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* Basic Propecties of Bavlean algeben:

Table 7.1.1: A few basic properties of Boolean algebra.
Property Name

a(b+c)=ab+ac Distributive (for AND)

Description
Same as multiplication in regular algebra

Clearly one of a, @' must be 1

ata=1 Complement 1+0=1
0+1=1
Result of a - 1 is always a's value
a-1=a Identity 0-1=0
1-1=1
- '
ore repecties.
Table 7.1.2: More properties.
Property Name Description
ab =ba Commutative (for AND) Same as multiplication for regular algebra
a+b=b+a Commutative (for OR)  Same as addition for regular algebra
OR only needs one 1 to evaluate to 1
at1=1 Null elements a=0 0+1=1
a=1 1+1=1
ata=a 0+0=0 1+1=1
aa=-a Idempotent 0-0= 1921
- M Peoperties'
ore f'Op e~rTV€S .

Table 7.1.3: Commonly used basic properties of Boolean algebra.

Property

a(b+c)=ab+ac
a+(bc)=(a+b)a+c)

ab=ba
atb=b+a

(ab)c = a(bc)
(@+b)+c=a+(b+c)

aa' =0
at+a=1

a-1=a
a+0=a

a-0=0
a+1=1

ara=a
ata=a

(@)=a

(ab)'=a'+b'
(@a+b) =ab'

Name

Distributive (AND)
Distributive (OR)

Commutative

Associative

Complement (AND)
Complement (OR)

Identity (AND)
Identity (OR)

Null elements

Idempotent

Involution

DeMorgan's law

Description

(AND) Same as multiplication in regular algebra
(OR) Different from regular algebra

Variable order does not matter. Good practice is to sort
variables alphabetically.

Same as regular algebra

(AND) Clearly one of a,a'mustbe0 1-0=0-1=0
(OR) Clearly one of a,a'mustbe 1: 1+0=0+1=1.

(AND) Resultof a- 1isalwaysa'svalue: 0-1=0 71-1=1.
(OR) Resultof a+ 0 is always a'svalue: 0+0=0 71+0=1.

Result doesn't depend on the value of a.

Duplicate values can be removed.

Discussed in another section



7% De Mocgam’s L avw

. De morgam s ,aw , o Bco]em albebrq Propenty f- Contemplting  on expression  comes

m X forms!
. (a+d) = &b
% @) = b’

* Bach lieml is complemented

* the AVD JORs  Quap

. u}: (ab)) i5 NOT  in gum-of ~groducts {prm

*y= @b TS in sum-of —peducds form.

?3 NHND / NoR _(u,m.‘\mrsa' ﬂw‘-es)

* ﬂ NAND sou‘]'e is 'H«. OPros:l‘e ('H.g NOTI hence +he "N“) of an AND 6“*2’ outputting
a O if all inpw}'s ore \S,' othervise He output is .

Figure 7.3.1: NAND truth table and gate.

< (VAwD 3»»1‘!5 are  universal 3n+es,

A Wniversal &M'e— IS o single gqate type that can inplement oy, combinational circust.

L VAND cun implement NOT, AND, and OB s Shawm below:

a a_ N
a+b a+b
b b _

NAND is thus a universal gate

Because NAND can implement NOT, AND, and OR, any circuit can be implemented with
just NANDs. NAND is thus a universal gate



- fi chip wil oweﬁc.br:c&eJ gates is called @ gate - aray ASTc. ASTC s short for agplication - speific

inte Jnd'eJ Cireait .

’ Cbnwhv\j 2 NAwD 3o.+es-'

l—) Tu&;q_, Jrvaa-!lw He inputs of & NAND gate is equivalent b & oT awl'e.
by _ED’)*
L :-r—;lW'knJ e output of a NAvp aq-lz is equivalent fo an AND gate.

b D

LJ —_Tndeohnj He inpels of & WNAND gate © equivalent +o an OR gate.

- A Vor Ja'l'e is the oppesite of an OR gate outputting O f ooy of He inpuls ane
ls K oterwise e odtpd is |.

L MR is also a univessl Jote

Figure 7.3.2: NOR truth table and gate.

a
0
0
1
1



35 Sum — of - Pacducts  Form

R Q’:°_J£+ Yerm  consists of ome or more variables , lile ab'c | joined by AwD.

’

. An expression in Sum-of — pradecls form consists  of ProJuc‘l‘ terms 30:“;) L.} OR , such as able? +ab

° Becmse Similarthes with resular alggbra  convenbion uses the word Y product B AND an) “sum" for OB
b ' r

‘\&nce 'Hm name “sum -of - puJug;ls "

° Comu\l-:na) $wm~oF —omel's "h? a  Circuit °

“ A sum-of - products equation can be easily Converted to o two-level ciceuit , Comsistng  of a column
oF AvD sahs (One aa,h per product +erm), folloved L-, an OR 3“"‘ (He Wor 30&!: preceding o

Avp gutes arew’t tonsdered a leuz,l-)

) f\ Precessor €Xecutes Computer Pregrams.
L) Devices such as )!qbowds or USB ports s».rround:rl, a processor may. request P processor b execute

a SuL—e"aJmm oa behalf of Jhat device , o request known as am interrupt .



26 Sum - of ~ midterns  foom

.A canonical  form of a Reolean equation s a standard equation frm B o Luwchon

. §_&"‘°p' Minterms  form is & Canomical oen of a Boolean equaton  whee the right -Side expresson
15 0 Sum of preduds wik each product a unique  Minkern .
’ A 'ﬁ‘ﬁﬂ"_ is qm»Jud" +erm kqv:v‘nj ex«wHy one  literal for every Q.,d.-ay. Var: able.

° A ]J"eral i$ a \arable appearance |, in teue or complemented form ,in Om @xpression , Such as b o b,

Imns{:armmj b sum-of - minkerms

. ﬂ Sum - of ’Pnoc)uc,k equation tan be transhormed o sum-of - minterms  Poen l)\,. Mulf.'/'y,wj

Cach ijwo‘; ‘I’Cﬁn B (V +v’) ‘g:r Qv Missin variadle v b create the minterm (.f ehoving  redundunt
? L J minterme)
L) Note ' (v+v?) is |

Etw.‘l'-'on = Sum-ofl ~-Minterns 'Pon‘

Y = (a+)}b
‘a.

ac + be

n

ab()) + be(D

ey
n

ab(ctc’) + be (atar)
abe +abc’+ abe + a’be

af oF
0 "

abe + abddt abe

o
})

i Be’(%‘*Sé Sum-of - minterns form iS c«mn.‘cqll You can put two J:fferent equattons inb

3'4/‘--0‘"\ “Minterms %rm 'Jb See l'c -H'ey rq»resen'l 'Hu Scme 'f-\uuch'on-



« A Conpact fuackion notution 1epresents euch mintern by o number.

)-p Given Hat ab’c is | i a/b/c are 1/0/1 | Hhat minterm is represonted as Ms becawse 101 in binany is

5 in c)ecfml.

MY becuwse a’he is | whes a/bjc aee O/if | Olo, > 2,

@: ab

Flab,e) = ab

- b (c+c')

n

mb becase abe’ is | when asbse is 1J1/0 . 110, 6,

2 abe +abc?
- m? +m{

= mbt MPZ (Since mirterns are wsually in tuscending ocdes)



