
How The Journey Starts…

We are all know the Computers.. Those small boxes-like machines we are using in 
every  aspect  of  our  daily  lives. Almost  capable  about  everything,  able  to  make 
billions of calculations within seconds, store incredible amounts of data and therefore 
used  in  a  wide  variety  of  scientific  projects  in  the  fields  of  Biology,  Chemistry, 
Mathematics, Engineering and Electronics respectively. Everybody in this world have 
hear at  least  for ones the word “computer” but not too many people are knowing 
something  about  their  history..  Even  some  basic  information  about  how did  they 
developed and what is their nowadays evolution.. Lets make a small trip back in time 
to see some basic things…

About 5.000 years ago somewhere in the Asia Minor it had been created the Abacus, 
still in use today (but from children as a pre-school calculation game) which is by 
many consider to be the first computer.   

Calculating-Table by Gregor Reisch: 
Margarita Philosophica, 1508. 

The  woodcut  shows  Arithmetica instructing 
an  algorist  and  an  abacist  (inaccurately 
represented  as  Boethius  and  Pythagoras). 
There was keen competition between the two 
from  the  introduction  of  the  Algebra into 
Europe in the 12th century until its triumph in 
the 16th.

 This  device  allows users  to  make  computations  using  a  system of  sliding  beads 
arranged on a rack. Early merchants used the abacus to keep trading transactions. But 
as  the  use  of  paper  and pencil  spread,  particularly  in  Europe,  the  abacus  lost  its 
importance. It took nearly 12 centuries, however, for the next significant advance in 
computing devices to emerge. 

In 1642,  Blaise Pascal (1623-1662), the 18-year-old son of a French tax collector, 
invented what he called a numerical wheel calculator to help his father with his duties. 
This brass rectangular box, also called a Pascaline, used eight movable dials to add 
sums up to eight figures long. 

original Pascaline as displayed in the des arts et metiers Museum in Paris - opened
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Pascal's device used a base of ten to accomplish this. For example, as one dial moved 
ten notches, or one complete revolution, it moved the next dial - which represented 
the  ten's  column -  one place.  When the  ten's  dial  moved one  revolution,  the  dial 
representing the hundred's place moved one notch and so on. The drawback to the 
Pascaline, of course, was its limitation to addition. In 1694, a German mathematician 
and philosopher, Gottfried Wilhem von Leibniz (1646-1716), improved the Pascaline 
by  creating  a  machine  that  could  also  multiply.  Like  its  predecessor,  Leibniz's 
mechanical  multiplier  worked by a  system of  gears  and dials.  Partly  by studying 
Pascal's original notes and drawings, Leibniz was able to refine his machine.

"I wish to God these calculations had been performed by steam!"

The real  beginnings  of computers  as  we know them today,  however,  lay with an 
English mathematics professor, Charles Babbage (1791-1871). Frustrated at the many 
errors he found while examining calculations  for the Royal  Astronomical  Society, 
Babbage declared, "I wish to God these calculations had been performed by steam!" 
With those words, the automation of computers had begun. By 1812, Babbage noticed 
a  natural  harmony  between  machines  and  mathematics:  machines  were  best  at 
performing  tasks  repeatedly  without  mistake;  while  mathematics,  particularly  the 
production of mathematic tables, often required the simple repetition of steps. The 
problem centered on applying the ability of machines to the needs of mathematics. 
Babbage's  first  attempt  at  solving this  problem was in  1822 when he proposed  a 
machine to perform differential  equations, called a Difference Engine. Powered by 
steam and large as a locomotive, the machine would have a stored program and could 
perform  calculations  and  print  the  results  automatically.  After  working  on  the 
Difference Engine for 10 years, Babbage was suddenly inspired to begin work on the 
first general-purpose computer, which he called the Analytical Engine. 

              The Difference Engine          The Analytical Engine

Babbage's  assistant,  Augusta  Ada  King,  Countess  of  Lovelace  (1815-1842)  and 
daughter of English poet Lord Byron, was instrumental in the machine's design. One 
of the few people who understood the Engine's design as well as Babbage, she helped 
revise  plans,  secure  funding  from  the  British  government,  and  communicate  the 
specifics  of  the  Analytical  Engine  to  the  public.  Also,  Lady  Lovelace's  fine 
understanding of the machine allowed her to create the instruction routines to be fed 
into the computer, making her the first female computer programmer. In the 1980's, 
the U.S. Defense Department named a programming language ADA in her honour.

Many years  after  Lady Lovelace,  an  engineer  called  Vannevar  Bush (1890-1974) 
developed a calculating machine in order to solve differential equations. The year was 
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1931. The machine was able to solve some complex differential equations that had 
been difficult for scientists and Mathematicians as well.  

The Five Generations of  Computers

For the study of the Computers in the Modern World, that’s means not the calculating 
machines of the ancient or Medieval – and after – age, the scientists have categorized 
the computers according to their capabilities into 5 Generations. 

First Generation (1940-1956) Vacuum Tubes

The first computers used vacuum tubes for circuitry and magnetic drums for memory, 
and  were  often  enormous,  taking  up  entire  rooms.  They  were  very  expensive  to 
operate and in addition to using a great deal of electricity,  generated a lot of heat, 
which was often the cause of malfunctions.

Second Generation (1956-1963) Transistors

Transistors  replaced  vacuum  tubes  and  ushered  in  the  second  generation  of 
computers.  The transistor was invented in 1947 but did not see widespread use in 
computers until the late 1950s. The transistor was far superior to the vacuum tube, 
allowing  computers  to  become smaller,  faster,  cheaper,  more  energy-efficient  and 
more  reliable  than  their  first-generation  predecessors.  Though  the  transistor  still 
generated a great deal of heat that subjected the computer to damage, it was a vast 
improvement over the vacuum tube.

Third Generation (1964-1971) Integrated Circuits

The development of the integrated circuit was the hallmark of the third generation of 
computers.  Transistors  were  miniaturized  and  placed  on  silicon  chips,  called 
semiconductors, which drastically increased the speed and efficiency of computers. 
Instead  of  punched  cards  and  printouts,  users  interacted  with  third  generation 
computers through keyboards and monitors and interfaced with an operating system, 
which allowed the device to run many different applications at one time with a central 
program that monitored the memory. Computers for the first time became accessible 
to a mass audience because they were smaller and cheaper than their predecessors.

Fourth Generation (1971-Present) Microprocessors

The  microprocessor  brought  the  fourth  generation  of  computers,  as  thousands  of 
integrated circuits were built onto a single silicon chip. What in the first generation 
filled an entire room could now fit in the palm of the hand. The Intel  4004 chip, 
developed in 1971, located  all  the components  of the computer—from the central 
processing unit and memory to input/output controls—on a single chip.

In 1981 IBM introduced its  first  computer  for the home user,  and in  1984 Apple 
introduced the Macintosh. Microprocessors also moved out of the realm of desktop 
computers and into many areas of life as more and more everyday products began to 
use microprocessors
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Fifth Generation (Present and Beyond) Artificial Intelligence

Fifth  generation  computing  devices,  based  on  artificial  intelligence,  are  still  in 
development, though there are some applications, such as voice recognition, that are 
being used today. The use of parallel processing and superconductors is helping to 
make  artificial  intelligence  a  reality.  Quantum  computation  and  molecular  and 
nanotechnology will radically change the face of computers in years to come. The 
goal  of  fifth-generation  computing  is  to  develop  devices  that  respond  to  natural 
language input and are capable of learning and self-organization.

The Language of  Processor.

 I think that the term Computers is something general but in this small project we are 
going to speak for something more specific like the brain within the box, this small 
piece of silicon  called processor and the language that speaks. Like we said before, 
the processors can make nearly incredible calculations and therefore we use them in a 
large field  of scientific  (and non) applications.  By knowing that,  it  might  be very 
difficult for some people to understand that processors are truly dump things. They 
can’t thing of their own, they only are as genius and clever as the programmers that 
developed their software and then because of the processor’s incompetence to think, 
the programmers must to translate the software in a more processor- friendly language 
consisted only by two numbers, 0 and 1. Imagine a program we use in the office. A 
program like a text editor (Microsoft Word) or a spreadsheet (Microsoft Excel). As 
users, we only see an environment with many icons and colors that is friendly for as 
to use it. The processor only sees what it can understand, a vast sequence of 0 and 1 
digits. This Language of 0 and 1 comes from the Boolean Algebra, created by the 
Mathematician called George Boole.

George Boole

A Mathematician called George Boole (1815-
1964) invented  the Boolean algebra.  He was 
born  in  Lincoln,  England,  on  November  2, 
1815.  He  first  introduced  his  theory  on 
symbolic logic in a paper on calculus that was 
awarded  the  Royal  Medal  from  the  Royal 
Society  of  London  in  1844.  He  was  in 
Cambridge  while  he  was  the  editor  of  the 
Cambridge Mathematical Journal in England. 
He was also elected  as  the yearly  Fellow of 
scientists  to  the  Royal  Society  in  1857.  His 
knowledge was held as a quiet secret for many 
years  until  his  theory  of  logical  expressions 
became  more  widely  used  in  the  field  of 
electronics in 1938.

His concepts are well known today in the field of mathematical logic from the domain 
of computer science to information science. We remember him most effectively as we 
recall  the  use  of  "And,  Or,  and  Not"  when  selecting  the  appropriate  options  for 
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connecting search terms to find information in search engines such as Yahoo, Lycos, 
the Mining Company, or Alta Vista. Boole began teaching at an elementary school as 
an assistant  at  the age of sixteen.  He continued teaching at  his  own school  while 
learning  mathematics.  His  dedication  to  teaching  evolved  as  did  his  study  of 
mathematics  at  Queen's College in Ireland (University of College Cork) where he 
became the first Professor of Mathematics in 1849. His major book on symbolic logic 
identified the concept of "Boolean Logic" in "The Mathematical Analysis of Logic" in 
1847.  He authored  "An Investigation  of  the  Laws  of  Thought"  in  1854.  Here  he 
described what the computer industry now calls cybernetics.

What is Boolean Algebra.

George Boole, the creator of this specific type of Algebra, based his concepts on the 
assumption that most quantities have two possible conditions - TRUE and FALSE. 
This is the same theory you were introduced to at the beginning of this chapter. 

Throughout our discussions of fundamental logic gates, we have mentioned Boolean 
expressions. A Boolean expression is nothing more than a description of the input 
conditions necessary to get the desired output. These expressions are based on Boole's 
laws and theorems. Boolean algebra is used primarily by design engineers. Using this 
system,  they are  able  to  arrange logic  gates  to  accomplish desired tasks.  Boolean 
algebra also enables the engineers to achieve the desired output by using the fewest 
number  of  logic  gates.  Since  space,  weight,  and cost  are  important  factors  in  the 
design of equipment, you would usually want to use as few parts as possible. In order 
to use the fewest number o logic gates, we need to obey at some rules or laws… 

The Boolean Laws

We are using the numbers 0 and 1 of the binary system in order to represent a digital 
input or output. We can also use them as constants for an "Open" or "Closed" circuit 
or  contact  respectively.  Laws or rules for Boolean Algebra expressions have been 
invented to help reduce the number of logic gates needed to perform a particular logic 
operation. These Laws are known commonly as the Boolean Laws.

Boolean  Algebra uses  these  "Laws  of  Boolean"  to  both  reduce  and  simplify  a 
Boolean  expression  in  an  attempt  to  reduce  the  number  of  logic  gates  required. 
Boolean Algebra is therefore a system of mathematics based on logic that has its own 
set of rules which are used to define and reduce Boolean expressions. The variables 
used in Boolean Algebra only have one of two possible values, a "0" and a "1" but an 
expression  can  have  an  infinite  number  of  variables  all  labelled  individually  to 
represent inputs to the expression, For example, variables A, B, C etc, giving us a 
logical expression of A + B = C, but each variable can ONLY be a 0 or a 1.
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In the following table we are going to see some rules (Laws) and theorems for the 
Boolean Algebra. 

Boolean
Expression

Description
Equivalent

Switching Circuit
Boolean Algebra

Law or Rule

A + 1 = 1
A in parallel with closed = 

CLOSED
Annulment

A + 0 = A
A in parallel with open = 

A
Identity

A . 1 = A A in series with closed = A Identity

A . 0 = 0
A in series with open = 

OPEN
Annulment

A + A = A A in parallel with A = A Indempotent

A . A = A A in series with A = A Indempotent

NOT A = A
NOT NOT A (double 

negative) = A
 Double Negation

A + A = 1
A in parallel with not A = 

CLOSED
Complement

A . A = 0
A in series with not A = 

OPEN
Complement

A+B = 
B+A

A in parallel with B = B in 
parallel with A

Commutative

A.B = B.A
A in series with B = B in 

series with A
Commutative

A+B = A.B
invert and replace OR with 

AND
 

de Morgan's 
Theorem

A.B = A+B
invert and replace AND 

with OR
 

de Morgan's 
Theorem
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The basic Boolean Laws that relate to the Commutative Law allowing a change in 
position for addition and multiplication, the Associative Law allowing the removal of 
brackets for addition and multiplication, as well as the distributive Law allowing the 
factoring of an expression,  are the same as in  ordinary algebra.  Each of the laws 
above  are  given  with  just  a  single  or  two variables,  but  the  number  of  variables 
defined by a single law is not limited to this as there can be an infinite number of 
variables as inputs to the expression. The above laws can be used to prove any given 
Boolean expression and for simplifying complicated digital circuits.

The Logic Gates.d that computers work on an electrical flow where a 

We need to have in mind that computers work on an electrical flow where the high 
voltage  is  considered  by the  number  1  and  the  low voltage  is  considered  by the 
number 0.  Using these highs and lows, data are represented.  Electronic circuits have 
to  be designed in a way to be able to  manipulate these positive and negative pulses 
into meaningful logic. Logic gates are the building blocks of digital circuits.   The 
combinations than Logic Gates can to forming circuits designed with specific tasks in 
mind.  For example, logic gates are combined to form circuits to add binary numbers 
(adders), set and reset bits of memory (flip flops), multiplex multiple inputs, etc.

Now, it’s the time to see some examples of Logic gates.

The NOT gate.

The most simple of all the logic gates is the NOT gate.  Notice that when we write 
the name of a logic gate, we always write in UPPER CASE letters.  The NOT gate is 
an electronic circuit that produces an inverted version of the input at its output.  It is 
also known as an inverter.  If the input variable is A, the inverted output is known as 
NOT A. In the inverter symbol, the triangle actually denotes only an amplifier, which 
in digital terms means that it "cleans up" the signal but does not change its logical 
sense. It is the circle at the output which denotes the logical inversion. The circle 
could have been placed at the input instead, and the logical meaning would still be the 
same. This is also shown as A', or A with a bar over the top, as shown at the outputs. 
 In  the  Logic  gates  examples  we  have  some  tables  that  summarises  the  output 
condition for a variety of input conditions. These tables are called Truth Tables.

The AND gate

The AND gate is an electronic circuit that gives a high output (1) only if all its inputs 
are high.  A dot (.) is used to show the AND operation i.e. A.B.  Bear in mind that this 
dot is sometimes omitted i.e. AB . There is no limit to the number of inputs that may 
be applied to an AND function, so there is no functional limit to the number of inputs 
an AND gate may have. However, for practical reasons, commercial AND gates are 
most commonly manufactured with 2, 3, or 4 inputs. A standard Integrated Circuit 
(IC) package contains 14 or 16 pins, for practical size and handling. A standard 14-pin 

7



package can contain four 2-input gates, three 3-input gates, or two 4-input gates, and 
still have room for two pins for power supply connections.

The OR gate

The OR gate is an electronic circuit that gives a high output (1) if one or more of its 
inputs are high.   The plus sign (+) is used to show the OR operation. As with the 
AND function, the OR function can have any number of inputs. However, practical 
commercial OR gates are mostly limited to 2, 3, and 4 inputs, as with AND gates.

The NAND gate

This is a NOT-AND gate which is equal to an AND gate followed by a NOT gate.  
The outputs of all NAND gates are high if any of the inputs are low. The symbol is an 
AND gate with a small circle on the output. The small circle represents inversion. the 
overbar is a solid bar over both input values at once. This shows that it is the AND 
function itself that is inverted, rather than each separate input. As with AND, there is 
no limit to the number of inputs that may be applied to a NAND function, so there is 
no functional limit to the number of inputs a NAND gate may have. However, for 
practical reasons, commercial NAND gates are most commonly manufactured with 2, 
3, or 4 inputs, to fit in a 14-pin or 16-pin package.

The NOR gate

This is a NOT-OR gate which is equal to an OR gate followed by a NOT gate.  The 
outputs of all NOR gates are low if any of the inputs are high. The symbol is an OR 
gate with a small circle on the output. The small circle represents inversion. The NOR 
function can have any number of inputs,  but practical  commercial  NOR gates are 
mostly limited to 2, 3, and 4 inputs, as with other gates in this class, to fit in standard 
IC packages.
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The EXOR gate

The 'Exclusive-OR' – sometimes known as XOR - gate is a circuit which will give a 
high output if either, but not both, of its two inputs are high.  An encircled plus sign 
( ) is used to show the EOR operation. Unlike standard OR/NOR and AND/NAND 
functions,  the  XOR  function  always  has  exactly  two  inputs,  and  commercially 
manufactured XOR gates are the same. Four XOR gates fit in a standard 14-pin IC 
package.

The EXNOR gate

. The Exclusive-NOR Gate function or Ex-NOR for short, is a digital logic gate that 
is the reverse or complementary form of the Exclusive-OR function we look at in the 
previous section. It is a combination of the Exclusive-OR gate and the NOT gate but 
has a truth table  similar  to the standard NOR gate  in that  it  has an output that  is 
normally at logic level "1" and goes "LOW" to logic level "0" when ANY of its inputs 
are at logic level "1". However, an output "1" is also obtained if BOTH of its inputs 
are at logic level "1". For example, A = "1" and B = "1" at the same time giving us the 

Boolean expression of:  Q = (A ⊕ B) = A.B + A.B

In other words, the output of an Exclusive-NOR gate ONLY goes "HIGH" when its 
two input terminals, A and B are at the "SAME" logic level which can be either at a 
logic level "1" or at a logic level "0". Then this type of gate gives and output "1" when 
its  inputs  are  "logically  equal"  or  "equivalent"  to  each  other,  which  is  why  an 
Exclusive-NOR gate is sometimes called an Equivalence Gate. The logic symbol for 
an Exclusive-NOR gate is simply an Exclusive-OR gate with a circle or "inversion 
bubble" at its output to represent the NOT function. Then the Logic Ex-NOR Gate is 
the reverse or "Complementary" form of the Ex-OR gate we have seen previously.
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Now that we have analysed the basic and some further logical gates, its time to take a 
look at some simple examples indicating the designing of the logical circuits. 

Building Logic Circuits…

Example 1:

In the case we want to produce an output Q which is true only when input A is true 
and input B is false, as shown in the truth table on the right, we can combine a NOT 
gate and an AND gate like the following:

Q = A AND NOT B

Example 2:

In the case of the following circuit, the final AND gate acts as a buffer (consider the 
buffer  as a  temporary memory area)  for the output  of  the OR gate  whenever  the 
NAND gate's output is high, which it is for the first three input state combinations 
(00, 01, and 10). However, when both inputs are "high" (1), the NAND gate outputs a 
"low" (0) logic level, which forces the final AND gate to produce a "low" (0) output.
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Afterword.

The Future of Logic Gates..

During the past pages of this small project, we managed to cover a small trip in the 
computers  history  from the  first-one  (maybe)  as  an  introduction  and as  a  central 
matter  we’ve learned what is  the Boolean Algebra,  what basic Laws it  obeys  and 
we’ve studied the Logical Circuits created by the usage of Boolean Algebra. Basically 
what  we  need  to  keep  in  mind  is  the  connection  between  Boolean  Algebra  and 
Logical Gates. In the future tremendous discoveries and applications upon the logical 
gates will take place… Using DNA-based logic gates that behave like their electronic 
equivalent,  we  could  someday  engineer  complex  injectable  computers  that  could 
monitor and treat our bodies from the inside. So we are talking for some short of 
nanites, these microscopic machines that will repair are cells from any damage. 

 A team of researchers at Hebrew University has for the first time created DNA-based 
logic gates that could lead to tiny injectable bio-computers capable of making simple 
calculations inside the body. Formed from short DNA strands and their complements, 
the DNA logic gates closely mimic their electronic counterparts by representing one 
of two states – like the zeros and ones of binary code – depending on the presence of 
an input. In tests, they modeled a DNA version of an XOR logic gate that generates an 
output when one of two inputs is present, but not when both or neither is present. By 
design,  the  DNA logic  gate  fluoresced  when one of  two inputs  was  present,  and 
accurately stopped fluorescing when both inputs were present.  The result  of these 
experiments can be a new breed of smart drugs that are injected into the body before 
an injury occurs, waiting to be triggered by enzymes or other catalysts associated with 
a particular injury or illness. That means – in theory – we might someday be able to 
create  DNA-based  computing  systems  that  diagnose  and  treat  common  medical 
problems from within our bodies without our ever knowing it.
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