TECHNOLOGY
Boolean logic and digital circuits
Boolean logic and gates
Real-life situations can be quite complex, one needs many statements to describe them.  Lets consider a 2-door jail.  The director asks for an alarm system using these words : “I need a security system that rings whenever the jail 2 doors are open simultaneously” – please have a look at the picture:
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To simplify this language and show the situation’s underlying logic, one needs a model built upon algebra.  Using a table will be helpful to summarize and asses all situations:
	1st door
	2nd door
	Alarm

	closed

closed
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open

	closed

open

closed
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	Off
Off

Off

On


To get in algebra with this logical system, lets suppose this set of assumptions:

(
call the 1st door state “A”, the 2nd door state “B”, the resulting alarm state “Y”;

(
lets state that “The door is open” (the question to answer is: “Is the door open”? because the director set an “open door sensor”), and that “The alarm is ringing”; and, finally:
(
0 means FALSE and 1 means TRUE

	A
	B
	Y
	When A is 0, the 1st door is not open, it is closed because “open state” is FALSE.  Since A and B are inputs  for Y, when both A and B send a 0 signal to Y, Y state is 0, that is off, the “alarm is on” state is false, then this alarm is idle.  
This type of table is called a “truth table”, this particular one is the jail system truth table.  All possible situations and results can be found.
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The relationship between A and B is: A AND B, that is: A AND B need to be true (1) to carry TRUE (1) to Y.  Here follows its Boolean algebraic equation and the digital circuit (gate/chip) diagram:
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Therefore, 0 (A = 0) and 0 (B = 0) = 0 (Y = 0), 0 and 1 = 0, 1 and 1 = 1, etc.
The three (3) basic Boolean operations are: AND, OR and NOT.  The others are XOR, NAND, NOR, that sums up to six (6) operators.
The OR is by default a “non exclusive or”, that is an “inclusive or”:
IF : A = 1 and B = 1; then Y = 1; if : A = 1 and B = 0; Y = 1
The NOT just inverts the signal value (please note the uppercase dash, it symbolizes the NOT:


_
IF : A = 1, then A = 0 

The NAND is the combination of NOT and AND, it inverts the signal coming from an AND:


____
IF : A = 1 and B = 1; then A ( B = 1 and A ( B = 0
And this is the same for the NOR , it inverts an inclusive OR.  Finally,
The XOR, or exclusive OR, carry a signal “1” only when it receives:

1° A=0 and B = 1; OR
2° A=1 and B = 0
IF : A = 1 and B = 1; then Y = 0 (here, the OR would carry a “1”)
(
Exercise :

1)
Please fill the following truth table; if necessary, use the file “DigitalCircuits.bmp” :
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Digital circuits are just sets of chips (“logical gates”) linked in a particular way.  They can be very complex and made of lot of chips.  However, boolean algebra laws can help us to reduce the number of chips used to set equivalent circuits (this will be discussed later on).
When analyzing/designing circuits, please be careful with flow line names.  An output from a chip can be the next chip input but only the first input lines keep their names.  The following example shows one of the OR gate input as the AND gate output. :
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In such a case, please note that the non-starting flow lines are unnamed.
We now need to know the Boolean algebra precedence rule before coming out to the next set of exercises.
Can you remember the famous “PEDMAS”, that is the precedence rule in mathematics.  The boolean logic operators equivalent rule goes as follows :
1°
parenthesis

2°
gate inversion; two (2) or more flow lines are linked with a gate
____

(symbols are : +, (, () with a line above it; example :
A + B + C)

3°
NOT; just a  over/above a flow line
4°
AND
5°
OR
6°
usual method, from left to right
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_
Here is an exemple :
A + B ( C = Y
Then, you need to :

1st, write down the three (3) flow lines A, B and C;
2nd, apply the NOT to A (put an inverter);

3rd, use B and C lines as AND inputs;
4th, outputs from the inverter and the AND gate must ran into the OR gate as inputs
In the following exercises, you need to set up circuits from boolean equations or the opposite: deduct the equation from the electronic diagram.  Do not forget to use the operation precedence rule, the steps for setting up circuits (just above), and, if necessary, the file named “DigitalCircuits.bmp”.
(
Exercises :

2)
Write down truth tables for a, c, and e, and diagrams for all of them:
_
a)
 A + B ( C
_
_____
b) A + B ( (C + D)
c)
(A + B) ( C
d) A ( B + C ( D
e) A + B ( C
f)  A ( B + C
3)
Write down equations for all diagrams and truth tables just for diagrams a and b:
[image: image6.png]v




[image: image7.png]


a)
b)
c) [image: image8.png]


d)
We talked about a jail security system at the very beginning of this resource.  It would be great to return to real, concrete life-situations modelizing, using algebraic equations and the corresponding digital circuits.

(
Exercises :

4)
For each of the following situations, draw a diagram and set up its truth table:
a) your whole family will stay home (0) or will go to the movie theatre (1) if : you wash the dishes, and dust; and if your brother mows the lawn, and take the garbage out of the house
b) when someone is speaking (1) during class time, no one else should talk at the same time; students should pay attention and not forget their materials in their locker.  If all goes well, then student will attain good marks, which would avoid angry parents.
