
ELEC 379 : DESIGN OF DIGITAL AND M ICROCOMPUTER SYSTEMS

1998/99 WINTER SESSION, TERM 2

Review of CombinationalLogic Design
This lecture reviews the design of combination logic.
After this lecture you should be able to convert an informal description of the behaviour of a combinational logic
circuit into a truth table, a sum of products boolean equation and a schematic.

Logical Variables and Boolean Alge-
bra

A logic variablecantake on oneof two values,typ-
ically called true and false(T and F). With active-
high logic truevaluesarerepresentedby a high (H)
voltage.With active-low logic truevaluesarerepre-
sentedby alow (L) voltage.Variablesusingnegative
logic areusuallydenotedby placinga bar over the
name(B), or anasteriskafterthevariablename(B

�
).

Warning: Wewill useor 1and0 to representtruth
values rather than voltage levels. However, some
peopleuse1 and0 to representvoltagelevelsinstead.
Thiscanbeveryconfusing.

Exercise: A chip has an input labelled OE that is used to turn

on (“enable”) its output. Is this input an active-high or active-low

signal? Will the output be enabled if the input is high? Will the

output be enabled if the input is 1?

To add to potential sourcesof confusion, an
overbaris sometimesusedto indicatea logical com-
plementoperationratherthana negative-truesignal.
Theonly way to tell thedifferenceis from thecon-
text.

Combinational Logic

A combinationallogic circuit is onewherethe out-
put is a function only of the currentinput – not of
any pastinputs.A combinationallogic circuit canbe
representedas:

� a truth table that shows the output valuesfor
eachpossiblecombinationof inputvalues,

� a boolean equation that definesthe value of
eachoutputvariableasa function of the input
variables,or

� a schematic that shows a connectionof hard-
ware logic gates(and possiblyother devices)
thatimplementthecircuit.

Truth Tables

For example,thetruth tablefor acircuit with anout-
putthatshowsif its threeinputshaveanevennumber
of 1’s (evenparity)wouldbe:

a b c p
0 0 0 1
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1

Exercise: Fill in the last two rows.

Sum of Products Form

Fromthetruth tablewe canobtainanexpressionfor
eachoutputasa functionof theinputvariables.

The simplestmethodis to write a sum of prod-
ucts expression.Eachterm in the sumcorresponds
to one line of the truth table for which the desired
outputvariableis true (1). The term is the product
of theeachinput variable(if thatvariableis 1) or its
complement(if thatvariableis 0). Eachsuchtermis
calleda minterm andsuchanequationis saidto be
in canonical form.

For example,thevariablep abovetakesonavalue
of 1 in four lines(thefirst, fourth, sixth andseventh
lines) so therewould be four terms. The first term
correspondsto thecasewheretheinputvariablesare
a � 0, b � 0 andc � 0. So the term is abc. Note
that this productwill only be true whena, b andc
have thedesiredvalues,that is, only for thespecific
combinationof inputson thethird line.

If we form similar termsfor theotherlineswhere
thedesiredoutputvariabletakesonthevalueoneand
thensumall thesetermswe will have anexpression
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thatwill evaluateto oneonly whenrequiredandwill
evaluateto zeroin all othercases.

Exercise: Write out the sum-of-products equation for p. Eval-

uate the expression for the first two lines in the table.

Common Combinational Logic Functions

In addition to the standardlogic functions (AND,
OR, NOT, XOR, NAND, etc) somecombinational
logic functionsthatarewidely usedinclude:

� a decoder is a circuit with N inputsand2N out-
puts. The input is treatedasa binary number
andthe outputselectedby the valueof the in-
put is settrue.Theotheroutputsarefalse.This
circuit is oftenusedfor addressdecoding.

� a priority encoder doesthe inverseoperation.
The N outputbits representthe numberof the
(highest-numbered)input line.

� a multiplexer copiesthevalueof oneof 2N in-
putsto a singleoutput.Theinput is selectedby
anN-bit input.

� a demultiplexer doesthe inverseoperationand
copiesoneinput to oneof 2N outputs.

� adders and comparators, perform arithmetic
operationson inputsinterpretedasbinarynum-
bers

� drivers andbuffers donotalterthelogicalvalue
but provide higher drive current, tri-state or
opendrainor opencollector(OC)outputs

Exercise: Write out the truth table and the canonical (unsim-

plified) sum-of-products expression for a 2-to-1 multiplexer.

Example: 7-segment display driver

LED numericdisplaystypically usesevensegments
labeled‘a’ through‘g’ to displaya digit between0
to 9:

a

b

c
d

�
e

f
�

g

This exampleshows the designof a circuit that
convertsa 2-bit numberinto sevenoutputsthat turn
thesegmentsonandoff to show numbersbetween0
and3. WeusethevariablesA andB for thetwo input
bitsandato g for thesevenoutputs.Wecanbuild up
a truth tablefor this functionasfollows:

B A a b c d e f g
0 0 1 1 1 1 1 1 0
0 1 0 1 1 0 0 0 0
1 0 1 1 0 1 1 0 1
1 1 1 1 1 1 0 0 1

Fromthetruthtablewecanthenwrite out thesum
of productsexpressionsfor eachof theoutputs:

a = A B + AB + AB
b = 1
c = A B + AB + AB
d = A B + AB + AB
e = A B + AB
f = A B
g =

Exercise: Fill in the last line of the table. Draw the schematic

of a circuit that implements the logic function for the ‘g’ segment.

2


