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It’s already there! 
 
Where the world of formal investigation of data ends…. 
 
The game of informal data analysis begins…. 
 
Examples: 
 

1) Optical density based assay of protein folding that 
doesn’t give us the details of the event. 

2) The digital image based study of entamoeba histolytica 
as shown and discussed by Prof Sudip Ghosh yesterday. 



It’s not surprising that both Biology and Mathematics 
stand on the foundation of logics 
 
Deductive reasoning or logic or rationalism (Aristotle: 384-
322 BC and René Descartes: 1596-1650): General to 
Specific 
 
Good example: 
 
 Any solar planet move along an elliptical path (First premise) 
 Venus is a solar planet (Second premise) 
 Therefore, move along an elliptical path (Conclusion) 

 



Not so good example 
 
 All cats have 4 legs. (First premise) 
 Don is a cat. (Second premise) 
 Therefore, Don has 4 legs. (Conclusion) 

 
Bad example (Wikipedia) (leading to erroneous conclusion) 
 
 All policemen are instruments of law. (First premise) 
 The piano is an instrument. (Second premise) 
 Therefore, all policemen are pianos. (Conclusion) 

 
  



 
 
Inductive reasoning (Specific to General) 
 
 90% of graduates from Excelsior Preparatory school go on to 

University (first premises) 
 Bob is a graduate of Excelsior Preparatory school (second 

Premises) 
 Therefore, Bob will go on to University (Prediction) 

 
  



Abductive reasoning - remember Sherlock Holmes 
(Giving best possible explanation from a set of facts) 
 
Example: 
 
 The old person is a confirmed COVID-19 patient (fact 1) 
 The person also has a confirmed report of entamiba 

histolytica infection (fact 2) 
 Even in absence of any treatment, the patient recovers 

within 3 days (fact 3) 
 Therefore, progress of COVID-19 infection is prevented by 

entamiba histolytica infection (explanation) 
  



Let us start with an old example of my work: application of 
data science to deduce/induce/abduce a biological event 

 

Introduction: 

System: RBC vesicle 

System interest: Role of spectrin to maintain integrity of RBC 
cell-membrane. 

 

Solution? 

Let’s start discussing on Systems engineering – the pillar of 
data science 



 

4 major braches of systems engineering are: 

 

 System study (System architecture, System dynamics, Systems 
analysis, Statistical analysis) 

 Systems modeling and simulation and validation 
 Systems optimization 
 Decision making about system (Systems classification, 

machine learning) 

 

 



 



 

 

  
 

  



 

Solution: Define parameters for quantitatively solve this 
difference. 

 

Parameters:  

1) 2D porosity: a novel one (derived from known 3D 
porosity) 

2) Fractal dimension: a known one 

 

We need to see the behavior of these parameters with the 
change of the amount of spectrin 



Behavior of porosity (p) and fractal dimension (D) with the 
change of the amount of spectrin 

 

  
 



Combined behavior of D and p 

 

 
 



The whole exercise was done to characterize the events in 
absence and presence of spectrin in various amounts. 

 

 

However, questions are: 

1) How can we deduce the role of spectrin? 
2) How this characterization is going to help us? 

  



We need to go back to take the help of the detectives 

 

Why? 

 

We need to re-create the crime scenes. 

 

To say it mathematically, 

 

We need to simulate the events. 

 



Task already completed 
 

1) We have studied the system 

2) We have characterized the system through D and p 

 

Task to be completed 
 

1) Re-creation of the crime scene (simulation) 

2) Identification of the system interest (what to simulate) 

3) Validation of the simulation through already characterized data 

  



Original version 

 
 

Zoomed version 

  
 



Interpretation of a digital image 

 

 



How does an object appear within a digital image? 

 

 



How can we reconstruct this object within a digital image 
space? 
 

It will depend on the geometric nature of the object. 
 

Examples: 

Shape (may be Euclidian, rough), size, number, span, etc. 
 

In summary: 

With nature of spread of the object-subunits within the 
image space. 

 



Mole’s labyrinth model (Cellular automata simulation) 

Descended from Theory of automata 

 



 

 
  



 

 



 

 
 



 

 
 

 



 

Validation through comparison of experimentally derived 
data 

 
 

 



Validation through experiment 

 
Time course description of the vesicular clustering: Magnified (1000x) gray images of a DMPC vesicle. The time 

course experiment was performed by registering digital images at 5, 15, 25, 35, 40, 45, 55, 60, and 65 min, 
respectively, starting from the hydration of the DMPC film. 



 

 

 

Thanks and welcome to 
questions 


