality of 

our problem is low
¾ works also in cases where 

problem is discrete and the 
number of possible solutions is 
small (we can enumerate all 
solutions)


