Introduction to Scientific and Engineering Computing    BIL106E (F)


AN INTRODUCTION TO COMPUTERS:
(
A computer is an automatic device that performs calculations, and makes decisions and has capacity for storing and instantly recalling the vast amount of information. 

(
The solution of modern science and engineering problems require vast amount of calculations, data, information and time, that cannot be obtained manually. For instance, weather forecast can take a time nearly one week by manually one minute or even less with computers, the calculation of flow characteristics around planes, ships, propellers etc. could take up to two weeks by manually or experimentally, one minute or even less with computers. 

(
High-speed computers can even give an opportunity to solve the problems that cannot be thought in the past (like highly turbulent flows).

(
Problems and computers affected each other to evolve. Computers not only caused an increase in mathematical application of physical or engineering sciences, but also created numerical analysis, mathematical logic and programming languishes. 

(
Today, life is impossible to go further without computers. So, engineers should have the necessary ability about computers.

A Brief History:

(
First calculator was the Pascal’s (original) mechanical device in 1642. In 1822, Charles Babbage invented the difference (analytical) engine. Both were mechanical.

(
Electronic computers: In 1944, Mark I was invented that was the first electromagnetic computer, and performed 10 operations per second.

(
First generation-Vacuum tube types: 


1947; ENIAC (Electronic Numerical Integrator and Calculator)
(500 operations per second),


          UNIVAC (Universal Automatic Computer).

(
Second generation-Transistors: Transistors invented in 1955.






   1958: IBM and 1963: PDP-8 First mini computer.

(
Third generation-Integrated Circuits (60’s, 70’s): 106 operations per second.








       1964: IBM system 1360.

(
Forth generation (Today’s PCs and computers): Silicon made chips.

Computer Structure:

(
A computer mainly consists of 3 parts:

1) Input Devices (keyboard, magnetic tape, CD’s etc.)

2) Output Devices (screen, printers etc.)

3) Central Processing Unit (CPU)

a) Memory (stores software, data etc.), 

b) ALU (Arithmetic and Logical Unit), 

c) Control Unit (controls all other units, commands and operations)

An External Memory can also be connected to the computer.

CPU: Stores and retrieves instructions and data, performs arithmetic and logic operations and controls the operations of the entire system. 
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( The memory unit in computers is two-state device. It is then natural to use a binary coded scheme, using only two binary digits (bit(s)). 0 and 1 represent the information in a computer. 

    1 Bytes=8 Bits=23 Bits, 210 Bits=1024 Bytes=1 KByte,  1MB=1024 KB=1048576 Byte

=8384608 Bits.

Bytes are grouped together into words.   Common word sizes (varied from computer to computer) are 16 bits (2 Bytes) or 32 bits ( Bytes).

( Computers perform arithmetic and logic operations, transfer processes (if-else), repetitive operations (do-loop), and input-output operations.
 
Algorithms (The Flow of Operations)
Example: Explain y=(2x+3)/(5x+1), 

first
          Address

Stored number



for

     1


x




input

     2


2




device

     3


3

4 5

5 1








     Operation



later

     6

      multiply




for

     7

          sum




program
     8

      multiply

9 sum

10

        divide

Programming and Problem Solving:
(
Computers have the ability to remember a sequence of instructions and to obey these instructions at a predetermined point in time. Such a sequence of instructions is called “a program”. Hardware (Human Body) - Software (Human Language).  Programs are software. Computer is a stored-program device.

(
Programming is (an engineering discipline and) information engineering. Evolution of programming languages is similar to the one of human languages.

Programming in F: (FORTRAN) 
(
Although computers have become much faster, smaller, cheaper and as well as more powerful, they work in much the same way now as they did in the past. On the other hand, programming languages (like FORTRAN 90) have played much role, which control computer’s every action and become much effective and better. 

(
The ability to write programs in Fortran is a major requirement for a high proportion of scientific and technological computing in the future. Experience is much more important than theoretical knowledge in programming. It is impossible to write “good” programs without plenty of practical experience and the opportunity to see and examine other people’s programs. Programming is a practical skill. Fluent, precise, well-structured codes require planning and experience.

(
How to write a program is the subject of this course.
(
F is a new programming language, developed by Imagine 1, Inc., derived from Fortran 90. F is a subset of Fortran 90 and based on F90. Fortran dates from 1954, is FORmula TRANslation system developed at IBM. FORTRAN II, IV, 66, 77, 90&95, 2000. FORTRAN IV was almost totally independent of the computer. F90 has many new features based on experience gained from other languages.

(
Other languages like COBOL, Pascal, Basic, and Algol etc. evolved.

(
So, why Fortran?

Concise language,

Good compilers producing efficient machine code

Legacy: high-quality mathematical libraries (IMSL, NAG, …) available,

New version has features helpful for parallelization

(
Program, data are stored in memory. A single unit of program or data stored in such a store is called a file. Variables, constant values stored in the memory “glass” boxes.

(
0s&1s are known as machine code. Fortran was initially seen as a means of converting mathematical formulae into a machine code or assembly language. “A compiler” (a special program) can translate the high-level language program (FORTRAN) into a machine code program.
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(
Fortran 90/95 ( Fortran 77. All Fortran 77 programs will work with Fortran 90 compilers. The F language F ( Fortran 90 

The F language is easy to learn, to implement, and to understand and powerful enough for use in large programs.
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(
A simple program begins with the PROGRAM and ends with the END PROGRAM statements.
program Radioactive_Decay

!----------------------------------------------------------------------------

! This program calculates the amount of a radioactive substance that 

! remains after a specified time, given an initial amount and its 

! half-life.  Variables used are:

!   InitalAmount    : initial amount of substance (mg)

!   HalfLife        : half-life of substance (days)

!   Time            : time at which the amount remaining is calculated (days)

!   AmountRemaining : amount of substance remaining (mg)

!

! Input:   InitialAmount, HalfLife, Time

! Output:  AmountRemaining

!-----------------------------------------------------------------------------
  implicit none

  real :: InitialAmount, HalfLife, Time, AmountRemaining
  ! Get values for InitialAmount, HalfLife, and Time.

  print *, "Enter initial amount (mg) of substance, its half-life (days)"

  print *, "and time (days) at which to find amount remaining:"

  read *, InitialAmount, HalfLife, Time

  ! Compute the amount remaining at the specified time.

  AmountRemaining = InitialAmount * 0.5 ** (Time / HalfLife)

  ! Display AmountRemaining.

  print *, "Amount remaining =", AmountRemaining, "mg"

end program Radioactive_Decay
