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GATE THE Direction Logic Gates

CHAPTER |
LOGIC GATES

INTRODUCTION

Everything in the digital world is based on the binary number system. Numerically, this
involves only two symbols: 0 and 1. Logicallg,can use these symbols or we can equate them
with others according to the needs of the moment. Thus, when dealing with digital logic, we
can specify that: 0 =low = false = no

1 = high= true = yes

Using this twevalued logic system, every statement omdiion must be either "true"
or "false;" it cannot be partly true and partly false. While this approach may seem limited, it
actually works quite nicely, and can be expanded to express very complex relationships and
interactions among any number of indivial conditions.

WwWSIINBASVYViOlI GA2Y 2F €£23A0 ¥YmMQ 3 wYnQy

a. Positive logic representation:

LF £23A0 WmMQ NBLINB&aSyl o0& KAIKSNI g2fal3sS GKIy
representation.

eg. M® [ 23O BYME | R>QVBIAA0 WYnQ
2.LAA O + | V:R->[BYIAO0 WnQ

b. Negative logic representation:

LF £23A0 WnQ NBLINBaSyild o0& KAIKSNI g2fdal3sS GKIy
representation.

eg. MO [ 23O bYn & | YR>QVBIAO0 ¥YmMQ
2.LogicWR-@H n += | y-R->pBYIAO0 YuQ

Truth Table:

The table contain all possible combination of inputs and corresponding outputs called as truth
table.
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LOGIC GATES

The flow of digital signals is controlled by transistors in various configurations depending
on the logic family. For most purposes we can imagine that the logic gates are composed of
ideal switches with just two states: OPEN and CLOSED. The state tftaiswontrolled by a
digital signal. The switch remains closed so long as a logical 1 (high) signal is applied and switch
is open as logical O (low)gnalsis applied. Logic signals interact by means of gates. The three
fundamental gates AND, OR, and N@re named after the three fundamental operations of
logic that they carry out. The AND and OR gates each havertmore inputsand one output.

The output state is defrmined by the states of theputs. The function of each gate is defined
by a truthtable. The logic gates are:

1. NOTGate
2. AND Gate
3. OR Gate
4. ExclusiveOR Gate
5. ExclusiveNOR Gate
6. NAND Gate
7. NOR Gate
1. Not Gate:This operation changes a logic level by its complementary i.e. 1 become 0 and O
become® ! bh¢ IFLGS Aa Ffaz2z OFftftSR Iy WAY@SNISND
Truth table: Symbol: Using NAND Gate
A Q=! Q
o |1 4 _DD—Q A —E}Q
1 0

1 IC 704 containssixNOTgates.

Propagation delay(t,): Practically the output of thgate is come after some delay called as
propagation delay.

1 If we provide feetlack from output to input between odd number of inverter
connected in cascade then output become square wave with time period of T3 2.N.t

Where N: Number of invertersy:tpropagation delay.

Ex. Find the output waveform of output Y of following diagrérpropagaton delay of inverter

is 1. [ y



http://commons.wikimedia.org/wiki/File:NOT_from_NAND.svg
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Solution: The output will be flip (3= 0) between 0 and 1 after emet, time as shown below:

e — ]

tp

1 Square wave with time period T =,22.N.{, here N=1).

1 Frequency of square waveqs= T = T here F = 1/(2)
d 4.

1 Its also called aastable multivibratoror ring oscillator(when feedback between odd
number ofinvert connected in serigs

1 If feedback betweemvennumber of inverter connected in cascade then output is
stable (no change) so its calledkastable multivibrator.

2. AND Gate:The ANDGateoperation is performed like multiplication of:1s and Osalliinputs
are 1 (high) then only output is 1 (high) otherwise output i©0®y).

Truth table: Symbol: Using NAND Gate
A B Q=AB A — A —

oo o o D e e e
0 1 0

1 0 0

1 1 1

1 AND operation is same as connection of switches in series. In below diagram light is on
OAPSD 2dzli Lddzh. A4 f23A0 WYmMQUu 2yfteée Ay fFad Ol
f23A0 WMQUL O

0%x0=0 0x1=0

T e 0 -D_ U F/ L :”

1x0=0 1x1=1

D ot D e

T ¢¢[ L/ Qa Zfe!qQ 7808 conthins Hdr Wvo inputs AND gate4ia11
contain three 3 inputs AND gates, IC 7421 contains two 4 inputs AND gates.



http://commons.wikimedia.org/wiki/File:AND_ANSI_Labelled.svg
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3. OR GateThe OR Gateperation is performed like addition of 1s and Os. If all inputs are 0O
(low) then only output is O (loyyall other cases output is 1 (high)
Truth tabk: Symbol: Using NAND Gate

A

Q=A+B af]

=)
==
=)
m 1=

o

)

0

0+1=1
0O+ 0 =20
) . 0 0 1
. . . 1 —/o— Y
vj:>” f —O- 112% 1 9
1. —_ 2. i
1+0=1
1 1 1+1=1
1] ~A - .~
0 1Dl N o

1 OR operation is same as connection of switahgsarallel. In above diagram light is on
OADPSD 2dziilddzi A& f23A0 WYMQU GKSY lye &agAl0OK
1 IC 743Zontains four 2 inputs OR gates.

4. NAND GateThe NAND Gate operation output is 0 (low) when all inputs are 1 (A#igh),
other cases output is 1 (high).

Truth table: Symbol:

A B Q06! ¢ p—

0 0 1 _— Q
0 1 1

1 0 1

1 1 0

1 BubbleORgate isSNANDgate

A A'+B'=(AB)' A (AB)’
e —
B B —



http://commons.wikimedia.org/wiki/File:OR_ANSI_Labelled.svg

GATE THE Direction Logic Gates

1 NAND & NOR gateusiversal gate since any Boolean expression (any gate) can be
construct by only NAND gate.

Implementation of other gates by using only NAND gate:

i. Inverter:

\ _ED_ o (A on

ii. AND:

(A.B)'

B

Q=(A'B")'=A+B

(A'+B)

(A.B)'
Q=AB'+A'B




GATE THE Direction Logic Gates

vi. XNOR:
A—t (A'+B)
(A.B) AB'+A'B 0= AB+A'B'
B—* (A+B")

Step for representing any function bMAND only:

1. Write the boolean expression in reduce SOP form and construct logic diagram by AND
OR gates.

2. For AND gate apply bobble at output and one inverter in series.to compensate the effect
of the bubble.

3. For OR gate apply bubble at the input sidel amverter.in series to compensate the
effect of the bubble.

4. If two inverter in series then neglect them (construct inverter by single NAND gate)

Ex.2 How many two input NAND gate require for boolean function f(A,B,C)=ABC
Solution:

After step 1:

A — AB

B — ABC
C

Afterstep2 & 3:

(AB)

A AB
B —] (ABC)'

) D ABC
C

After step 4:

B —] (ABC)'

ABC
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Their for 4 NAND gate require.

Ex. 2 Find the number of minimum two input NAND gate require to construct boolean function
f(A,B,C) = (A+B)(B+C)

Solution:

1. Convertmn reduceSOP formf(A,B,C) = (A+B)(B+C) =B + AC
2. Constructiogic diagram by ANBOR gates and convert AND , OR, and inverter into
its equivalent NAND form

B B'
B B + AC [B'(AC)']'=B+AC
: == Ry
— A
O -
C— (AC)'

Their fore for the construction of f(A,B,C)=(A+B)(B+C), we require minimum 3 two input NAND
gates.

U AND¢OR is analogous to NANDNAND. representation

5. NOR GateThe NOR Gate operation output is 1 (high) when all inputs are 0 (IGvafhar
cases output is (Jow).

Truth table: Symbol: Using NAND Gate:
A B Q0! b
0 0 1 A
0 1 0 Q
1 0 0 A
B
1 1 0 B i>_Q

1 Bubble AND gate is NOR gate:

A
A'B'=(A+B)' A+B)'
g (A+B) (A+B)
B

Implementation of other gates by using only NOR gate:

i. Inverter:


http://commons.wikimedia.org/wiki/File:NOR_ANSI_Labelled.svg
http://commons.wikimedia.org/wiki/File:NOR_from_NAND.svg
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ii. AND:
A A
Q=(A'+B")'=AB
B B'
iii. OR;
(A+B)'
A =A+B
B
iv. XOR:
A
(A+B)' B A'B'+AB
B ABI
v. XNOR:
A
A'B
(A+B)'
B ABI

10
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Step

1.

2.

3.

4.

i

forrepresenting any function by NOR only:

L ogic Gates

Write the boolean expression in reduce POS form and construct logic diagram-by OR

AND gates.

For AND gate apply bobble at input and inverter in series to compensate the effect of

the bubble.

For OR gate apply bulgbat output side and inverter in series to compensate the effect

of the bubble.

If two inverter in series then neglect them (construct inverter by single NOR gate)

OR- ANDis analogous to ®R- NORrepresentation

Ex.1:Find the number of minimum two inpWNAND gate require to construct boolean function
f(A,B,C) = (A+B)(B+C)

Solution:

1)

f(A,B,C) = (A+B)(B+C) is in reduce POS form.

2) Construct logic diagram by QRND gates and convert AND , OR, and inverter into its

A (A+B)
B :X>_|_ (A+B)+(B+C)

B ——3
C :):>(?+C} c

equivalent NOR form

Three NOR gateequire

[(A+B)' +(B+C)']
=(A+B)(B+C)

6. XOR GateThe XOR Gate operation output is 1 (high) when odd numbers of inputs are 1
(high), otherwise output is 0 (low).

D Gate:

Dt
D

Truth table: Symbol: Using NAN
A B Q=A®B A —

0 0 0 |_
e — =p
1 0 1 Q

1 1 0 B B—=

1 Act as inverter if one input is logic 1.

Ds

11
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1 Act as buffer if one input is logic 0.

?PD_G: A jPD— Q=A

logic O -
J Buffer logic 1

Inverter

1 Act as odd parity checker and even parity generator.
o Ld Aa 2RR LI NRGE OKSO1SN a0ASeipS AF 2RR
2 dzd LJdzl Aa t23IA0 wmQo
o LO A& SOSYy LINARGEe 3ASYSNLG2NI 0SSOl dzasS ydzy
output are always even.

1 Equivalent:

ng?D—o ———- g%_o

Examples:

1. What is output Q?

:PD?B_ D

| SNB 2y S Ay LMzt {2 - hw 3 (S ainvarter. Sugpask QQakm Q> a2
outputs of first, second output and goes on then

Al 1,82 Qe QF=AX DO
SOQsOZQ:A_

2. What'is output Q?

1

Q' 1,23, Qe! QT WEIXDD
S0Q=Q=1

A

12
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7. XNOR Gatd=or two inputXNOR Gate operation output is 1 (high) wieth the inputs are
same otherwise output is 0 (low).

Truth table: Symbol: Using NAND Gate:
A B Q=ArB A—
0 0 0 A
0 1 |1 5 Q 0
1 0 1
1 1 0 =

U Act as inverter if one input is logic 0.
U Act as buffer if one input is logic 1.

’;PDO— Q=A" ?PDG_ Q=A

logic O

Inverter logic 1 Buffer

1 Output of even number of fain (input) XOR and XNOR gates are complement to each
other if inputs are same.

1 Output of odd number of fain{(input) XOR and XNORtgs are same to each other if
inputs are same.

Truth table for two (even)fan-in XOR and XNOR gates

A B A ®BAFB
0 0 0 1
0 1 1 0
1 0 1 0
1 1 0 1

Truth table forthree(odd)fan-in XOR and XNOR gates

o9)
@)

A@eB®C|AfrBEFC

0 0

Rk~ |lojlo|lo|o|>

R Rlololkr|kr oo
R olrkr|lolr|lOo|r|o
IR
Rololr|lolkr|k

13
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NOTE:

HA®. Q @eBf@®. 0 GBI !

H (AeB@®C)=(ArB FC)

B NANDandNORGate are universal Gate because by using only NAND or NORrBate
we canconstructany Booleanlogic(other logicGates). Number of NAND and NOR Gate
require to formation of other Gates.

Logic Gate No. of NAND Gate require| No. of NOR Gate require

NOT 1 1

AND 2 3

OR 3 2
NAND 1 4

NOR 4 1

XOR 4 5
XNAR 5 4

14
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Problems
1) How many 2nput NOR Gate require to desigarjout XOR gate
A)3 B) 4 C)5 D) none

2)1 26 YlIyeé H AYyLldzi b!b5 3IFGS NBIljdzANBE FT2NJ F2f ¢

A) 4 B) 5 C)6 D) 7
3)1 26 Ylyeé H AyYyLdzi b! b5 3IIFGS NBI dzA NB
A) 1 B) 2 C)3 D) 8
4) How many NOR gate require to construct XNOR gate
A) 3 B) 4 C)5 D) 6
5 IfEXYIT n FyR o-bXgR I n (KSYy FAYR
A)O B)1 C) X+Y D) Data insufficient
6) fAB=Oandh @B n (KSy o0l b. 00O A&
Al Q B)A C)0 D)Data insufficient

7) Which logic is generated by following ckt
A

o_Dli—o
e

A) OR B) AND C) NOR D) NAND
8) Which ofthe following gate is redundant?

A) 1 B) 2 C)3 D) both A and C

9) FindoutyY

i 2

15
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A —

s ) O—
o \ Y
B—

Al B)O C) AXOR B D) none

10)The output of a logic gate is 1 when all its inputsatrgic 0. the gate is either
A)a NAND or an EQR B)an OR or an EXOR
C)an AND or an EQR D)a NOR or an EXNOR

11) The logiccircuit shown in the given figurgan be minimised to

©)

<
|
S
b
%

12)Minimum number of NAND gates required to implement XNOR gate

A) 4 B) 5 C)3 D) 6
13)If the inputto the digital circuit consist of a cascade of 2BA&R gates is X, then the output
Yis equal to
b7 xnor XNOR XNOR [ | XxNOR .
Al B)O C) X 50 - Q

14)Output Yof the circuit shown in figure is equal to

—

10 6! ./0Q ! @bC)OHb /60 O QtD)ath A dnd B

15)The circuit shown in figure is functionally equivalent to

16
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A NAND — |
NAND
B
NAND [—
A Y
I
NAND
o [wwo]

A) NOR gate B) OR gate C) XOR gate D) NAND gate

16)How many two inpug X-NOR gates are required to implement thre@uts XNOR gat@

A) 1 B) 2 C)3 D) 4
17LF ' QQTrb, 2 GKSy ., Q b .Q, Aa
A) A B) B /0 . Q D)O
189)A®B@! B
A) 0 B)B C). Q D)A
19)The number of minimum-2 y LJdzii & b! b5 (LGS NBIjdzZANS (G2 A YLIH
A) 0 B)1 C)4 D)7
20)If A.B =0, the®\ @ Bis
Al Q b . B)1 C)0 D)A+ B

21)ABoolean function of two variables A and B is define as f(0,0) = f(1,0) = f(1,1) =1 and
f(0,1)=0. The minimum cost solution for realization of f(A,B) by using NOR and OR gates
only. Assume cost of both the gate is.one w@amtl complement of A and B are not

available.
A)1 unit B)2 unit C)3.unit D)4 unit
22)What are A,B,C respectively, so output Q become zero
A D
Q
C E
A)0,1,0 B)10,1 C)1,1,0 D)AI
23)Findoutput QA ¥ . A& O2yySOGSR G2 t23A0 ¥YmQ
Bﬂ{}f
Q
e

17



GATE THE Direction Logic Gates

A)O B)! Q C)C D)AG/ Q
24)Find the minimum number of-xput NAND gate require for implementation of following
logic function

A

B

I— ouTt
C

A) 2 B)3 C)4 D)5
25)Find the frequency of square wave generated by-following circuit if propagation delay of
each inverter is 20 ns.

S e

A) 50 MHz B)25 MHz C)8.33 MHz D)16.66 MHz
26)How many twaeinput AND and OR gates are required to realize Y=CD+EF+G

A)2,2 B)2,3 C)3,3 D)none of these
Answers
1. C 2.°C 3. B 4. B 5 A 6. A 7. A 8. D 9. C
10.D 11.D 12.B 13.A 14.D 15.C 16.B 17.A 18.C
19.A 20D 21.B 22D 23C 24B 25C 26.A

18
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CHAPTER Il
BOOLEAN ALGEBRA

Why Boolean simplification

Boolean algebra finds its most practical use in the simplification of logic circuits. If we
translate a logic circuit's function into symbolic (Boolean) form, and apply. certain algebraic
rules to theresulting equation to reduce the number of terms and/or arithmetic operations,
the simplified equation may be translated back into circuit form for a logic circuit.performing
the same function with fewer components. If equivalent function may be achievedfewer
components, the result will be increased reliability and decreased cost of manufacture.

Booleanalgebra

The algebra that can be done with binary staf@egnd 1)and theoperation perform by logic
gatesknown asBooleanalgebra.

w / 2 Y'Y dednpasikicd ws: A+B=B+A

w !aa20xFGA0S tRGaA+(B+C)=(A+B)+C
b) . A(BC) = (AB}

w 5AA0ONROGdzAADS L o AB+C)=AB+AC

w .22t Sy 1 f3ISONI NYz Sa

1. A+0=A 7.AA=A
2 A+1=1 y® £0p! Q

3.AD=0 PP BA QU Q

4. Al=A 10. A+ AB= A
5.A+AA MM® B=/A+B Q
cd I=1b 1 Q 12. (A+B)(A +C)= A+ BC

w 5Saz2NAlLY I ¢a¥ A+ 0Q T 1 Qd. Q
by o6!.0Q I 1Q b .Q

19
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X1 X{ ——d

Xo r Xp ———9
: — :

Xp—2 Xp —

XXX
[SHE R
X XX
3 Na

(b)

Representation of Boolean Expression:

Any Boolean expression is represented in two forms
1) Sum of product (SOP)
2) Product of sunfPOS)

Both these forms are known &anonical forms.e.each term contain all the variables

1.S50P

SumOf-Products orSOR Boolean expressions may be generated from truth tables
quite easily by determining which rows of the table ‘have an output of 1, writing one product
term (minterm) for each rowK I &, 2.dz{i LJdxid final® SumingditEe product terms.

This creates a Boolean expression représgnthe truth table as a whol&umOf-Products
expressions lend themselves well'to implementation as a set of AND gates (products) feeding
into a single OR gate (sum).

1 In SOP form each individual term is knownrasterm and expression is written as sum of

minterm.
1 In SOP representatioAND tinctions are followed by an OR function.
LY «fht FT2NN¥ZI lye GFINAFI6fSE ! NBLNBaSyid Fa f:

Example For given truth table represent output Q in SOP form

(input) | (input) | (otput) | Min

A B Q term
0 0 1 F'Q. Q
0 1 0 Q.
1 0 1 . Q
1 1 0 AB

{2fdziA2yY {ht F2N¥ Aa adzy 2F YAYOGSN)XY F2N 6KAO
Therefore,v I' | QO Qb !
Since SOP form give logic 1(high) output.

20
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 SOP form is denoted B@= B & {6 "©3Q 4 i "@i 0 COGEONOO Q& Db
1 Above example can be represent in SOP form as f(A38) 0,2}

2.POS

ProductOf-Sums or POS$Boolean expressions may also be generated from truth tables quite
easily, by determining which rows of the table have an output of 0, writing one sum term for
each row, and finally multiplying all the sum terms. This creates a Boolean expression
representing the truth table as a wholBroductOf-Sums expressions lend themselves well to
implementation as a set of OR gates (sums) feeding into a single ANpgatect).

1 In POS each individual term is calledreesxtermand expression is represented as product
of maxterm.
fLY th{ F2NXZI lyeé JINARIFI6fS I NBLINBaSyd a f2:

Examplefor given truth table represent output Q ROS form

(input) | (input) | (otput) | Max

A B Q term
0 0 1 (A+B)
0 1 0 0! by
1 0 1 0! Qb
1 1 0 o! Qb

Solutont h{ F2NX A& LINRBRdzOG 2F YIEGSNY F2N 6KAOK ;
Therefore,Q=0 ! ba !Q®L . QUL
Snce POS form give logic O(lpautput.

f POS form is:denoted B@= B 0 {& cxiQ & "@i 0 "OGCE 660" Q & "B
1 Above example can be represent in POS form as f(AH) £1,3}
1 Bothmaxterm andminterm are inCanonical forms

Ex. Represent following truth table in standaBOP and POS form

w

f(A,B,C)

Rk |F|lo|lo|lo|o|>

RlO|R|o|r|olr|o|lO
olo|r|r|olr|o|lo

RPFPIOO|IFLIFIO|O

21
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Solution:

SOP: Addition of mintersfF 2 NJ ¢ KA OK 2dzi LJdzi Aa f23A0 WYmQd | SN
input combination of A, B and C: (016> (2ho, (100}%--->(4)o, (101)--->(5)0.S0
standard SOP is represented as:

B- o{..}

th{Y adzZ GALX AOFiA2Y 2F YIFIEGSNX¥a T2N 6KAOK 2dzi
following input combination of A, B and C: (G085 (0)o,(001)2--->(1)0,(011)--->(3)0,(110)
-->(6)0,(111)--->(7)oSo standard POS is represented as:

l: J_l{””}

1 From above we conclude that for the same truth table (i.e. sane Boolean fun@tien)
term contain in standard POS form are the akgible term except the term presents in
standard SOP and vice versa.

Ex.Distinguish between min terms and maxterms.
Ans:Distinguish between Minterms and Maxterms:
1 Each individual term in standard Sum Of Products form is called as minterm whereas
eachindividual term in standard Product Of Sums form is called maxterm.
f ¢KS dzy o NNBR f SGUSNI NBLINSaSyid mQa FyR GKS
GKSNBIa GKS dzyol NNBR f SGUOSNI NBLINBSaSyd nQa I yR
1 Suppose the minterndesignation for three variable expression beB¥=(1, 3, 5, 7)
WheretheB NBLINBaSy da GKS adzy FyR WwYQ aidlyRa F2N VY.
Decimal number 1 corresponds to binary number @ddi minterm isACBQC
Decimal number 3 corresponds to binary number @bdi mintem isA®BC
Decimal number 5 corresponds to binary number 20&i minterm isA BQC
Decimal number 7 corresponds to binary number ahdi minterm isABC.
Therefore, ' ! Q. Q/ b | Q(THe sum oflall aBdve rkin térm)/
1 Whereas the Maxterm designatidar three variable expression b&b 0 (0, 1, 3, 4)
Where theb represents the product and M stands for maxterms.

Decimal 0 means binary 000 anaxterm is A+B+C

22
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Decimal 1 means binary 001 anthxterm is A+B&)

Decimal 3 means binary 011 anaxterm is A+BQHQQ

Decimal 4 means binary 100 and tern\&B+C

ThereforeY=0! b. b/ 0o ! b. b/ QU Théprofst/of@lbabdventax tbrin)o

Ex.Write the given Boolean function f(A,B,C,B)& {0,4,5,6,7,9,10,12,13} in POS form
Solution: In POS form contain the term which are absent in SOP.form.

Therefore, POS form is, f(A,B,C,B)& (1,2,3,8,11,14,15)

Formation of standard SOP fomin SOP form if any variable is absent in any product term then

multiply that producttermwithE b EQU X gKSNBE WEQ Aad (GKS YAaaAy
T 6E b EQU I ™ | YR Ydboleanlfihcdtion6e& m Aa y20 | FFS

Ex.f(A,B,C) = AB + BC, given Boolean function f(A, B, C) write down in standard SOP form

Solution:Ly FANRG LINPRAzZOU & SKNAWAYD aXKSY@ NALIDE SA &
a4SO02yR LINRPRdzOG GSNXY WwW./ Q GKS @GFINRAIF6ES Wl Q A&

Therefore, f(A,B,C)T L. 6/ <b W/ Q0 b ./ 6! b 1 QO
1. b ol ./ Q b .l b Q.
fABC ! ./ HBIQ. /B by &ailyRINR {ht F2NXO
f(A,B.C)=Ba{367} & Ay {ht - +& m FYR -Q & n ¢
I & 1-80V1)-->3)o,! . +-¥)110)--->(6)o ABG--> (111)-->(7)o

Formation of standard PO%rm: In POS form #ny variakzle‘\is absent in any sum term Ehen
I RR GKFG &adzy GSNY ¢gAUK OEEQOI ¢KSNB WEQ A& (K

1 6EEQU I n YR FTRRAGAZY 2F M A& y20 | FF¥S0i
Ex.f(A,B,C) = (A + B) (B + C), given Boolean function f(A, B, C) write dovmadamdsROS form

Solution:Ly FANRG &adzy GSN¥Y WwWo! b . 0Q GKS @I NRIFof
& dzy GSNY Wo6. b /0Q GKS GFNAFIo6ofS Wl Q Aa YAia

Q¢ ()

Therefore, f(A,B.C)I' 6! b . b [/ [/ Qvo. b [/ b 11 Q0

23
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=(A+B+Q)( b . b [/ Q0 6! b . b [0 6!'Q b
f(A,BC)I' 6! b. b/0O 6! B . b [/ Q0 b 6!Q b . b
f(A,BC)=b0{0,1,4} & Ay L}a - a n YR -Q la m ¢

as (A+ B+ &y (000,-->(0) 0! b ->(0BL)->Ap 6! Q b->(100B->(4x

Number of possible Boolean expressiomn switching function:

f We can form total ~ different Boolean functions by using:n variables.

Forn=0; "= =2.These are {0, 1}.

Forn=1; "= T n® ¢KS&a8S INB 9n mMI b3 1 QY adzlllzas i
Forn=2; "= I wMc® ¢KSasS IINB .9nx mMZ !z 1 Q3 .3 .Q%F
0! b . QU ! .Q b 1 Q.3 1''Q. Q0 bL! . YO

Ex.How many different Boolean function can be possible by usingriable.

Solution: "= =2%

Dual ExpressionDualexpression is-equivalent to writing negative logic for given positive logic.
In dual expressian

U AND and OR Gates are interchange
U NAND and NOR gates are interchange
U Zero and onealso interchange

Ex: Q=AB+BC its dual ag=(QA+B)(B+C).

Self dual function'Seme function have their dual expression same as original function. These
function called aself dual function.

Ex:Q=AB+BC+CA its dual as(@+B)(B+C)(C+A) after simplification it will give same as Q.
i.e. Q= Q = AB+BC+CA = (A+B)(B+C)(C+A)

f  With N variable, maximum possible self dual function is
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Simplificationof Boolean functionusing kmap:

The kmap method is a systematic method of simplification of Boolean function. It is
graphical representation of Boolean@®ession in which each cell correspond to unique input
combination and we write O or 1 in that celépend on inputs.

The groups generated are then converted toBaoleanexpression by: locating and
transcribing the variable possibility attributed to the box, and by the axiom &iviBoolean
algebra in which if the (initial) variable possibility andritgerse are contained within the same

ANRdzL) GKS G NAFOoftS GSNXY Ada NBY2JS Retiucsila@i&” I NP d:

of-LINE R dzO (i BobleareypressikrsS
For SOP:

1 K-map is work on the principle of grey code

f Make least number of group of ddjOSYy & 2y S G KFG, gAff O23FSNJ
group

Each group contain maximum possible number of adjacea®ah

Ly Fyeé 3INRdzL) G KS v shauiba\df tBeTordér &2(l.eOgffoyipliof 12 Y S Q &
2,4, 8, 16 etc)

T
T

 Bygrouping 2numberofo/ SQa 9S NBRdAzZOS (KS Y ydzYoSNI 27
term i.e. suppose in-kap of pvariable we group2y dzY6 SNJ 2F 2y SQa GKSy

term the available variable will. be {n) since:m number of variable will reduce.
Therefore By grouping i ¢ 2 the @ha variable will reduce
C2dzNJ mQa (KS (g2 QOFNRIOfSa gAf
9AIKE mQa GKS GKNBS gl NAIlIof Sa

EXCAYR UGKS ydzYoSNJ 2F fAGSNIf LINBASY(d-AYy LINEP

variable kmap

{2t dziA2yY DNRA2y250adc 42y B8 NBIRHZOS n FF NR |

number of literal present in product term is-n) = (5-4) = 1

For nvariable Boolean function the-kap has 2cell.

k-mapuis use to reduce Boolean function upto six variable. For more than six variable
Boolean functiorQuinegMcCluskey Tabular Methos use for reduction.

= =

For POS

f For generation of reduce POSfod®S LIt | O WmMQ o6& Wn

Two variable kmap:

9 Total number otell is 2 = 2 =4. Each cell contain two literal.
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A o 1 A o 1
B B
0 mo mz o] AB AB"
1 m+ msa 1 A'B AB
 Where Ais MSB and B is LSB
Three variables fmap:
AB oo 01 11 10 ABoo w01 1 0 10
C C
Of mo | mz | me | ma o |aB'c'|ABC | ABC' | ABC’
1 mi ms m7 ms 1 |ABCc|ABC ABC | AB'C
1 Where A is MSB ardis LSB
Fourvariables kmap:
AB
0o o1 11 10
S|l-mo m4 mi2 me
= ml ms mi13 m9
()
O
= m3 m7 mis mi1
= m2 me ml4 miQ
1 Where A is MSB aridis LSB
Ex.Minimize the given Boolean function f(A,B,8 & (1,3,5)
Solution:
A AB oo 01 11 10
0 Therefore¥o! . =/ 0 T |
[ [ i
—
/ 7
B'C A'C

Q/
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Ex.Minimize the given Boolean function f(A,B,C,&(0,1,2,6,8,10,11,12)
Solution:
A'B'C’ AC'D'
Ao/ 01 1 10 /

CcD
Therefore f(AB,GDO [ Q¥ Q
00 ﬂ\/ ()/ AGBQ b B QI 5@/

01

\t/
11 m
o s O

L T
A'CD’ AB'C

Ex.Minimize the given Boolean function f(A,B,C,® & {0,1,2,5,6,7,8,9,10,11,14}

Solution:
AB
cD 00 01 11 ‘!EI
oK Q
01| o m 0
—

) 1l _H o) ' T
(A+B'+D") (A'+B)
10 0 0 j;qj)
(T_
(C'+D)

Therefore f(ABCD)=0 . b/ 06/ Qb5006! Qb. 06! b. Qb5 Q0

Ex.Minimize the given Boolean function f(A,B,C,® & {0,1,9,10,11,14} in POS and SOP form
Solution:f(A,B,C,D) 50 0,1,9,10,11,14 = Ba{2,34,5,6,7,8,12,13,15}
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POS SOP
AB

oD 00 o1 1 10 . AB 50 01 1 10

- AC'D'
00 0 00 1 1
[A+B+c1~ﬂ O Rl ey
01 w m BC'
- (A'+B+D’) o1 ! !
11 W 1| 3 1 i~ 1—+eD
10 @) 100 |1 TH A'C

(A™+C'+D)

43S 2F R2V Qi OFNB O2yRAGAZY

T 52y Qi OFNB OFry 06S dza$S lFa 2yS . 2NJ T SNR: y2 Yy
1 Use as one if it is increase numbers of one in group without increasing the number of
group, otherwise use it as zero.

AB
0w o1 " 10 AB
00 01 1 10
= 1 1 8 ) h
D 5 l x = 1 )(
O o
= 1 X z| 1 x 1
=4 1 1 = 1 1 X
Fig. a Fig. b

5 2 yc&dare only usedto make the pair quad etc. If all the minterm or maxterm can be
O2@OSNBR o0& YF]1AYy3 LI AN gAGK2dzi dzaAy3d R2y Qi Ol
la aK2gy Ay FAIO I YR FAID 0 020KIKIOINSBL IAYAS
available.

Ex:Solve following #nap

AB
L i} L o 1] [\ " 0
2 1 - - - X
S 2| 1 x o 5| 1 1
= : x © ; ! 1
= 1 - X
Fig.a Fig.b
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Solution:

CD
cD

" Fig. a " Fig.b

v I 1.Q b . Q5 v I . Q5
 Fork-mapinFA3® | dza $neReaglskit incddasédhe hutbers of one in group.

{ Fork-mapinfig.bdza S R 2 y @diobedduséls indrease the numbers of group.
Ex Minimize the given Boolean function f(A,B,C, & (0,1,2,6,11,12) + X5,7,8}.

Solution:

AB
oD 00 o 11 10
00| /4 (}— 4
A'E'C'fﬂ/\ ACD
o[ \/ | x
1
X @“AE'ED
R

'
A'CD'

fABCD)£ Q. Q/ Q b '/ Q5Q b 'Q/5Q b . Q/5

Implicants(l): All minterm of kmap are calledmplicants ie. number2 ¥  WY-ma&p isinofhing
but numbers of implecants

Prime Implicant(Pl} Theall the productterm in any reduced expressioof k-map arecalledas
prime Implicant.

Essential prime ImplicandEPI) Prime Implicantvhich ispresentin allreduce expression is
called essential prime Implicant.
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Selective prime Implican¢SP1) The prime implicant rather than Essential prime implicant are
called as selective prime implicant.

Literal: Each occurrence of variable or its complement in expressioalled as literal.

Ex.Find the implicantPI, EPI and literal for f(A,B,(03 & {0,2,45,7} .

Solution:

\1B ’//kQ/Q . Q. Q CUAB
c@ar ™ /L_/ T )
~L‘<1\7@ a2

v I 1'Q/Q b '/ b .QlQ v 1 Q/Q b '/ b !

Here twoexpressions for output are possible as. shown above.

1. Here number of minterm in-knap is 5.so'number dimplicantsare 5 TKS&S F NB | Q. ¢
FrQ. / Qx 1. @W/Qx ! . [ %

2. Here 4 different reduce combinations are possible so numbepsiofe Implicantsare also
4¢KSaS INB !'Q/Qs . Q> . Q/ Qs '/ o

3. Here two prime Implicants ‘are common in both output expressibri¥ v Q Bsseatidl
prime Implicantst NE H® ¢KSNBE INBS ' Q/ Q FyR !/ &
4. Here total 6 variabler their complimentpresent in both of the expression so number of
literal are 6.
U K-map may have different reduce solution for the given function (In the above
example we having 2 different solutioni)e. kmap solution not necessary to always
unique.

Note:

s With N variable, maximum possible distinct Boolean function da@made are
B with N variable, maximum possible self dual function is

30



GATE THE Direction Boolean Algebra

Problems

1) Howmany self dual Boolean functiomsll possible for 3 variable functions?

A) 16 B) 3 C) 256 D) none
2) Reduce the fmap
AB
DB 1 X 1
Oﬁ 1 X 1
r'o 'b . Q b. QA b . BBHQ! b ©..ODb O5D

3) Simplify the logic expression Y(ABCB)m(0,2,3,6,8,10,14)
o . Q5Q b !'Q. Q/ BO!' QL@ b LQ. Q/ b [/ 5Q
/0 . Q5Q b . Q/ Q5 QD)honéd 5. Q

4! FdzyOlA2y gA0K R2Yy QIABCDEBmMGUYSRANN MYyI5R A | &
+ dc(10) The minimized expression for this function'is
o 11'Q./Qb! ./ bl Q/ 5!V Q56! Q. / Qb! 5b/ 5
/0 Q. / Qb! ./ bl Q/ B)bdnd
5! FdzyOlA2y 6AIK R2Yy QiARC,DBmMOABRANIB AL 150a | &
+ dc(1) The mmimized expression for this function is
o 1'Q. /1 Qb o /bl Q/ 5! Q5b! Q. / Qb! 5b/ 5
/0 Q. / Qbl . / bl Q/ B)bdnéd
6) A fourvariable switching function has minterm®; and mg. If the literals in these
minterms are.complemented, the corresponding minterm nwersare
A)m; andmg B)mg andme C)myandmg D)mg andmg
7) Simplify.the following Boolean expressions:
f(AB,C)= ABE€ . HQ @/. &/ Q+H/Q.+/ Q. Q/ b ! Q. Q/ QT
A) A B) 1 C)o D) BC
8) In 5 variable kmap how many literals will present in primmplicant form by group of
fourm Q a
Al B) 2 C)3 D) 4
9) The output of logic circuit is HIGHly whenA and B both are low andCand D both are
high. Then output logic function is
0 o! . 0Qb/ 50 6! . 0Q/BUVL oO0! Q. QUBOL50! Q. QU/ 5
10)wSRdzOS G(KS 2320 SELINBaarzy ! .b!l Q. b!.QOb! Q. Q

A) A B) B C) 1 D) 0

11)2 NAGS F2ft26Ay3 2320 SELINBaaAzy Ay Ol y2yac

10 -, Yb- | YVEXY [0 - %b-  BIb- . Q%
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