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Advanced Boolean Algebra

While much of the logic needed for a vehicle can be
programmed using just the three basic functions of
Boolean Algebra, you may find need for more
complex functions. This chapter deals with more
advanced functions that are "built" from the three
basic functions. It also introduces one of the more
importanttheorems, De Morgan's.

DE MORGAN'S THEOREMS

De Morgan was a great logician and mathematician,
as well as a friend of Boole's. Among De Morgan's
important contributions to logic are these two
theorems:
A+B=I(lA*1B)
A*B=I(lA+1B)

Inwords, the first equation says that the statement

A OR B is the same as the statement NOT (NOT A
AND NOT B) This set of equations will allow you to
use PMC to create statements having many ANDs
and ORs.

An AND function can be restated using OR, by
"NOT"ing the inputs and outputs. An OR function
can be restated using AND, by "NOT"ing the inputs
and outputs. In simple vehicles, you may never
require this function. For example, a three (or
greater) input OR function can be developed by
using several Virtual Channels (extra memory).
However, in more complicated systems, utilizing
DeMorgan's Theorem, the extra memory can be
saved and the entire equation can be written on a
single Boolean Editor Screen.

Q=A*B*C=!(!A+!B +!C)

THE EXCLUSIVE-OR FUNCTION

Another example of combining these simple
functions is the Exclusive-OR. The output of the
Exclusive-OR is true whenever the two inputs are
different.
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The truth table for this function is as follows:

Inputs  Output
A B Q
0 0 0
0 1 1
1 0 1
1 1 0

The reason for the name Exclusive-ORis this thata 1
output occurs when Aor B is 1, but not both. Stated
another way, the Exclusive-OR function has a 1
output only when both inputs are different; the output
is 0 when the inputs are the same.

The Exclusive-OR function can be created from the

simpler AND and OR functions as follows:
Q=(A*!B)+(!1A*B)

Let's go through this equation to examine how this

algebra works.

The first case is when both inputs are 0. The first
term, AIB isAAND'ed with IB, orOAND 1. The result
is 0. The second term, !AB is |AAND'ed with B, or 1
AND 0. Theresultis 0. OR'ing these two zeros gives
anoutputof 0.

The next caseiswhenAis0andBis 1. The firstterm
isAIB,orOAND 0. Theresultis 0. The second term
is!AB, or 1AND 1. Theresultis 1. OR'ing the 0 and
the 1 gives an output of 1.

The third case is similar to the second.

The fourth case is when Aand B are equalto 1. The
firstterm, AIB is AAND'ed with !B, or 1 AND 0. The
resultis 0. The secondterm, !ABis !AAND'ed with B,
or0AND 1. Theresultis 0. OR'ing these two zeros
gives an output of 0.
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The Exclusive-OR function gives us a new kind of
function to work with. We will use the symbol ® to
stand for this function.

When we want to describe an Exclusive-OR
function, we can write:

Q=A®B

An example of the use of this function is making a
three way switch for a light. If we use two switches
as the inputs for the Exclusive-OR function, they will
make the light go ON, or OFF from either switch.

Let's take alook at how this works.

If welet: A=Switch1
B =Switch 2
Q=Light

Then the exclusive OR Boolean expression will
be:
Q=A!B +!AB

If both switches are OFF, or 0, the expression is 0,
therefore, the lightis off. If either switch is turned ON
(they don't match), the expression will be 1, the light
will be ON. If both switches are turned ON (they
match), the expression will be 0 and the light will be
OFF.
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An additional switch can be added to the control
group by using the output from this expression to be
an input to another Exclusive-OR expression (rather
than being the light), with it's output being the light.

The two expressions would be:

C=Switch3
D =Temporary Memory Location
(Virtual Module)

D=A*IB+!A*B
Q=C*!ID+!C*D
With this expression, the light will be controlled by
any of the three switches. Additional switches can

be added to the control by writing more of these
expressions.

See Chapter 9 for PMC program examples, or call
Intellitec. We will be happy to asist you.
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/0 List
Input H/L
Channel Input/Output Name /0 | Output Amps Location/Zone
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Channel

Input/Output Name

/0

Input H/L
Output Amps

Location/Zone
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Input H/L
Channel Input/Output Name 1/0 | Output Amps Location/Zone

105
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107
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109
110
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116
117
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Input H/L
Channel Input/Output Name /0 | Output Amps Location/Zone
151
152
153
154
155
156
157
158
159
160

NOTES
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Module and Channel Assignment

Vehicle ldentification

Date

Module Name

Module Address A-P

Module Type or Description

Module Location or Zone

ﬁﬁ?:;:rl Channel Name In/Out Hig:‘/::w Boolean Expression
1
2
3
4
5
6
7
8
9
10
NOTES
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