Computer Hardware and Software

There are two fundamenta concepts to understanding computers. hardwar e and software.

Hardware considts of any part of the computer isaphysica component. This definition includes
any component (or device) that is made from some type of materid. The hardware of acomputersis
any dectronic (central processing unit, “memory”), eectrica (power supply), €ectro-mechanica
(keyboard, mouse, disk drives, CD-ROM drives, monitor, speakers) and mechanica (case of the

compuiter).

Software isintangible (or not physica) component of the computer. In generd, software
consgts of the ingtructions that the hardware needs to actualy accomplish something useful.  The
software, o, tells the hardware about structure of various types of information (for example, ASCII is
a oftware specification for assgnning binary numbers to particular characters).

The electronic components of the computer are desgned around three logic circuits. These
circuit are collectively referred as the Boolean logic cir cuits.

The circuits derived their name from an English mathematician, George Boole in the 1880s.

Prior the 1800s, the study of logic was based upon statements written or spoken in a human
language such as English. The problem with usng human languages isthat it isambiguous. Boole
sought to find away to diminate the ambiguity of language, and at the sametime to preserve the logica
sructure of the language.

The result of hiswork isasystem of logic know as Boolean L ogic or Boolean Algebra (the
two terms are equally correct).

Boolean logic consgts of three operations (or operators), namely AND, OR and NOT.

From these three logic functions, one can derive addition.

Mathematicians view addition as the fundamenta arithmetic operation,. They take this view
because from it one can derive the other arithmetic operations (like subtraction, multiplication and

divison). Further, addition isderived from the three operations of Boolean logic.
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Basic Electricity
Electricity must have a complete path between the negative and positive terminds of a battery in
order for it to do any work.
In Figure |, the lamp will not light, because the switch isin the OFF postion. When the switch
isin the OFF position, thereis not acomplete path to the lamp. Thus, the lamp will not light.
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Key for the lllustration
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Blectricity flowing Lamp not it

InFgurell., the switch isin the ON position. There is acomplete path for eectricity to follow to the

positive side of the battery. Asresult, the lamp with glow.
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Or

When the two switches are in the OFF position, the eectricity cannot pass through to the lamp

and the positive Sde of the battery.
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When the firgt switch isthe ON position and the second switch is in the OFF positions, the

eectricity will flow through will the first switch, to the lamp (causing it to glow).
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When the firgt switch isin the OFF position and the second switch isin the ON position, the eectricity

will flow through will the second switch, to the lamp (causing it to glow).

I - Batery +
o \
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Key for the lllustration
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When the two switches are in the ON paosgition, the eectricity can pass through to the lamp (causing it to
glow) and the positive of the battery.
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By recording the status of each switch (whether it is on or off) and whether thelamp islit or not, one

could develop a chart that summarizes the results of the experiment.
SW1|[Sw2 | |

OFF | OFF |OFF

ON | OFF | ON

OFF | ON ON

ON ON ON

This chart maybe rewritten with OFF coded as 0 and ON coded as 1. Thischart isknown asa
truth table. Thetruth table below isthe defines how the OR operation works.

SwWi1|sw2 | |
0 0 0
1 0 1
0 1 1
1 1 1

Notice that when either switch isin the ON (1) postion, theresult isthat lamp islit (2).

The OR operation may seen contrainitutive, a first but consider an example in English.
Suppose one saysto a child:

Y ou can go the movies, if you clean your room or wash the dishes.
Now, congder dl the combinations of possible actions of the child and the
consequences of the child's actions (if a child does a job one can assign 1 to the action;

0, if the child does not do the job):

The Child Concluson
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does not his or her room does not wash the dishes does not go to the movies
0 0 0
cleans his or her room does not wash the dishes is able to go the movies
1 0 1
does not clean hisor her room | washes the dishes is able to go the movies
0 1 1
cleans his or her room washes the dishes is ableto go the movies
1 1 1

Electronic engineers use a gpecia symbol to represent the function OR:

1>

The symbol has severd parts. The symbol includes places for inputs and a place for output.

I nput

\i}v

I nput

Output

Information enters the OR function
through the inputs, the OR function
acts upon the information coming
into the function and the result leaves

through the output.

An example of how eectronic engineers would use this symbal is shown below.

1—
O_FD_]'

Notice that 1 and O enter through the inputs and the result is 1 coming out of the output.

The next operator one needs to understand isthe AND operator.

AND

Again, one can run an experiment using adiagram (smilar to the one below) to understand

how the AND operator works. It isimportant to see that the diagram for the AND is different from

the OR.
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I - Battery +
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If one puts both switches in the OFF position, the eectricity cannot pass through to the lamp

and the pogitive sde of the battery.

Now, putting the first switch in the ON postion, and keeping the second switch in the OFF
postion. Thedectricity will flow through the firgt switch, but it will not be able to pass through the
second switch. Asaresult of the dectricity not reaching the lamp, the lamp will not light.

I - Battery +
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Key for the lllustration
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Next, open the first switch and close the second switch. The dectricity will pass from the
negative sde of the battery to the first switch and stop. Since the dectricity never passes through the
lamp, it will not illuminate,

I - Battery +

OFF OFF

S~

Key for the lllustration

. Electricity isnot
Lamp lit r flowing

Lamp not lit Electricity isflowing

After putting both switchesin the ON pogtion, the dectricity will flow from the negative Sde of

the battery, through both switches, and through the lamp to the positive Sde of the battery.

I - Battery +

OFF OFF

Electricity Flowing

Electricity not Flowing |
By recording the status of each switch (whether it is on or off) and whether the lamp is it or not,

one could develop a chart that summarizes the results of the experiment.
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SW1|sw2 | |

OFF | OFF | OFF

ON OFF | OFF

OFF | ON | OFF

ON ON ON

This chart maybe rewritten with OFF coded as 0 and ON coded as 1. This chart isknown asa

truth table. The truth table is the defines how the AND operation works.

Swi|sw2 | L
0| O 0
1 0 0
0 1 0
1|1 1 |1

Notice that when both switches arein the ON (1) postion, the result isthat lamp is it (2).

The AND operation may seen contrainitutive, at first but consder an example in English.

Suppose one saysto achild:

Y ou can go the movies, if you clean your room and wash the dishes.

Now, consder dl the combinations of possble actions of the child and the consequences of the child's

actions (if achild does ajob one can assign 1 to the action; O, if the child does not do the job):

The Child Conclusion

does not his or her room does not wash the dishes does not go to the movies
0 0 0

cleans his or her room does not wash the dishes is not able to go the movies
1 0 0
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does not clean his or her room | washes the dishes is not able to go the movies
0 1 0

cleans his or her room washes the dishes is not able to go the movies
1 1 1

Electronic engineers use a specia symbal to represent the function AND:

1>

The symbol has severd parts. The symbol includes places for inputs and a place for output.

Input \ Information enters the AND function

through the inputs, the AND function
D_ v acts upon the information coming
into the function and the result leaves

through the output.
Input Output

An example of how eectronic engineers would use this symbal is shown below.

1/,
. — o0

Notice that 1 and O enter through the inputs and the result is O coming out of the output.

Not

The last operator one needs to understand isthe NOT operator.
Again, one can run an experiment using the diagram to understand how the NOT operator

works.

10
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I - Battery +
OFF

Key for the Illustration

_ Electricity is not
Lamp lit ’7 flowing

Lamp not lit Electricity is flowing

The switch isin the OFF position, eectricity will flow from the negetive side of the baitery,

through the switch and the lamp, and to the positive Sde of the battery. Asthe dectricity passes
through the lamp, it will light the lamp.
When the switch is moved into the ON position, the eectricity will not pass through the switch

or thelamp. Asareault, the lamp will not be illuminated.

I - Battery +

OFF

Pt

Key for the lllustration

_ Electricity isnot
Lamp lit r flowing

Lamp not lit Electricity isflowing

By recording the status of each switch (whether it is on or off) and whether the lamp is it or not,

one could develop a chart that summarizes the results of the experiment.

11
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SW L
OFF| ON
ON | OFF

This chart maybe rewritten with OFF coded as 0 and ON coded as 1. This chart isknown asatruth
table. The truth table below defines how the NOT operation works.

SW L
0 1
1 0

Notice that when ether switch isin the ON (1) position, the result isthat lamp is|it (1).

The NOT operation may seen contrarintuitive, at first but congder an examplein English.
Suppose one says to achild:
Y ou can go the movies, if you clean your room
Now, congder dl the combinations of possible actions of the child and the consequences of the child's

actions (if achild doesajob one can assign 1 to the action; O, if the child does not do the job):

The child Conclusion

does not clean his or her room is able to go to the movies
0 1

cleans hisor her room is not able to go to the movies
1 0

Electronic engineers use a specid symbol to represent the function AND:

The symbol has severd parts. The symbol includes places for inputs and a place for output.

12
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Input Information enters the NOT function

\ through the inputs, the NOT function
{;w v. acts upon the information coming

into the function and the result leaves

Output through the outpuit.

An example of how eectronic engineers would use this symbal is shown below.
1—o2e-—0
Notice that 1 and O enter through the inputs and the result is O coming out of the output.
Solving Boolean Logic Problems

Solving Boolean logic problemsis avery smple, if you remember three things about each
symbol. First, each symbol has at least one input (OR and AND have two inputs). Second, each
symbol has an output. Third, thet the value of an output can become an input value for another
symbal.

The firgt three examples are very essy.
1

0—
- =2 1>
To solve any of these problems, working left to right an top to bottom:
1. Identify the symboal.
2. |dentify the inputs.

3. Locate the inputs (or input) on the table.
4. Find the output corresponds to the inputs (or input)

13
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Example I: What is the output vaue of the OR logic function.
1

=D
1. Identify the symboal.
The symboal isthe OR symboal.
2. |dentify the inputs
Theinputsare 1 and 0.
3. Usng the OR truth table, locate input 1 and input O.

SW1| Sw2 L
0 0 0
These are
the inputs
inothe ——>—L g0 0 1
OR circuit
0 1 1
1 1 1

4. Find the output corresponds to the inputs (or input)
From the truth table for the OR with inpus 1 OR 0is 1

SW1| SW2 L
0 0 0
These are
the inputs 1
i — 0
ote = —— j‘\ This Listhe
0 1 1 output for this
combinations
of inputs
1 1 1

Thus, the correct response to the problemiis:

14
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1
0 _|—j:>— 1
The second st of problems are more complex, but the same type of reasoning

will solve them.

Example 1. What is the output of these Boolean logic operators?
00—
R

1. Identify the first symbol.
The first symbol isthe AND operator.
2. What are the inputs to the operator?
Theinputsare 0 and 1.

3. Using the AND truth table, locate the input 0 and input 1.

swi|swz | |

These are
the inputs 0 0 0

tothe
AND \ 1 0 0

4. Find the output corresponds to the inputs (or input).

15



Computer and Society (GST271) T. ModlerBoolean Logic

swi|sw2 | |
These are
the inputs 0 0 0
to the
AND \ 1 0 0 Thisisthe
output that
N 1 a corresponds
0 0 to inputs of O
and 1.
1 1 1

Now, the output of the AND operator, becomes the input into the NOT (notice
that the output of the AND is connected to the input of the NOT).

The output of AND is
0. Thisbecomesthe
input for the NOT.

0
1

5. Identify the next logical operator.

The next (connected) logica operator isthe NOT.
6. ldentify theinput to the logica operator.

The input to the NOT isO.

7. Using the NOT truth table, locate the input O.

Thisis

the

}n puﬁ SW L
or the

NOT 0 1

1 0
8. Find the output corresponds to the inputs (or input).

16
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ihisis Thisisthe

in SW | L output for the
put \ NOT operator

for the 0 1

NOT

1 0

The output of the NOT is 1, so that the answer is 1.

8

The find example is more complex than the previous example, but if one follows

the procedure the answer is easy to find.

0—

ol 7

1
1

Starting in the upper left hand corner:
1. Identify the symboal.
The symboal in the upper l€eft corner isthe AND symbal.

Start with thisAND
operator

2. |dentify the inputs.
Theinputsare 0 and O.

17
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Thefirg input to the

AND isO \
0
The second input /

I
tothe AND isO L [E
1

ol
3. Using the AND truth table, locate input 0 and input O.

SW1 | SW2 L
0 > 0 0
1 0 0
Inputs to the AND
operator 0 1 0
1 1 1

4. Find the output that corresponds to the inputs (or input).
The table shows that the output for 0 AND 0isO.

Thisisthe output for
SW1 | Sw2 L / AND operator
v 0 - 0 0
% 1 0 0
Inputs to the AND
operator 0 1 0
1 1 1

Now, notice that the output of AND becomes one of the inputs for the OR.

18
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Notice that the
output of AND
becomes one of
inputs for the OR

o, l
D>

Notice, aso, that we don't know the other input for the OR on the right.

The second input will come from the OR on the left. So, onewrites azero for

the OR on the left and returns to the left Sde of the problem.

04

o

0

X H\ﬁ

Thisinput is unknown.
It can only determined
after finding avaue for
the other OR before it.

5. Next, identify the logica operator on the left.
The next logica operator isaNOT.

Thisisthe NOT 0
operator. i

ol

1
1

6. What istheinput to the NOT?
A listheinput to the NOT.

19
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Theinput into the
NOT operator is 1.

7. Using the NOT table, locate the input 1.

Thisthe input into SW
NOT operator. 0 1
1 0

0

)
ol

8. Find the output that corresponds to the input.
The output that corresponds to the input of 1isO.

Thisthe input into
NOT operator.

SwW L

0 1
1

1 0

Thisisthe output
for NOT operator

Notice that the output of the NOT will become one of the inputs for the OR.

Notice that
theoutput of NOT
becomes one of
theinputs for the
OR.

0

o[

N
D

9. Next, identify the next logical operator to the right.
The next logica operator isan OR.

The next operator is

the OR.

20
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10. What are the inputs to the OR?
One of theinput isa0 and the other isa 1.

Thefirg input to 0
the ORisO J —

ol
The second input
totheORis1
1

21
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11. Using the OR table, locate the input 0 and the input 1.

SW1|sw2 |

0 0 0

1 0 1

0 [yl 1

Inputs to the OR 1 1 1
operator

12. Find the output associated with an input 0 and an input of 1.
Theoutput of a0andalisl.

SW1 | SW2 L
0 0 0
1 0 1
Inputs to the OR 1 1 1 \
operator Thisis the output for
OR operator.
Thiswill form the other input for the OR on theright.
0
i
oI
0
1
0
1 he Notice that the
1 output of the
OR becomes
the input for
the other OR

Findly, one can now solve the problem.

13. Identify the next logica operator to the right.
The next logica operator isan OR.

22
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0 Thisisthe OR
-1 operator

o_l_: 0 /
1— oL !

11—

14. What are the inputs to the OR?
TheinputstotheOR are0 and 1.

Thefird input to
the ORisO
0
-1
0 0
0 1
1— e A
1 [
The second input
totheORis1
15. Using the OR table, locate the input O and the input 1.
SW1 | SW2 L
0 0 0
1 0 1
0 [yl 1
Inputs to the OR 1 1 1
operator

16. Find the output that corresponds to the inputs
The table shows that the output of O OR 1is 1.

23
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SW1 | SW2 L
0 0 0
1 0 1
Inputs to thé OR 1 1 |1 \
operator Thisis the output for
OR operator.
Thus, the answer to the problemis 1
0
J
oI
0
F )
1
1 0 ‘
1
The answer to the
problemis1

Boolean Logic and the Computer

The importance of Boolean logic to the study of computersisthat Boolean logic formsthe basis
of the processing operations of the computer. Everything from the components that process the data
entered by an individud to the components that store or hold information are comprised of Boolean
logical operators.

For example, if we desire a computer to add two (or more) numbers together, the numbers are
added by passing each number through an dectronic circut that forms the following logica structure.

The diagram below is a smplified verson of the dectronic circuit found in dl caculators and

computers. It isknown as atwo-bit adder, because it adds two binary numbers together.

24
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e

[

Carry

The output of the last OR represents the ones (1s) column (right most digit addition) in the
cdculations from the section on adding the binary. Also, remember that there is possibilty that there will
be a carry from one column to another. As result, the designers of these circuit must somehow account
for that carry. The square with the word "Carry” next to it will cgpture any number into the next column

(the 2s column). One can view the circuit as pictured in the diagram below.

L
1]

1scolunm

!

>

Carry 2s colunm

Suppose that one wishes to add binary 0 to binary 0.  The result of the calculation is zero.

Does the diagram above give the same answer?
0, 0
o] j j:' 0  1scolumn

0 Carry 2scolumn

Yes, it does. Notice that the 1s column is 0 and the carry is 0 making the 2s column 0 aso.
Suppose that one wishesto add binary 1 to binary 0.  Theresult of the caculationis 1. Does

the diagram above give the same answer?

25
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17,

o—!|

1 1scolumn

>

0

[

Carry 2scolumn

Yes, it does. Notice that the 1s column is 1 and the carry is 0 making the 2s column O .

Suppose that one wishesto add binary O to binary 1. The result of the caculationis 1. Does

the diagram above give the same answer?

0,

1]

1 1scolumn

e é

0

[ -

Carry 2scolumn

Yes, it does. Notice that the 1s column is 1 and the carry is 0 making the 2scolumn O .

Suppose that one wishesto add binary 1 to binary 1.  Theresult of the caculation is 10 (there

isacarry over into the next column). Does the diagram above give the same answver?

17,

1

1]

0  1scolumn
0

I—\‘I—\

1

[

Carry 2s column

Yes, it does. Notice that the 1s column is 0 and the carry is 1 making the 2scolumn 1.

One rardly sees asingle two-bit adder, because the sum of two numbers cannot exceed two.

26
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Asareault, computer designers will attach multiple copies of the circuit to together asin the

diagram below. The diagram represents a 4-bit adder which can handle sums up to 8.

L

J—ﬁ 1scolumn
L e

Carry

J—lDﬁ 2scolumn
Carry

ji

4s column

Carry
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