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Introduction to Genetic Algorithm & their application in data science
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Introduction

 

Few days back, I started working on a practice problem – Big Mart Sales. After applying some simple models and
doing some feature engineering, I landed up on 219th position on the leader board.
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Not bad – but I needed something better.

So, I started searching for optimization techniques which could improve my score. It was during this search that I was
introduced to genetic algorithms. After applying Genetric algorithm to the practice problem, I ended up taking a
considerable leap on the leaderboard.

Yes, a jump from 219th to 15th position just on the basis on genetic algorithm. Isn’t that great? By end of this article,
you will be comfortable applying genetic algorithms and can expect similar benefit on the problems you are working
on.
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1. Intuition behind Genetic Algorithms

Let’s start with the famous quote by Charles Darwin:



It is not the strongest of the species that survives, nor the most intelligent , but the

one most responsive to change.

You must be thinking what has this quote got to do with genetic algorithm? Actually, the entire concept of a genetic
algorithm is based on the above line.

Let us understand with a basic example:  

Let’s take a hypothetical situation where, you are head of a country, and in order to keep your city safe from bad
things, you implement a policy like this.

You select all the good people, and ask them to extend their generation by having their children.
This repeats for a few generations.
You will notice that now you have an entire population of good people.

Now, that may not be entirely possible, but this example was just to help you understand the concept. So the basic
idea was that we changed the input (i.e. population) such that we get better output (i.e. better country).

Now, I suppose you have got some intuition that the concept of a genetic algorithm is somewhat related to biology. So
let’s us quickly grasp some little concepts, so that we can draw a parallel line between them.

 

2. Biological Inspiration

I am sure you would remember:

Cells are the basic building block of all living things.  

Therefore in each cell, there is the same set of chromosomes. Chromosome are basically the strings of DNA.

Traditionally, these chromosomes are represented in binary as strings of 0’s and 1’s.  



Source : link

A chromosome consists of genes, commonly referred as blocks of DNA, where each gene encodes a specific trait, for
example hair color or eye color.

I wanted you to recall these basics concept of biology before going further. Let’s get back and understand what
actually is a genetic algorithm?

 

3. What is a Genetic Algorithm?

Let’s get back to the example we discussed above and summarize what we did.

1. Firstly, we defined our initial population as our countrymen.
2. We defined a function to classify whether is a person is good or bad.
3. Then we selected good people for mating to produce their off-springs.
4. And finally, these off-springs replace the bad people from the population and this process repeats.

This is how genetic algorithm actually works, which basically tries to mimic the human evolution to some extent.

So to formalize a definition of a genetic algorithm, we can say that it is an optimization technique, which tries to find
out such values of input so that we get the best output values or results.

The working of a genetic algorithm is also derived from biology, which is as shown in the image below.

https://www.tutorialspoint.com/genetic_algorithms/genetic_algorithms_fundamentals.htm


Source: link

So, let us try to understand the steps one by one.

 

4. Steps Involved in Genetic Algorithm

Here, to make things easier, let us understand it by the famous Knapsack problem.

If you haven’t come across this problem, let me introduce my version of this problem.

Let’s say, you are going to spend a month in the wilderness. Only thing you are carrying is the backpack which can
hold a maximum weight of 30 kg. Now you have different survival items, each having its own “Survival Points” (which
are given for each item in the table). So, your objective is maximise the survival points.

Here is the table giving details about each item.

https://www.neuraldesigner.com/blog/genetic_algorithms_for_feature_selection
https://en.wikipedia.org/wiki/Knapsack_problem


 

4.1 Initialisation

To solve this problem using genetic algorithm, our first step would be defining our population. So our population will
contain individuals, each having their own set of chromosomes. 

We know that, chromosomes are binary strings, where for this problem 1 would mean that the following item is taken
and 0 meaning that it is dropped.

This set of chromosome is considered as our initial population.

 

4.2 Fitness Function

Let us calculate fitness points for our first two chromosomes.

For A1 chromosome [100110],

 

Similarly for A2 chromosome [001110],



So, for this problem, our chromosome will be considered as more fit when it contains more survival points.

Therefore chromosome 1 is more fit than chromosome 2.

 

4.3 Selection

Now, we can select fit chromosomes from our population which can mate and create their off-springs.

General thought is that we should select the fit chromosomes and allow them to produce off-springs. But that would
lead to chromosomes that are more close to one another in a few next generation, and therefore less diversity.

Therefore, we generally use Roulette Wheel Selection method.

Don’t be afraid of name, just take a look at the image below.

I suppose we all have seen this, either in real or in movies. So, let’s build our roulette wheel.

Consider a wheel, and let’s divide that into m divisions, where m is the number of chromosomes in our populations.
The area occupied by each chromosome will be proportional to its fitness value.

 

Based on these values, let us create our roulette wheel.



So, now this wheel is rotated and the region of wheel which comes in front of the fixed point is chosen as the parent.
For the second parent, the same process is repeated.

Sometimes we mark two fixed point as shown in the figure below.

So, in this method we can get both our parents in one go. This method is known as Stochastic Universal Selection
method.

 

4.4 Crossover

So in this previous step, we have selected parent chromosomes that will produce off-springs. So in biological terms,
crossover is nothing but reproduction.

So let us find the crossover of chromosome 1 and 4, which were selected in the previous step. Take a look at the
image below.



This is the most basic form of crossover, known as one point crossover. Here we select a random crossover point and
the tails of both the chromosomes are swapped to produce a new off-springs.

If you take two crossover point, then it will called as multi point crossover which is as shown below.

4.5 Mutation

Now if you think in the biological sense, are the children produced have the same traits as their parents? The answer
is NO. During their growth, there is some change in the genes of children which makes them different from its parents.

This process is known as mutation, which may be defined as a random tweak in the chromosome, which also
promotes the idea of diversity in the population.

A simple method of mutation is shown in the image below.

So the entire process is summarise as shown in the figure.



Source : link

 

The off-springs thus produced are again validated using our fitness function, and if considered fit then will replace the
less fit chromosomes from the population.

But the question is how we will get to know that we have reached our best possible solution?

So basically there are different termination conditions, which are listed below:

1. There is no improvement in the population for over x iterations.
2. We have already predefined an absolute number of generation for our algorithm.
3. When our fitness function has reached a predefined value.

 

Now, I suppose you have grasp the basic understanding of the genetic algorithm. So now let us look at some of the
application of genetic algorithm in data science.

 

5. Application of Genetic Algorithm

5.1 Feature Selection

Every time you participate in a data science competition, how do you select features that are important in prediction
of the target variable? You always look at the feature importance of some model, and then manually decide the
threshold, and select the features which have importance above that threshold.

Is there any better way to deal with this kind of situations? Actually one of the most advanced algorithms for feature
selection is genetic algorithm.

The method here is completely same as the one we did with the knapsack problem.

We will again start with the population of chromosome, where each chromosome will be binary string. 1 will denote
“inclusion” of feature in model and 0 will denote “exclusion” of feature in the model.

And another difference would be that the fitness function would be changed. The fitness function here will be our
accuracy metric of the competition. The more accurate our set of chromosome in predicting value, the more fit it will
be.

I suppose, you would now be thinking is there any use of such tough tasks. I will not answer this question now, rather
let us look at the implementation of it using TPOT library and then you decide this.

 

5.2 Implementation using TPOT library

http://www.jade-cheng.com/au/coalhmm/optimization/


So finally, here the comes the part for which you have been waiting from the beginning of this article.  

First, let’s take a quick view on the TPOT (Tree-based Pipeline Optimisation Technique) which is build upon scikit-learn
library.  

A basic pipeline structure is shown in the image below.

So the highlighted grey section in the image above is automated using TPOT. This automation is achieved using
genetic algorithm.

So, without going deep into this, let’s directly try to implement it.

For using TPOT library, you first have to install some existing python libraries on which TPOT is build. So let us quickly
install them.

# installing DEAP, update_checker and tqdm  

 

pip install deap update_checker tqdm 

 

# installling TPOT  

 

pip install tpot

For the implementation part, here I have used Big Mart Sales dataset. So quickly download the train and test file.

Now let’s look at its python code.

https://datahack.analyticsvidhya.com/contest/practice-problem-big-mart-sales-iii/


 

Once this code finishes running,  tpot_exported_pipeline.py  will contain the Python code for the optimised
pipeline. We can see that ExtraTreeRegressor worked best for this problem.

## predicting using tpot optimised pipeline

tpot_pred = tpot.predict(tpot_test) 

sub1 = pd.DataFrame(data=tpot_pred) 

#sub1.index = np.arange(0, len(test)+1) 

sub1 = sub1.rename(columns = {'0':'Item_Outlet_Sales'}) 

sub1['Item_Identifier'] = test['Item_Identifier'] 

sub1['Outlet_Identifier'] = test['Outlet_Identifier'] 

sub1.columns = ['Item_Outlet_Sales','Item_Identifier','Outlet_Identifier'] 

sub1 = sub1[['Item_Identifier','Outlet_Identifier','Item_Outlet_Sales']] 

https://id.analyticsvidhya.com/accounts/login/?next=https://www.analyticsvidhya.com/blog/2017/07/introduction-to-genetic-algorithm/?&utm_source=coding-window-blog&source=coding-window-blog


sub1.to_csv('tpot.csv',index=False) 

 

If you submit this csv, you will notice that what I promised in the start has not been fulfilled. Was I lying to make you
study all of these?

No, actually there is a simple rule of TPOT library, if you don’t run TPOT for very long, then it may not find the best
possible pipeline for your problem.

So, increase the number of generations, grab a cup of coffee and go out for a walk. TPOT will finish your work.

You can also do classification problems with this library. For more, I would suggest you to once check out its
documentation.

Besides competitions, genetic algorithm also have many applications in the real world.

 

6. Applications in Real World

Genetic algorithm has many applications in real world. Here I have listed some of the interesting application, but
explaining each one of them will require me an extra article.

6.1 Engineering Design

Engineering design has relied heavily on computer modeling and simulation to make design cycle process fast and
economical. Genetic algorithm has been used to optimize and provide a robust solution.

Resources: link

 

6.2 Traffic and Shipment Routing (Travelling Salesman Problem)

This is a famous problem and has been efficiently adopted by many sales-based companies as it is time saving and
economical. This is also achieved using genetic algorithm.

http://rhiever.github.io/tpot/
http://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=16942&context=rtd


 

Source: link

 

6.3 Robotics

The use of genetic algorithm in the field of robotics is quite big. Actually, genetic algorithm is being used to create
learning robots which will behave as a human and will do tasks like cooking our meal, do our laundry etc.

Resources: link

Now after these I suppose, you must have developed enough curiosity to look out for some more other interesting
applications of genetic algorithms. Also you can comment down if you want to share that with us.

 

7. End Notes

I hope that now you have gain enough understanding about what genetic algorithm is and also how to implement it
using TPOT library. But this knowledge is not enough, if you don’t apply it somewhere.

So try to implement it whether in any real world application or in a data science competition. If you face any
difficulties, feel free to write on our discussion portal.

Did you find this article helpful? Please share your opinions / thoughts in the comments section below.

Learn, compete, hack and get hired!
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