
Halil Bayraktar

Lecture 1 - Introduction

Introduction to Scientific Computation



Course Instructor

Halil Bayraktar

Associate Professor

Molecular Biology and Genetic Department 

Office : MOBGAM 308



Course Teaching Assistant

Alican Topaloglu
Umut Cagan Ucar



Molecular Biology and Genetics Department Building



Office hours : Monday14:30-15:00 pm and by appointment

hbayraktar@itu.edu.tr 



Course website

https://b2lab.wordpress.com/scientific-computing/

Syllabus

Lecture Slides

Popular Readings

Homework Assignments

Other Materials

https://b2lab.wordpress.com/scientific-computing/


Percentage Percentage Date

Midterm 1 30 to be announced

Midterm 2 30 to be announced

Final 40 to be announced

Grading

A minimum average of 20 % from semester activities is required

to attend final exam.



Books and other resources

Please check other reserved books at ITU library and 

other online resources. 

• No official textbook for this course 



Course Objectives

Basic coding (MATLAB) knowledge to use in your research, 

other courses and workplace.

Learn coding/algorithm tools to evaluate scientific data

Enhance your data presentation skills for publications (graphs, 

pie charts, box plots vs.)  

Improve your practical mathematics skills

Teaching skills of transition from raw data to presented data



Why study scientific computation?

• Computer and numerical methods are essential to analyze complex data and provide 

analytical solutions. 

• Presentation of your data with various plots such as line, histogram plot, polar plot, box 

plot etc. 

• Analyze multidimensional data (matrix) 

Example, gene expression profile, microscope images, videos etc.

• Learn to simplify complex problems

• Guidelines to computation

• Learn how to write code to analyze your data





Textbook and other resources

https://www.mathworks.com/matlabcentral/answers/

d) Matlab online resources (online videos)

c) Matlab help files

a) Numerical computing with Matlab by Cleve Moler, 

available for free download at 

http://www.mathworks.com/moler/. 

b) The Matlab demos are available at 

https://www.mathworks.com/moler/exm/chapters.html

http://www.mathworks.com/moler/
https://www.mathworks.com/moler/exm/chapters.html


What can you do with MatLab?

Advance computation/analysis

Data visualization/graphics

Code development

Modeling and simulation

Data acquisition

Graphical user interface

and more…



• Coding for data analysis

• Create your own functions

• Advance plotting

• Create user interfaces (not ideal)

• Interface with other programming 

languages (JAVA, Python, C/C++)



Raw data Presented data



Scientific computation is a key tool to decipher the mechanism 

of biology systems.



Qureshi et al Comp Biol and Medi 2022



Material science and computation: Adaptive tracking to study 

cell motility at PEG-collagen hydrogels



Machine Learning and AI

• Supervised learning: Build a model based on input and 
output data

• Unsupervised learning: Build a model based on input data

Supervised learning uses classification and regression tech to develop a model

Example,

Can a model predict the diving and nondiving cells in images?

Can a model predict the negative or positive feedbacks from a text message?

Can a model predict 3D structure of proteins?

Can a model discover a new drug?

Process of learning

•Collection: Gathering data 

•Data Preprocessing: Cleaning and preparing the data for machine learning algorithms.

•Model Training: Building a model by fitting it to the prepared data.

•Model Evaluation: Assessing the performance of the trained model on unseen data.

•Prediction: Using the trained model to make predictions on new data.



Protein Structure prediction with AI 

• AlphaFold developed by deepmind

• It precits the protein’s #D structure based on its amino acid sequence 

• AlphaFold Protein Structure Database (ebi.ac.uk)

AlphaFold - Google DeepMind

https://www.alphafold.ebi.ac.uk/
https://deepmind.google/technologies/alphafold/


Google deepmind



Application of ML
• Image recognition: Face recognition, medical image, self-driving cars.

• Natural language processing: Text analytics, sentiment analysis.

• Recommendation systems: Product recommendations, music recommendations, movie 

recommendations.

• Banking: Identifying fraudulent transactions, credit score.

• Protein folding

• Drug discovery



How many cell, bacteria or single molecule is present in 

each picture?



Time course of geometric events: event map generation for

identification of cell splitting

Geometric Event Map

Frame:Cell # -

19:1

Frame:Cell # -

26:1

Frame:Cell # -

40:3

Frame:Cell # -

54:4

Frame:Cell # -

47:3

Minor axis

Major axis

dArea/dt

dIntensity/dt

Circularity 

Elongation 



Linear Regression: Least Squares Fit

u =

1.6369   -3.3571

[u i]=polyfit(a,b,1)

Fitting data y best in a least-square method. 

y=1.6369x-3.3571

Slope Intercept





Computing is essential to solve many of 

these research problems 

Genetics 
Bioinformatics

Neuroscience

Artificial Intelligence

Molecular Biology



Workspace

to show all variables

All files in a selected folder 

Coding

Type commands here

MATLAB USER INTERFACE

Menu and other options



Python Layout (open source platform)



Matlab help



A single platform to load, sort, analyze, plot and save your data. 

Beginner level syntax structure

Easy coding

Highly preferred in academia

Many open resources is available for help

Many functions are included  

Why MATLAB?



.mat and m. files

.m : Files that contain the computer code. There are two 

kinds of .m files. Scripts and function. Script files do not 

need any input value to execute, however the function 

requires one or more arguments to return the output

.mat files: files that contains the data and variable names



You need practice, practice and practice to advance 

in writing codes.

Writing code in computer vs playing notes in piano



Description and Visualization of Statistical Data

Linear Plot

Box plot

3D plot

4D plot

Histogram and bar plots



Introduction to Matlab

MATLAB=Matrix laboratory developed by MathWorks Inc

High level language for computing, data visualization, modeling 

and programming

Matrices (1D, 2D etc) are the main components 



Square brackets [ ]

hyphen -

curly brackets {}

Brackets, parentheses ()

Semi colon ;

Colon  :

Comma ,

Dot .

Apostrophe ‘ or single quote

Double quote “” 

Single quote ‘’

Backslash \

Slash /

NAME OF PUNCTUATION MARKS USED in MATLAB



Create a variable

Create a number variable

x=5;
y=10;
z= x+y;

Create a char variable

x = ‘Matlab’ 

You should use 

x=[1 2 3 4]

y=[1:2:10]

x =

2

y =

5

z =

7



Rows

Columns
Index number (indices)

Data values

5 by 5 matrix, 5x5 



Create a vector

rowvec =

5     6     7     8    12

colvec =

3

4

7

9

14

Generating a row and column vector

rowvec=[5,6,7,8,12]

colvec=[3;4;7;9;14]



vector slicing

a=0:2:20

b=a(1,1:5)

c=a(1,5:end)

a =

0     2     4     6     8    10    12    14    16    18    20

b =

0     2     4     6     8

c =

8    10    12    14    16    18    20



Create a vector

x= 0:2:50

x = 0,2,4,….,100

size(x)

Ans

row and column

1              51



Finding an element in row or column vector

% First entry is row index number

% Second entry is column index number

frel= rowvec(1,5)

fcel=colvec(3,1)

frel =

12

>> fcel

fcel =

7

rowvec=[5,6,7,8,12]

colvec=[3;4;7;9;14]

Indexing into a matrix is a means of selecting a subset of elements from the matrix.



Operators

Sum

Division

Multiplication



row 1
row 2

b =

4     6    13

10    12    19

b=a([3,4],[1,2,3])

Row Column

Select a region from matrix



z=magic(4)

z([1,2],[3,4])

z(1,1)

z(2)

z =

16     2     3    13

5    11    10     8

9     7     6    12

4    14    15     1

ans =

3    13

10     8

ans =

5

ans =

16

Finding and selecting elements in a matrix



Some Common Scalar Mathematical Operations
Operation M-file

Subtraction
X-y X-y

Addition
x +  y 

xx+y+y

x + y

Multiplication xy x*y

Division x/y x/y

Power xy x^Y

Exp ex exp(x)

Log log10(x) log10(x)

Nat Log ln(x) log(x)

cos(X)

0
Cos(x)

Sin(x) 9x) Sin(x)

x1/2 sqrt(x)


