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Boolean Algebra
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Postulates Of Boolean Algebra
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Proving Some Expressions

CXL. Do X+ XY = absorbion theolem

X + XY = X.| ‘\'Xy
= x(wy)
- X,
ExX. Plove X+ x\y = Xxy
ety = (ex). (hxy)
= . U+y)
= X

Yo

&X. @raue%af XY + X2 +yz = Xy+ Xz
XA X X2+ Y2

- xyx X2t y2.(ed)

XY x XZ x Y2X + YZ&X

M

)|

XY r NNF x T ¥SY
= x3 (\x2) + L2 ()
= XY\ JVQ%_.\

= XY x ;(%%

EX. Sim@l{% %Lﬁ{;”owl'v%j Boolean %/)oﬁom f? . minlmwm  umber o/ litecadp

FCAC) = (Arc) + (A+0) (At 6 librod
= XS x % Y= (Axcd)
= X Y Y = (A7)
- @)+ (@)
= AC ¥ A0 Y ik
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ex. A0 « Bc + ABC + AB
‘ A liraly
B CA e +AD) + AR dis Wipudor \awo

7 likraly

= B (A + A= + pb SmPWhCodior \ow & likmds
8 (12d) + A8 Complement o 4 bkl
B'1 + 4B il law 2 ik
B'x fe Loty o) 73 Lk
Ax @ A ikl

exX . ab+acd +abd + aed +abod

ab + abcd + acd &+ a\bd 4 a)Co’\ \5 Lkl
ob(\+cd) + a'c(d+rd') +dbd

oo + wce + a'bd

b(a +ad) rac

bla+td) + &l

(/4\+8\%(}\>CA'I’C\>C%+C\) CQ\* C)) Pfod«d’ d,[ Swm

b3 duab'%,:— ,a/dg
7ot i ) o of te end
= G\ C /4\@] A« ‘8) —t Q] C ""?(%%WG?:;V (use me?
\ 3
= (AxB xB)+ BC
\ ¥ /007)6 Qf/
= o (AxD) x B¢
\ e, Compleme/mL of a gcmc%ron
= A« Bc is by dakin Hne _ dual
\ \ Hrhen Complézhenh/g each
= C + B I bra?
\ N D ba M \ \ \
- .8 exX.. Complement F:xaz—wyz‘
. duad 8 7(\%)/%%).(7(—&3\)(%\>
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Canonical and Standard Form

RWTERR S WOCICETR S WWIRCIE =

/ \ Cononca |

minfefms 2 . g Yems
ey anie. ComPleesst
to_cach othet. — .
o must haw Ihe ally vaticbels XV EIFAC W WRORY I
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Ox fGhy,®) = X9 2 + X B +XyB Swmof

0.0.0 + Ao\ 1.\ ‘Y..Pf‘odu}-
= M o + M x wE
- 20,17

exX. F(AnB:O) = % O;a)l‘fwé

= Mo T+ wmo ¥ ml1 +rm 4
a2 ooo x dlo + leo * \LO

- ABC + ABC x ABC x ABC)

ex F(fBcD) - 20,9, \0,\s

= Mo t Mo t Mo + Mg

= 00oco + oolo+ \Olo ¥  \\\\

— ABCD + AB O + ARCD ~ ABCD.

ex. FC}QY,'@__ (iacy‘r%).ﬁbc)?ﬂ—%) . P )cg’c'—&

3 oxo0x0) . (0:\-\3\-0 —(\*r\-t—l)
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ExX. F</{V)8)O> TCO/ 13')

= //L -//g
= o.\co-\cy (O*c\"to ( kO‘El)

(/lk@«tc) (A’r@)rc . (AxB+C) |

ex. F( H;E/CJD) = (/41—84—(}0) Cl‘T'\r é %C*‘D) . (/Tﬂ- e“ka + D) .
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(A -FCAB: C):: % QO) ?)

= VV)\,O X YYL?-
= ABCc x ABC

ex. FCAB,.0) - (A+R+c) . (/7);@1%3}
= N, . M3

= (_Ozv

L V)

ex. wrte FCABC) =2 (0,2.4)

D mathmaticel  expression .
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F for Poduct = (1,35, 6:7).
cof! 7
" F(4B.c) =&8lay) - T(1,2,5,6.7)
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ex. expos e Booleay) funckon  FCAB.C) =/4+B\C D

A S a% mintenms .
sz}iﬂ; two yastiabels :
MISS) VL

Afi/)(g"’@\) = /434‘%)3\ SG,COYIO) de(m Qe one,ugﬂfqbi
AB (cxd) = fBC + Agc! B'C( A+R)= ABC +ABC
A8 (crd) = 4B + A8 c)

VoY

CCAB,C) = ABC+ ABC +ABCHABS + Ade
= M3z + mg + ms“'”m\,“" .,
= 2 (Lus,6%) = 1(0,2,2)
ComPloment FABC) = 7 (14567 = 2 (0, %3).

Express he Fallowing in dee Sum s min tons 8-
D flab.cd) =<(8.36,10,11)

odlo ool)  olle \olo ol
= Mo+ ma+ €+ mjio+ M) \ \ \
= abcd' + sbed + abed + abed F abed
) g(a,.b,c,o/)_-%w,\)\a,ls)
Ooo2 cool Woa (AR

= V\Wo + M+ M+ Mg
= abcd’ + dbcd + abcd\ » abcd

?{E XQ(@%S%\&ﬁo”OU)M? puf)al'iom as a PI"OM %ﬂ%X 7L€1'm5 8-
fZ(X)y, 2) = XY« VB —b T iboxor ol & G
. o JE e@by
O et funchion ks OR tellms by using Hre Jishri bifoe e
Fo Qg ). (19«2
= (e¥). (Y1) (). (y+7).
Asdllse (49 (w9 (2
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@ each toum PisSing—One. Ueliabel
(X« 2.%) (KaZeyg) - (yrzaxd
=(g e+ 3. (yryre). ( fox Zty) (2 y) - (Cj +2 < %)
= (Tryr2). (¥xyrz). (hry+2). (55 +2)

C MM He N

= ’LT(_O, 2, ‘Hg)

v expes Flabed) =TCL30) ndhe fodudt of maxdoms Jorm

= /0[[ ; /4/3./41/
=%*°*0*9'k0t0_\-\*1> . (\JCO‘\"I ‘k‘l)

:(ﬂa—b{—c«i? . < a+ bk a»«oﬂ : (a\*’b*c\*d\)

$/ 8CQ1b}Cld):T<OI 5/ [%D
= /Vo s ///3

= (0+0x0x3) . (o* L+ o+1) . (lﬂclJcow) .

- @+b+c+oy ( oL+lp)+c,+—oU . (a\)cb\ﬂcoml\)-

\Lood

To Convert From )—Qﬂﬁg Carion)cal

o another , inter Yo 89 m bl

g and W and (is%djhuﬂ?:e, num ?@){ missing
from \\w_oﬁ‘aind Olefm-

T he ComPEQmenJL f a faﬂch‘ow erplessed by
A _dum dr Minfotms is MP@M of  Mar Feims
G intetcheny € and T, and Heef e Same

list of Indices .
ex. write dhe Complement of e pd]\ow\'l’lj function using Bum of
! mintems .
i by, ) =6 (0,2,2,4.6)
sl 44 P v, 2) = (0,23, 429 = 201, 6,2)
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ex. FCxy,2w) =s(0,1,2,4.6,9
Since %%5#6’” has 4 inPuJP Uaﬂiabd/) y “H/M ‘J’an/nwnbwf 04[ Vn}}?ﬂLQJZM

and waytoms - _
9i1 .:lé = O_ﬁZB

9 (XJY'/%JW.) = %(O) 1)’L) '1/ S/ ?)
= ‘ﬁ( ‘3/ 6/%LQ/ IO) ”//2/ I?/ 1(1/”3)

\
(LY, B =T (0L, 2, us,) }
= Z (_‘3/ 6, 8,2,10,1, 2,13,W4,15).

) > number

% tonunb o) Hintoins and Haxtoms = QA of variabed

= Mintoms S @(ﬂ%g_i_mm

v MaidOms 5 always O enties

& Ve conplament of a swn of mindorns s PRduck of
Maxtorms Lo e Same indicies —and e Ootsa.

¢ tof  Boolean /m@‘/cm, j,zwm Huo_ list Minforms indicies 0Ne. Can
dmm;ﬂ@ o [1‘571 of /{QH(%}?% ndices,  pnd  (ice  JolSa..

&b(m Boss o0 SHbe T ol sl 3
\_é\%{aj M 2 Noxu + Comploments
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Operation on Functions

And = intersection =&l
OR = union 2l

ex. FUAB.C) - £m(1,3,6,9) CFCABC) =S (02,15)
G(AB.C) =2m(0,1,2,4, 6P .G ABO =< (3,5).
Find FG = 2, (1,6,7)
FiG = 2m (0,0,2,3,4,6,2)
EG - sm(o,2.1) |

Eqguality functions

. Same sum of minterms
2 Same product of Max terms

e )T,:a}\o\)rac—\- be
oz ac + ab + Be

v, lalblc |

olo | /| 0,]

| 6[! \/ 5/7)" = [:l = (O)l)l B 5/7.’)

Vol L1 © A 6 = (3,‘1)

5(’,5; Q.
¢z, eﬂz(U‘Ul\\Oﬂ‘\‘.
g 32 ;2/ 6F,1,5)
= "ﬂ’C?/

3
ex. B (xy,2) - em, QM. 5, 6,7) = Combingbims = 0.8
FLQ&JO) = 71’{0;3) _, Gmbinabions ,;:2‘1
FLC&\\)?): %,(\)Q)

,;\nﬁ.u)n F_ (7(7)//‘2) T]’(O/ 3)
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Standard form

S0P
Pos

Sum of product
Product of sum

L S0P

e\ C\ = XY\ + X2
?—L = Y 4 Xa\%

@D pod
PBoolean explession is Fhe, ANDing (product) of OK tefms  (Sums) .

f =¥ (rxy £2)

Boolean expession is the

A @% = (x22) Gxy)

endther waa to expPress RBoolean Functions

OQ\‘ﬂj Csum) of ANDiems ( Qockck ).

Qp s ot 4o min +elm

&; “imilar ko yax telm.-

Two level Gate Implementation
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b= Xy + X2 b oy o+ xy'z
. Y
Y\—D—I_ X‘/\‘\’X% 1\1_ IQA/D-— Op
Q:ID—I—@‘ F X = im(?lemel’)J'q}foﬂ
Y SOP
level 1 levd 2 * el 1
AND OR AN o=
G- e (ry) | B = K(Pxy's=)
x A — oK _ AN
_ Dﬁ\ . >—L1 fmﬂeme/%a#an
:D,/’_D— D= o pes
5 Jeve] o and
leved 9. OR
Jeel 1 and
oR
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(&)
EN. = ap+cd +CR Célitvad ) . _, srondwd Forimnm SOP
hz ab+rc (d,e) (Blital) 5 non- standed form
(o) stendard Form | (B) non — Standard ferm

—D m— o D—— h

" T

low Cost implemen takion

:

nNes O

®

Additional Logic Gates {
Usfel i implomen lmj Boolean
NAND Gate _, AUoT AND }moh‘am.

opPPosite cp IQ_NP_

x T x y NAND ]
y:g o) =X HY 00 1 UﬂlU@fSCJ %a/éb 9 - <
NAND gat % o 01 1 X :
e y:®—x+y 10 1 @JS’\ S Km S0
0 AT

JAND
LO0R

Another symbol for NAND 11 3@&
Wweltor ¥ g

{ AND

OR

NOR Gate _. toT oR

OPPOSH’L dﬁ Og .
Sc \AVD/ WoR
NZ

x R op x y NOR .
y:D°— (x+y) =X Y 00 1 Mot assohahve .
NOR gate x ' 01 0
y:D_" Y 10 0
Another symbol for NOR 11 0

¥

NAND/NOR gates can have multiple inputs, similar to AND/OR gates

% . X3 ,
x:D)— G-y }’D(x.y.z) y_}(w.x.y.z)
y z 7 —

2-input NAND gate 3-input NAND gate 4-input NAND gate

% L4 ’
/.s\n‘ﬂ."v\n ;:E)O—(xﬂ/)' JZ’D(x+y+Z) D(w+x+y+z)

2-input NOR gate 3-input NOR gate 4-input NOR gate

N RS

sl Ll
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NAND usirm41/4NV O fo budd  nverdor
' sl Ao %gc&@

+ A single-input NAND gate is an inverter OE

xNAND x = (x - x)' = x' "_EDD_"’

+ AND is equivalent to NAND with inverted output

X

(x NAND y) = ((x-y))' =x-y (AND) ¥
+ ORis equivalent to NAND with inverted inputs

Xy

(x'NAND y') = (x' - y")' =x + y (OR) x+y

dddddddd by

NOR a,(smg V0% 3@“& Zo build muefﬁj'or‘ % aj@

+ A single-input NOR gate is an inverter O Q

xNORx=(x+x) =x" "_@‘)_x'

+ ORis equivalent to NOR with inverted output

X

(xNORy) = (x +y))) =x+y (OR) ¥ =

+ AND is equivalent to NOR with inverted inputs

(x NORy") = (x'+y") =x-y (AND) ol

¥ the mulliple Tnpuk A/AND/ MOR  Gafes
ane a single ﬂ“ﬁ‘/ Mo T @
Combinadiéh ofYa . inpud 242&,

€x. ﬁ = bd %Q\OQL\

3-_—D—|_ /A g /ﬂ_\ g _—D°—|_ /4

) e =D

3 S 3 —

AVD_ OR NAWD — NOR NAND _ HAND
T mp)e mentation Implementadion TImplemen fation

X hwo succesive. bubhels onsame. line, (ancel each  other

ORa lsal SN giov de LWOT) oo I ao Elal ¢

o2l
zfr/\drg@

=all
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« Example: Implement the given circuit using only NAND gates

A
B

D) > F/ [ ﬁ

Start from output toward inputs convlgggingogmgbnx,ggm_ml

« Example: Implement the given circuit using only NAND gates

G 1S

L4

S o], 2

FEP
5
nvertor
US|

LAN
Yals

*» Example: Implement the given circuit using only NOR gates

=D

/

Start from output toward inputs convgriing.gate.by.gate

.con

* Example: Implement the given circuit using only NOR gates

a

b
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% Example: Find the complement of the following expression
and implement it using (1) NAND gates, and (2) NOR gates:

G(A, B, C)= (A +B +C)(AB' + C)(A + BC)

G(aB0) = (A +é’c6)\'\' Q) +(,4+8‘c\>\
= AL +@+B)C>> + ( ﬁ\- (@*’C))

.
— 1/
D

v,

—

Anall 44
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XOR / XNOR

X y XOR x y XNOR

+ Exclusive NOR (XNOR) is the complement of XOR

00 0 00 1
01 1 01 0
10 1 1) o) 0

0 1

XNOR is also known

as equivalence

1 9 i

X X
y:)D_x X y e

XOR gate XNOR gate

“ XOR Funcdon 8-
# XNOR Punction 8-

anall

ST

2al LIL
[UDENTS-HUB.com

XOQ 8 0 Funclion
o equals 1, when has
odd \}{ 072 ones

VOR s 0
X Q%% oF 2ot

when has

* vﬁnw() dnt exist for mote Han Fwo 't\()]DUd'S.

X@y = %y + )

K@y)" = %+ XY

Px®0=x o x@D1=x
Px®x=0 v x®x =1
PxDy=yDx

CPXDYy =xDy

2Dy =x"@y=xd)

XOR and XNOR are associative operations

PPy DPz=xB(YB2)=xDyDz

(@Y B2) =B YD) =xDy Dz
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Positive and negative logic

% Choosing (1) 4o Wgh lewel _, posikive loyic syshem .
» olooosing ) do  low leved rh”;@ﬁo( /oﬁ/o Sg_g/em

+ Choosing the high-level H to Logic Signal
represent logic 1 defines a positive “‘l"‘ “‘I‘l“
logic system

« Choosing the low-level L to represent

logic 1 defines a negative logic Loaic Signal
system value value
( H
1 L
« It is up to the user to decide on a (b) Negative logic

positive or negative logic polarity

% e Conversion From Poisiq[iue/ o n%m 102 rc
it as uzma Jua l .

> ohaoﬂ/n; 0% to l&  and Uice versa.
* thanging (&) to () and Ulce Verss.

<+ The conversion from 5 gl
positive logic to negative L L |L Digital
logic and vice versa is B e
essentially an operation poscarceaeme (b) Gate block diagram
that changes 1's to 0’s and with Hand L

0’s to 1’s in both the inputs
and the output of a gate

> 4 y
0 0 0

0 1 0 )
1 0 0 X

i 1 y

% Since this operation
produces the dual of a positive logic
function, the change of all

terminals from one polarity 1 1 |

to the other results in taking 1o

the dual of the function 0 0 |0 :I:D¥
(e) Truth table for (f) Negative logic OR gate

negative logis

SV [P SON O ROV EP - Py
)8 Ul
_Anall s
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(¢) Truth table for (d) Positive logic AND gate



