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Introduction – Lecture Outline 
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0.  Short questionnaire 

 

1. What is this course about?  

  Why should biologists be interested? 

 

2. Course topics 

 

3. Technicalities 



What is Computation? 
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• A well defined set of calculations* used to process information. 

• An algorithm (or protocol) is the description of a computational process, which 

may use memory (read/write), and be organized in some control flow structure 

(e.g. if-else, while, recursion,…). 

 

• Examples for common computational problems: 

Text search Finding shortest 

path (Waze) 
Finding a root of 

a function 
Sorting records 

* Calculations are usually referred to as arithmetic operations on numbers.  

   Unfortunately, in Hebrew there is only one word for computation and calculation. 

Image processing 



Computer Science (CS) 
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The discipline of computer science aims at investigating the various facets of 

computations. 

 

A partial overview of CS areas (classification somewhat controversial): 

• Theory: 
- theory of algorithms 

- data structures 

- cryptography 

- complexity (what can/cannot be computed efficiently?) 

- computability (what can/cannot be computed at all?) 

 

• Systems 
- hardware, software, networks, operating systems (OS), security 

 

• Applications 
- robotics and artificial intelligence (AI) 

- signal  processing (e.g. image, sound) 

- Computational linguistics 

- Databases 

- computational geometry 

- computational biology (bioinformatics) 

- … 



Computer Science 
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“Computer Science is no more about computers than   

 

 astronomy is about telescopes“. 

 

E. W. Dijkstra (1930-2002)  
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Computer Science Life Sciences 

Modern bio-technologies 
provide huge amounts of 
data of various types: 

Organizing and analyzing 
data for gaining meaningful  
knowledge requires 
computational methods: 

Computational Biology 
(bioinformatics) 

DNA sequencing 

Biological images 

Expression levels 

Text (string) 
analysis 

Image 
processing 

Graph (network) 
theory 

Computational 

Biology? 



The revolution of Modern Biology 

The new generation of biologists is likely to routinely use computational and mathematical approaches 

Biology education hardly begins to reflect this revolution 

Computer Science Life Sciences 

In the 21st century, the way biology is taught is very similar to that of the end of the 20th century. 

“Computing Has Changed Biology—Biology Education Must Catch Up” 
Pavel Pevzner and Ron Shamir,  Science education forum, 2009 

../Papers/CS education for LS/Biology-must-catch-up.pdf


Cultural Gap 

Concrete 

 

Descriptive, 

Literal 

 

Empirical 

Abstract 

 

Mathematical 

 

Logical 
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Computer Science Life Sciences 



Bridging the Cultural Gap 
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How to bridge? 

 
1) Teaching the use of bioinformatics 

tools and databases (Entrez, Blast,…) 

 

2) Teaching programming 

 

3) Teaching computational      

approaches and way of thinking 

dna = input("please enter a dna sequence\n") 

A = dna.count("A") 

T = dna.count("T") 

C = dna.count("G") 

G = dna.count("C") 

print(100*(C+G)/(A+T+C+G)) 

A program in Python that calculates GC contents of a DNA 

sequence 

•  Concepts, principles, and ideas 

•  Abstract / algorithmic thinking  

•  The use of models and simulations. 

•  Communication with the computational community 

http://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.bio.davidson.edu/courses/genomics/2006/sullivan/yfyg.html&ei=BeoDVau9GoHqOL3UgbgL&psig=AFQjCNFmvLxAvlVxwOX6FAxNv9ernqCjjQ&ust=1426405834114447


Computational Approaches… ? 
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or: what’s different from other intro’s ? 

skills in the focus course 

basic programming Introduction to C/Matlab 

bioinformatics tool handling Introduction to bioinformatics 

computational approaches 

and way of thinking  

Computational Approaches for Life 

Scientists 

This course: 

• emphasizes "computational thinking" and fundamental CS ideas 

• is designed specifically for life science students 

• is broad rather than deep 

• compensates for the lack of discrete (non-continuous) notions in bio education. 

 

This course is NOT: 

• a course in programming* 

• a course on specific tools / software 

• a statistics / probability / diff. equations course 

* although we will use quite a lot of programming, which is a prerequisite 
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•  Programming: 

- We will use programming mostly as a “vehicle” to demonstrate course topics.  

- But you will need to “wet your hands”.  

- So if you really hate it… 

 

• Level of formalism 

We’ll be using the appropriate level of formalism to match students' backgrounds. 

- Much less technical than "pure" computer science courses. 

- Still, some formalism will be necessary and even wanted. 

- So if you can’t even look at a formula… 

 

• No memorizing.  

- So if you really, ehmmm, like it… 

 

• As you may have understood by now, this course is very different in nature from 

other elective biology courses. There are other, easier choices! 

... for Life Scientists 
or: is this course really for me? 



Structure of Topics Presentation 

3. Programming issues 

2. Exposure to computational notions 

1. Motivating biological problem 

4. Reflection on acquired computational concepts and thinking processes 
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Structure of the Course 
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CS Examples Biological 
domain 

String 
algorithms 

 

• Is sequence A included in sequence B? 
 

• Does a gene contain a repeating k-mer?  
• The longest one? 

 
• How to search for motifs in a gene / protein? 

Biological 
sequences 

Digital 
image 
processing 

• How many bright cells are in an image? 
 

• How to clean an image from noise? 
 
 

Biological 
images 

Models and 
simulation 

• Game of life and cellular automata 
 

• Simulation of regulation networks 
 
 

Dynamic 
biological 
systems 

Graph 
theory 

• What is the shortest path for a neuronal signal 
     to pass from A to B? 

 
• Does a gene knockout disconnects 2 proteins? 

Biological 
networks 

First 2 weeks – A crash introduction to programming in Python. And then: 

http://www.ibiblio.org/lifepatterns/


Technicalities 
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Contact:  

 Amir Rubinstein 

 email: amirr A T tau.ac.il 

 Office hours: right before/after class, coordinate by email. 

 

Grade:   25% HW, given about every 2 weeks. 

   Assignments include theoretic and "wet" questions.  

   Submission in pairs. 

          75% project after the course ends 

 

The project will include the application of one or more approaches learned in the 

course on real biological data. Topic and data should be proposed, at least partly, 

by the students. This will allow you to choose topics that you like better, or that 

are more relevant to you. 

 

Website:    www.ca4ls.wikidot.com 

            Everything will appear there, including all the code I show and write in class. 

http://www.ca4ls.wikidot.com/
http://www.ca4ls.wikidot.com/
http://www.ca4ls.wikidot.com/

