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0.  Short questionaire 
 

1. What is this course about?  
   Why should biologists be interested? 

 
2. Course topics 
 
3. Technicalities 



Computation 
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Computation:  
• A process of executing a well defined series of calculations*. 
• Such a process can be precisely defined by an algorithm or protocol. 
• Examples for common computational problems: 

Text search Finding shortest 
path (GPS) 

Finding a root of 
a function 

Sorting records 

* Calculations are usually referred to as arithmetic operations, memory access (read/write), etc.  
   Pay attention that in Hebrew, there is only one word for computation and calculation. 



Computer Science 
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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 (how to efficiently organize data?) 
- Complexity (what can/cannot be computed efficiently?) 
- Computability (what can/cannot be computed at all?) 

• Systems 
- Hardware, Software, Networks, Operating systems, Systems security 

• Applications 
- Robotics and AI 
- Signal  processing (e.g. image) 
- 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)  



Computational Biology 
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• Modern biology has been undergoing a revolution in recent decades. 
 Modern bio-technology provides huge amounts of data. 

 
• Methodologies and paradigms from Computer Science and Mathematics are 

being incorporated into life sciences, and are starting to influence daily lab 
practices. 
 

• This created the field of Computational Biology (Bioinformatics). 

“ This new generation of biologists will routinely use mathematical 
models and computational approaches to frame hypotheses, design 
experiments, and analyze results. “ 

SCIENCE MAGAZIN 2011 



“Computational Approaches…” ? 
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• In the “introduction to C/Matlab” courses you have learned how to define 
computations in terms of programs. 

 
         You have mostly learned basic programming. 
 
• In the “introduction to bioinformatics” (for those who have taken it) you 

have learned how to use existing tools and some details on their algorithms. 
 

         You have mostly learned tool handling. 
 
• Is this not enough for today’s undergraduate/graduate biologist?? 
 In the last decade, we see dozens of papers, initiatives, courses, forums 

tackling this exact issue. 
• The answer in short is: No. 

or: what’s different from other intro’s ? 



SCIENCE MAGAZIN 2004 
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The report recommends a comprehensive reevaluation of undergradu- 
ate science education for future biomedical researchers. In particular it calls 
for a renewed discussion on the ways that engineering and computer sci- 
ence, as well as chemistry, physics, and mathematics are presented to life 
science students. 

9 



Computational Approaches 

10 * Although we will learn and use quite a lot of programming in this course 

 
What’s missing then? 
• Deeper exposure to computational “way of thinking” and “culture”. 

 
• Teaching fundamental concepts and ideas from computer science 

 
• Improving abstract thinking and the use of models. 

 
• A step further beyond the level of programming* and tool handling. 

skills in the focus course 
basic programming introduction to C/Matlab 
bioinformatics tool handling introduction to bioinformatics 
computational way of thinking  Computational Approaches for Life Scientists 



“... for Life Scientists” (1) 
or: is this course really for me? 

11 

By the end of this course you are expected to: 
 
• Be familiar with some basic computational ideas relevant for biology 

 
• Develop your  abstract, algorithmic and logical thinking 

 
• Enhance your ability to use modeling and simulation. 

 
• Improve your skills for communication with the computational community  

(in particular computational biologists). 
 

• Improve your skills for the design and implementation in code of some basic 
computational analyses, tailored for specific research needs. 
 

• Broaden your perspective on the biological sciences. 
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• The course is designed specifically for students of the life-sciences  
• biology, medical sciences, biotechnology, etc. 
• Undergraduate and Graduate 
• All topics and examples are very relevant to this audience 

 
• 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. 

 
•  Programming: 

- We will use programming mostly as a “vehicle” to demonstrate course topics.  
- Usually you will be given some existing code and work with it / manipulate it 

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

“... for Life Scientists” (2) 
 or: is this course really for me? 
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• As you have understood by now, this course is very different in nature from 

other elective biology courses. 
 Will take you out of your comfort zone. 

 
• Requires prior knowledge in programming (intro course or similar). 

 
• We will use very simple and intuitive math, but if you really hate it… 

 
• No memorizing. So if you really like it… 

“... for Life Scientists” (3) 
 or: is this course really for me? 



Course topics 
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Biological Image Processing 
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- How many cells are in this image? 
- What is their average size? 
- How many are going through meiosis? 
- Given two “snapshots” (e.g. frames of a video), what’s the death count? 

average growth? 
- … 

Segmentation of fluorescence image of human HT29 colon cancer cells 



Simulation of dynamic biological systems 
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- Can we find similarities in the mechanisms of these two phenomena? 
- We will explain these in the scope of a cellular automata 

Simulation of forest conflagration Fur patterns (spots, stripes) and colors 



Biological Sequences 
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There are many good tools for the analysis of sequences.  
- pattern match 
- similarity measures 
- … 

 
 
 
But what would you do if you needed some specific analysis, 
tailored for your own research, that is not so common. 

- statistics of a specific pattern occurrence 
- pattern match with unusual conditions 
- … 

 
Also, we'd like to know HOW these tools do what they do. No magic! 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=KhsejLJgX4_YeM&tbnid=kFBr4dfbGbY03M:&ved=0CAUQjRw&url=http://www.sdsc.edu/~babu/TAB/protDB.html&ei=r6M9UZu8KsOdtAaRpYCoCw&psig=AFQjCNFMuaQO4c8uC6jAyZVHlUu_3_M-3w&ust=1363080494002667


Biological Sequences: pattern matching 
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Deterministic finite automata for TATA box 



Biological Networks 
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- What’s the shortest path from A to B? 
- How many paths are there from A to B? 
- Are there cycles? Are they positive/negative? 
- Is there a redundant element (removing it keeps network connected) ? 
- … 

Partial transcription network in S. Cerevisiae cell-cycle 



Biological Networks 
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Protein Protein Interaction network in Drosophila 
Bauer et al. BMC Systems Biology 2008 2:101  

Approximately 46,000 interactions (edges) 
between 9,196 genes (nodes) 

http://www.biomedcentral.com/1752-0509/2/101/figure/F6?highres=y


Networks that do assembly? 
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What does this have to do with assembly? 



Technicalities 
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Contact:  
 Amir Rubinstein 
 email: amirr@tau.ac.il 
 Office hours: right before/after class. 
 
Grade:   25% HW, given about every 2 weeks. 
   assignments include theoretic and "wet" questions. 
          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/
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