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Mathematical algorithms, though usually invisible, are 
all around us. The microcomputer in your car controlling 
the fuel ignition uses a control algorithm embodying 
mathematical theories of dynamical systems; a Web 
search engine might use large-scale matrix 
computations; a “smart map” using a Global Positioning 
System to tell where you are and the best way to get 
home embodies numerous numerical and non-
numerical algorithms. Behind these applications is 
software that does numerical computations. 
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What is numerical computations? 
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In every decade since the 1950s, the complexity of 
scientific software has increased a great deal. Object-
oriented software has come to the fore in scientific and 
engineering software with the development of a 
plethora of object-oriented matrix libraries and finite 
element packages. Fortran used to be the clear 
language of choice for scientific software. That has 
changed. Much scientific software is now written in C, 
C++, Java, Matlab, Python, and languages other than 
Fortran. 

Scientific software language 
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Numerical software is the software used to do 
computations with real numbers; that is, with numbers 
with decimal points in them like π = 3.141 5926 . . . . 
These kinds computations are commonly of great 
scientific and engineering importance. Real numbers 
can be used to represent physical quantities (position, 
height, force, stress, viscosity, density, etc.). 
Computation with real numbers can be for simulating 
the human movement, finding the stresses in a long 
bone, or for determining how many muscle fiber unit 
can touch each other without penetrating.  

Quantitative problems 
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As scientists, we are interested in research. That means 
that we want to go where no one has gone before. It 
means that we want to investigate problems and 
approaches no-one else has thought of. We are unlikely 
to get something profoundly important on our first try. 
We will try something, see what happens, and then ask 
some new questions, and try to answer those. This 
means that our software is going to have to change as 
we have different problems to solve, and want to answer 
different questions. Our software will have to change 
quickly.  

We want to go where no one has gone before! 
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Rapidly changing software is a challenge. Each change 
to a piece of software has the chance to introduce bugs. 
A bug is a flaw or glitch in a system. Every time we 
change an assumption about what we are computing, 
we have an even bigger challenge to modify our 
software, since it is easy to build in bad or restrictive 
assumptions into our software. The challenge of rapidly 
changing software is not unique to research, but it is 
particularly important  here. 

Rapid prototyping 
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Why this glitch is called Bug? 

“First actual case of bug 
being found,” one of the 
team members wrote in 
the logbook. The team at 
Harvard University in 
Cambridge, Massachusetts, 
found that their computer, 
the Mark II, was delivering 
consistent errors. 



The trapped insect had disrupted the electronics 
of the Harvard Mark II computer.  
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Python is supported on many different computer systems, providing 

large measure of independence. Program written on any platform will 

run on all of the other platforms and data files written on any platform 

can be read transparently on any other platform. 

Windows Specific 

XP, 2000, NT 4.0 [Pentium III, IV, Xeon, Pentium M, AMD Athlon, Athlon XP, Athlon MP] 

UNIX/Linux Specific - 32-bit & 64-bit Operating Environment 

Sun Solaris [SPARC ULTRA] 

HP-UX [PA-RISC 2.0] 

Linux [Pentium III, IV AMD Opteron, AMD Athlon, Athlon XP, Athlon MP] 

Linux [AMD64 –AMD Opteron, AMD Athlon 64, Intel EM64T] 

Macintosh Specific  

Mac OS X (Panther) [PowerMac G4,PowerMac G5]  
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The Advantages of Python for Technical Programming 
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What is Python? 

Monty Python (sometimes known as The Pythons) was a British surreal comedy group that created 

Monty Python's Flying Circus, a British television comedy sketch show that first aired on the BBC on 

5 October 1969.  

Snake logos and mascot not 

with standing, it’s named after 

Monty Python’s Flying Circus 
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What is Python? 

• Invented in the Netherlands, early 90s by Guido van Rossum 

 

• Named after Monty Python 

 

• Open sourced from the beginning, man-aged by Python Software 
Foundation  

 

• Considered a scripting language, but is much more 

 

• Scalable, object oriented and functional from the beginning 

 

• Used by Google from the beginning 

http://en.wikipedia.org/wiki/Python_Software_Foundation
http://en.wikipedia.org/wiki/Python_Software_Foundation
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What is Python? 

“Python is an experiment in how  
much freedom program-mers 
need.  Too much freedom and 
nobody can read another's code; 
too little and expressive-ness is 
endangered.” 
      - Guido van Rossum  

http://en.wikipedia.org/wiki/Guido_van_Rossum
http://en.wikipedia.org/wiki/Guido_van_Rossum
http://en.wikipedia.org/wiki/Guido_van_Rossum
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Python’s Market Place 

• TIOBE has been collecting data on programming language “popularity” for 

many years 
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Python’s Market Place 



• Extensible (packages) 
 

• Embeddable into applications 
 

• Functional programming 
 

• Object-Oriented programming 
 

• Rapid Prototyping 
 

• Great for readability and presentation 
 

• White space is significant 
 

• Low maintenance costs 
 

• Exception handling 
 

• Free (open source) 
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The core philosophy of the language is summarized by the document "PEP 
20 (The Zen of Python)",  

• Beautiful is better than ugly. 
 

• Explicit is better than implicit. 
 

• Simple is better than complex. 
 
• Complex is better than complicated. 
 
• Readability counts. 

 
Try;  
>>>import this 

17 



18 

http://winpython.github.io/ 

Download & Install winpython 
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https://www.anaconda.com/products/individual 

Download & Install Anaconda 



2
0 

Numbers 
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The IEEE floating point system 

The length of the mantissa describes how accurately 
numbers can be approximated. 
Since 
 
𝑥 ×  𝑏𝑒 = 𝑥0𝑥1𝑥2 ⋯ 𝑥𝑚 𝑏𝑎𝑠𝑒 𝑏 × 𝑏𝑒  
 
= 𝑥0 + 𝑥1 𝑏−1 + 𝑥2𝑏−2 + ⋯ + 𝑥𝑚−1 𝑏−𝑚+1 × 𝑏𝑒  
 
The best known and most used floating point system is 
the IEEE floating point system, which is sometimes 
referred to as the IEEE 754 standard. 
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The IEEE floating point system 

IEEE 754 standard  specifies a set of three different 
floating point formats: single-precision, double-
precision,and extended precision. 
 
A fundamental quantity for any floating point system is 
the unit roundoff. This is denoted by u and is the 
smallest positive number where the computed value of 
1 + u is different from 1. The machine epsilon is the 
smallest a − 1 where a is the smallest representable 
number greater than 1. 
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Real numbers like π = 3.141 592 65 . . . are a problem for 
computers because (in general) they have an infinite 
number of digits. Unless your computer has infinite 
memory (and ours don’t), there is no way it can store π 
exactly. So we do the next best thing, and store a 
reasonable approximation.  Real numbers are stored as 
floating point numbers. Floating point numbers are 
numbers like π ≈ 3.141 592 6, or Avogadro’s number≈ 
6.03 × 1023. These have the form ± x × be where x, the 
significand or mantissa, 

The trouble with real numbers 



Computer Programming 
 

(1951-1959) 

Assembler 
Programlama 
Dili 

Assembler  
Programming 
 Language 

Machine 
 Code 
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(1959-1965) 

High 
Level 
Languages 

Assembler  
Programming 

Machine 
 Code 

Computer Programming 
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Both types of languages have their strengths and weaknesses. 
Usually, the decision to use an interpreted language is based on 
time restrictions on development or for ease of future changes 
to the program.  
 
Compiled languages are all translated by running the source 
code through a compiler. This results in very efficient code that 
can be executed any number of times. The overhead for the 
translation is incurred just once, when the source is compiled; 
thereafter, it need only be loaded and executed. Interpreted 
languages, in contrast, must be parsed, interpreted, and 
executed each time the program is run, thereby greatly adding 
to the cost of running the program. For this reason, interpreted 
programs are usually less efficient than compiled programs. 

Compiling and Interpreting 
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An interpreter is a translating program that translates and 
executes the statements in sequence. Unlike an assembler or 
compiler that produces machine code as output, which is 
then executed in a separate step, an interpreter translates a 
statement and then immediately executes the statement. 
 
By definition, machine code differs from machine to machine. 
That is, each type of CPU has its own machine language that it 
understands. So how can we give each of you the experience 
of using machine language when you may be working on 
different machines? We solve that problem by using a virtual 
computer. A virtual computer is a hypothetical machine, in 
this case one that is designed to contain the important 
features of real computers that we want to illustrate. 

Compiling and Interpreting 



Compiling and Interpreting 
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Linker 
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Linker 
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Compiling and Interpreting 
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Compiling and Interpreting 
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interpret 

output source code 
Hello.py 



Compiling and Interpreting 
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Compiling and Interpreting 
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Compiling and Interpreting 
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• I think there is a world market for maybe five computers.  
Thomas Watson, chair of IBM, 1943. 
 
• Where . . . the ENIAC is equipped with 18,000 vacuum tubes and 
weighs 30 tons, computers in the future may have only 1,000 vacuum 
tubes and weigh only 1.5 tons. 
Popular Mechanics, 1949. 
 
•There is no reason anyone would want a computer in their home. 
Ken Olson, president, chairman, and founder of Digital Equipment 
Corp., 1977. 
 
• I predict the Internet . . . will go spectacularly supernova and in 1996 
catastrophically collapse. 
Bob Metcalfe, 3Com founder and inventor, 1995. 

Future of Computer!  
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Lecture Notes  
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Lecture Notes  
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Lecture Notes  
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