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E introduction to Logic an,

Implementation with Logic Ga‘:ea

1. Introduction

In digital electronics, some logic functions are used to descri be the |
circuits. The term digital means there is only two possibilities of a signal, Ty, oy
or output of any electronic circuit may be either present or absent. The absence
signal is reffered as logic *0" while presence of signal is reffefcd as logic 1" e
most common voltage level corresponding to logie *1” and logic *0” are 5V gpg P

respectively. The logic ‘I and logic *0° are also known as *HIGH” and ‘[ gy

‘TRUE’ and ‘FALSE". “ON" and ‘OFF’, "YES" and *"NO’ depending “m';

representatin of logic.

A logic function has "n’ number of inputs (where n = 1) with single output, 4|
the inputs are independent to each other and their mutual combination gives
desired output of that logic function. The output of alogic function is unigue andis '
cha.mtcfistics of particular logic function. Any logic function is identified by s |

output with the combinaion of inputs. Mathematically, a logic function can be writier

as, |

Y =f(A,B.C, ..., n) |

Here. Y is the output of logic function and A B C i [

. B.C, .....n are the inputs. As|

dic i ;

mc?::;dc;:t:?alg: $3Cn are in the foi m of either logic *1” or logic ‘0", Her:
Inputs depend upon tive tota] number of inputs. Since each

input has two possibiliti : s
The *n’ is an integer, es. hence the total number of their combination becomes 2"

Example - Explain
system.

Solution : Let
inputs is two, hence ftheir comt;':o ir.|Puts, Here the total number of
let,‘q. and B are the inputs and i, digital clecm{natmns i?ecnmes, 2.11 =92= 4 -N?:rl
logic *0". So, AB becomes 165 each input has either logi¢ i

inthe f;
in the table (1) form as follows, o"“ﬂrm-ﬂ',ﬂl,amd B0 e ki

the logic combinationg for two and three inputs logk

us take the sysem with
total num|

aroduction o glaand Implementagiqy, with

i Logic
Table 1 ¢ Possible number of combinagion o 115
5 "

(a]: (b) (© )
Ng:—w, for the system with three inputs. The tota| netiber of combinations becames,
gn=2°=8. The inputs are taken as A, B and C and ABC is in the either form of 000,
001, 010, 011, 100, 101, 110-and 111. This can be summerized in the table (2) in

following way, (*LOW = L ; HIGH = H)
Table 2 : Combinations with three inputs
5.No. AlB|C AlBJcC] [aTs]cC]
L 0jo|o| |ore|oFF|oFF| [L]LTL]
2. 0|0|1| |[OFF|OFF
3. 0|1|0| |OFF|ON
4. o[1]1]| [oFF[oN|oON]|
5. |~ [1]0]o]"[on]|oFF
6. 1]o|1 ON | OFF
7. 1{1]0 ON | ON OFFl.
8. 1]1]1| [oN[oN[ON]|
(@) (b) (©

Note : Ifn is 4 than total number of combinations becomes, 2" = 24 =16. The
ABC and D are taken as inputs and their combinations are as follows &
i a - fer as 1
(i) A — 1 to & refer as *0" and 9-16 re
07, 5-8 and 13-16 refer as 1

i) B— 1 104 and 9 to 12 refer as 0‘58m‘1 : 3

Eﬂ% C—1.2:5.6:9, 10and 13,14 refer as logic (3 ,‘Allﬂleren'lammgnumbers
3.4.7 8 11, 12,15 and 16 arc referas logic 1. 4

(iv) D‘ —.> { 3, 5 15 ae refer as logic ‘07, All the remaining numbers, 2, 4,
6..... .. 16 are refer as logic ‘1.

2. Logic Fundamentals

To understand the logic fundame?
of emf (E) is connected in Series wi

L

ntals let us start with key-bulb syslem.Ah_anery
th a bulb (B) and a key (K) as shown in fig.
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(3.1). Now let us suppose
above two stalements are cerl
and the bulb is also OK (Not fused).

ing and batery works properly. Thyy,

the bulb is glow o
ble when key is in ON State

wain. But this only possi

If battery works properly. than Bulb glows only if key is ON and bulb is Ok
Here. brightnes (glow) of bulb is‘takcn as +E_
output and it depends upon status of key and —
condition of bulb, so these are taken as inputs. B
Henee inputs are conditional they have two y

posibilities either key is ON or OFF and bulb is

OK or fused. these may be taken as logic ‘1" and K

logic 0" respectively. Finally. the output ol key bulb

system is decided by the combinations of the inputs.

Conclusion of above example can summerized as,
Table 3 : Truth table for key bulb system

Fig. (3.1) : Key bulb
system

Is bulb QK 7 [ Status of key | Is bulb glow 7
YES ON YES
h YES OFF NO
) NO OFF NO
NO ON NO

Hence, logics are either True (1) or False (0) and any other possibilities is not
acceptable in digital electronics.

3. Logic Gates

_A Jog_ic gate is a device that means it has the ability to take decisions on the basis
qf given input combinations. Logic gates are the basics of digital electronics. A IC
(zr!tegrated circuits) has large number of logic gates depending upon its scale i.e.
LSI (Large Scale Integrated Circuits), MSI (Medium Scale IC) or even in VLSI
‘(Ver)-' La:ge.ScaIc ]{;), Different types of logical operations can be performed by
;ntqmonncction of different logic gates, such a interconnection is known as logic

esign.
_ The different types of gates are known as logic circuits due to their analysis
with boolean algebra.

In 1854, Geqrg_e Boole a mathematician invented a symbolic logic known as
z:‘?m?ﬂlf'!g“ti'm-b”i':;s very useful method to solve various logical expressions. He

¢ in his algebra that every input variabl i -
LOW, TRUE or FALSE. P iable has cither of two values : HIGH or

Before, 1938, there no practical use of eeo

e Boole®
was the first person who used Boole’ wagl'-k ;ftclgo f],e Swm}F. '['E3:: Cia.rude_ShnnM
this, it is used to apply in various clectroge ctan phone switching circuits, After
nic circuits of computers and other devices.

ducﬁ on to Logic and Impleme Nation wiy, L
1]
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‘cor fundamental gate- A civon-
i A Circuijy having ONE or more th
& e than one inputs

pa i

g output is called gate. 3

'ﬂ"SnIc Lo  gith Eee- All the pates ape pyyg ore o 10"

W s and outputs are either HIGH or [ oy O state circuits because all the

iﬂP”;T_Erc are three types of basic gates 44 E;;;juc_s_ in digital form,
) [nverters -::r.the ‘NOT® Gate Ows,
7) All or Nothing gate or the ‘AN Gatr
3) Any of all gate or the ‘OR’ Gate
0 [overters or the ‘NOT’ Gate
term inverter means any stage of inpyt ; i -

T'e te has only one input and flso h:]\?euc;:];(;?;c::&::m\]T‘,é‘_’l',“?li“‘_‘-‘“‘- A
jod a inverter: It input of NOT gate is in the form of 'ﬂ'lt;! it - i

oflogic “1". the logic function can be written as an output is in the
[fAis the input, then, ’

Y=A
=A
=NOTA m
and logic symbol, for NOT gate is,

Ao >o- Y=A

Truth table for ‘NOT" gate is given by,

AlY x| = Al Y
0|1|_|[row |[HIGH|_[ON |OFF
1|0| |HIGH|LOW | |OFF|ON

The electronic circuit of “NOT’ or inverter gate can be realized by using a
mnsistor and resister as (Resister-Transistor Logic RTL) as shown in fig. (3.2).
+5V (Vo)

rter cireuit

Fig. 3.2 : The transistor inve
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(a) Logic Operation :

The input of inverter is either 0 V or + 5V at the |L'l“1i““|“'\ a5 shown in ﬁglure
3.In case of 0 V of input : A =0 V. the transistor T is in cut ofl region and therefiop,
it remains in OFF state. As a result no current flows through resistance Rz angd
consequents no voltage drop across R,. This combination keeps the output '{in 5
5V, since + 5V is supplied already in the circuit. On the other hand the input is in the

form of +3V or ON state, the transistor T goes Input, A | Output, y
into saturation region or T s in ON state. As result —ov | 5V
current passes through resistance R, and entire

voltage drops across R, and the corresponding 5V ov

output Y in the case becomes 0 V. The truth table
of entire operation is.
(b) Time Diagram
Let a input A is applied to a NOT gate. The waveform of A is HIGH and LOW
for a particular time period.

H]GH[— ------------ +5V
BIOW e Lo M oV

@
fiCE s N ERF SRR
Y ’
) T (SR ey (S S %
(b)

Fig. 3.3 : Time diagram of NOT gate (a) Input (b) Output -

The output of NOT Gate is the inverter complement of A, so, during the time t,
Ais HIGH or + 5V, s0 Y is low or 0V during the same time interval t;, Again, In the
interval t, A is low or OV, so Y becomes HIGH or + 5V and so on.

(2) All or Nothing/ The AND Gate

The *‘AND’ Gate is also a fundamental gate. The single output of ‘AND’ gate -

may obtained by two or more inputs. The minimum number of inputs to perform a
*AND’ operation is two. For two inputs A and B are either in *1” state or in *0” state.
The output Y is the function of their combination given by,

Y =f(A,B)
Y =AB
=AB

The symbol dot (.) between input notation is used to exhibit it mathematically.

The output Y is in the 0’ state if both A and B are in ‘0’ state. The logic state of
Y is "0 even one of the input is in ‘0’ state. But, when both the A and B are in logic
“1” state, then only the output of ‘“AND’ gate becomes logic “1° state.

on to Logic and 'm”'e“‘mnhu
on

e it
- CAND’ gate is also knowy, 5o s h Logje Gateg
[’ gate is ilartoa tevice whe, Al g “Nothing 119

"Fl::s jtsinputs are in logic state " OUPU gives oy, E4 Decause the outpur
o Y = ra oy PUS the g o & iand only if
{A.B,c, © Oulput is define as,
=& Bip . N

Y =ABC..

c
This reads as ¥ €quals to A dot B goy ¢ g,
The logical symbol used for ‘ANDy: gateis, OrAandBand Cang ..

A
B Y=A.B

(a)

(b)
Fig. 3.4 (a) Logic symbol for ‘AND’ gate with two input and
(b) ‘AND’ gate with n inputs

A B

1]
+ -

Fig. 3.5 : Two variable switching circuits
The “Truth Table’ for ‘AND’ gate is given by,
Table 4 : Truth Table for ‘AND’ gate with two inputs

[ Input | Output | [ Input | Output
A| B Y Al B Y
0 0 LT L L
0| 1 0 L B IE
1 0 0 “|lH|L
1 1 1 H|H H
while H stands for HIGH

ﬂnqg% L stans for LOW corresponds to logic state *0"
Ponds to logic state °1".
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Table 5 : Truth table for *AND’ ga_u- Tllt_i_llmc 'P""_‘f'__'__ “
"T_"?ut;ﬂ _ inpui_“—‘!—_(}tu_t_!?u[ _.!
|l alBlel * | [A]B][E Y
[0]0]o0 | o© R L.
fo 0|1 0 L|L|H I
01]0 0 L |HI|L L
011 0 L|H|H L
1|0|0 0 _ | B L |E L
101 o [®|H|L|H L
1110 0 H|H|L I
1111 1 H|H|H H

Characteristcs of AND gate

(1) The output of AND gate is logic *1" only if all the inputs are logic *1°.

(2) Ifany one or more inputs are logic *0” the output will be logic ‘0",

(a) Circuit Realization of ‘AND" Gate

The electronic output of *AND’ gate may obtained by using one of the following
circuit combinations.

(1) Diode-Resistor Logic (DL)

(2) Resistor-Transistor Logic (RTL)

The inputs A and B to the gate is taken either 0V or + 5V in their the combinations.

(1) Diode Resistor Logic (DL) : For DL operation the switching properties
of diode are used. )

As we know any diode has taken in “ON’ state only when it is forward biased.
(Positive terminal of diode is connected with positive end and negative terminal of
diode is connected with negative end). Similarly, A diode may regarded as ‘OFF
state, when it is in reverse biased. (Negative terminal of diode is connected with
positive end and positive terminal of diode is connected with negative end).

*SVPEFN N:IP

+5V
*ON’ State or ‘OFF” State or diode
diode conducts

not to conduct

The above property of diode is used to perform the logic gate output.

Hence, two input diode “AND* gate is shown in fig. (3.6).

When both the inputs A and B are + 5V than both diodes D, and D, are it
reverse bias and both of them regarded s “OFF" state. In such a ::agc nazcurrcﬂ'
flows through the resistance, R and therefore no voltage drops across resistance, B
It gives the output Y as +5V, that means logically stac “1°, In remaining three cas®

lr‘_.,‘:mclion to Logic and Imple’”ﬂﬂtaliq
n UR"™

i ith
=0V B -5V inA Logic Gates 121
:() OV (i) A - 0V '

p5viB
~p V. Dy isin “ON’ state
:ndl)2 is ‘OFF” ?hm:uﬁel‘ij.
a s ‘ON" in case (iii), the
cn!tifc voltage drops across
sistance R and therefore
e output Y becomes 0 V.
practicaly 0V means the
woltage near to 0 V. Truth
yable will be:

Fig. 3.6 : The two input DL *AND" gate

R

A=+5Vo——(Bh—4—o0
D,

B=+ 5Vo—@——-
D,

(2) Both the inputs of HIGH

B=+5y

A=Qvy
i D,
D,

—0 +5V

oY A=0V i——if}ll——

() Input A is LOW and B is HIGH

3.7: A- 2-Input ‘AND’ gate (Encrid

Inputs Output |
B Y
ov ov
SV ov
[1AY ov
5V 5V
—0 +5V

(b) Input A is HIGH and B is LOW

—Q +5V
E R

—0O Y

Bsuvi’_ﬂ:—'

(d) Both the inputs at LOW

f

ed diode shows the reverse bias state)
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(2) Resistor-Transistor Logic (RTL) : For RTL uplc|-;|‘:_|f)n Itlc _E*WilChinE
properties of a transistor are used. As we know that any transistor i Oh{‘ Sla
may regarded logically * 1" state and *OFF stac may r-;galrduit.l iugl-:l.xlly ‘0 Stalg,
The '({N‘ state of the transistor occurs when it is llll salumtm!] region (HDIM
junctions BC and BE of transistor are in ﬂ‘unvalrcz_j biased), wh|qu the *OFf* oy
occurs when it is in cut-ofT region (both the junctions BC and BE of transisgy arg
ieverse biased) as shown in fig. (3.8).

Elementary ph“"-‘:a

i
o C
Q_d'ic‘ Q_,Q‘
B
.
"B{" E

Saturation or 'ON' state Cut off or 'OFF' state

Fig. 3.8 : Switching properties of transistor
The above properties of transistor is used to perform the logic gate output,
Here. two inputs Resistor-Trasistor Logic AND gate is shown in fig. (3.9),

® 4+ 5y

‘ F GND
Fig. 3.9 : The two input RTL ‘AND° G:te

A 1 .
gain, here the inputs A anl:! B are cicther 0 v or 4 5y The logic state ‘0’
1" means near to +5v;

iroduction 12 L0016 and Implementapigy, . Logic G

/’m% voltage of T o 123

o drive RSy 315 Unahle, therefore T — ——
OFF stale. As a result no oy flows © 13 remains in cut off region

¥ jiage drops across = consequently the f:ul r?':f: resistor R” and therefore no

Vo i st PULY e T

Jogi¢ stalf.]j ]-Owit;&nr!h;.;\unmnmg three cases uhc:[:’rir;ci 5 S\f."é_'s m;aif?i;';

-+5¥;B= a iVJA=0V.p- W both ¢ ) A=0V; B=+

S ‘“OFF” stq 3 he ransisors T, and T., are in cut-

off region nr. :fl)I I _“j"“- II'.[:ce.. the transistor T in satuation l}r ‘ON:‘! me

result voltage drops across R (Collector Resigtage of T;). So the output Y becoms

y = OV (Itis treated as logic “07), 3 pu

The truth table of RTL *AND" sate i sim

gate.
(b) Time diagram

lar to the truth table of DL *AND’

Let two inputs ‘\'a“d B are applied to a * AND" gate. The waveforms of A & B
are shown in figure. They are *HIGH or "LOW" for particular time period.

HIGH_-':"'--[_‘-_'___l__"F"__ +5V
1 ]
LT et -
N i T B e e e
T T T N S S
Tlg i L
]
LOW ==t -=-—F-=-k-== oV
H - | 1 1 ;
Y (O . i
1 Uperndleoo --=- &5
output HIGH ---r---r :- ‘ v
Yn 1 ! !
LOW. ~=~——— i ¥
| ! d : '

et e tet
Fig. 3.10 : Time diagram of AND gate _ o

In the time interval 1. Both the inputs A & B are Low , 50 the1rlcm:lgrlnax;1c;r;] ::l
AND gate gives, Low output. Again in the time interval i, A15 L‘f“ an [lsfm It
& the AND output for this combination gives Low output. Simi ar rESltls sl
time interval t, here A is HIGH and B is Low. But when hatr the 1;5: pecx
"HIGH" in the time interval t, the output of Y of AND %au‘atlx mﬂz:'r:l) LN ANIj

¢ schematic representation of time diagram (time - voltage be

gate is shown in figure Fig. (3.10). .

(3) Any or ;\lfgatgﬂ'he OR Gate : Third 3ndt:f.s‘1 g;;;ﬁ;nﬁra:;zil ia;i :
the OR gate. The single output of ‘OR” gae MY CXIE ¥ L OR’ operations is
Like ‘AND gate, the minimum aumber of inputs to pe
two,

i inati inputs e A&
The ou ¥ is the functions of the combination of
tput Y. of “OR’ gate is th
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B. and it is given by.
Y =f(A.B)
Yy=A+B
Mathematicaly, the symbaol plus *+” between input noation is used to exhibj ﬁn
*OR’ gate.
The output Y is the *0” state if both A and B are in *0” state. The logic state ofy
is then "0, Wlien any input signal is in *1” state, then output _of the *OR’ gate become
“I". obviousely. both A & B are in *I' state give the output in *I” state.
The *OR” galte is also known as *Any” or "All" gate, because the output of *OR:
gate is similar to a device whose output is ‘1" even if one of its inputs is 1. For Many
inputs the output is defined as.
Y =f(A, B, C, .....n)
Y=A+B+C+...
This reads as Y equals to Aplus Bplus C .....orAorBorCor.....
The logical symbol used for *OR’ gate is as follows :

Y=A+B
Symbol for two input 'OR’ operation

A
B Y=A+B+C+ ...
o 'OR' gate with ‘n’ input

A

=
Equivalent 2-input OR gate

uction to Logic ang Im
nll'od prame“tﬂﬁﬂn wi
ith Logic Gates

I
T Table 6 Truy gy e O Gates g
€ 0T OR Gate With two inputs
Inputs | Outpyy v o
_ [nplit Dutput—i
'—-_"!—‘—-—._.___'
A| B Y AT R
0fo] 71 & [dF Ee
A A B |[ [T 0 —
; | | H H |
: ? : . H| I H |
H|H H |
Table 7 : Truth table with three inputs
Inputs Output Inputs Output
A|lB]|C Y AlB|C] ¥
0] 00 0 LILIL | ©
ol o]l 1 LILIH| H
0|1]o 1 L|H|L H
0.1 {1 1 L|H|H H
1]0 (o0 1 H|L|L H
1 0 |1 1 "|H| L |H H
1|1 fo 1 HiHIL] H
1 {1 1 1 H{H|H | H

Characterstic of OR gate

(1) The output of an OR gate is logic ‘0" only when inputs are logic *0°

(2) The output an OR gate is logic *I’, when any one or more inputs are logic °1'.
() Circuit realization of OR gate Y

Similar to *AND’ gate, the electronic output of "OR’ gate may obtained by
using one of the following two circuits combinations.

(1) Diode Resistor Logic (DL)

(2) Resistor-Transsistor Logic (RTL) .

Here, also, the inputs A and B to the *OR’ gate is taken :nth-l:r 0}.-’ (nearly equal
WOVyor+5V (Nearly equals to +5V) in their different combinations.

(1) Diode Resistor Logic (DL) : The logic operations of "OR" gate is
accomplished by using resistors and diodes. Some standard values of resistor &
diode is choosed such that they are able to perform the operation. In this logic, the
s“'itching properties of diode are used as dissiused earlier. It is summetrized as
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R — TVlty
iZB I B = ——
(Bias lCnrrcnt _—J}lt_atc

:: Diodein | Current passes | ON

forward bias | through it
1

| No current
| reverse bias | passes through
| it

,:_Dio(_iu.; in

OFF

Hence. the two-input *OR” gate is shown in fig. (3.11).

Ao—PH—1+—0Y
D,

BO———¢

D, :
.
< GND

Fig. 3.11 : OR gate with DL

There are four combination of A and B i.e.

i) A=0V: B=0V

(i) A=+0V:B=+5V

(i) A=+5V:B=0V

((VA=+5V:B=+5V

In the first combination when both A =0 V and B =
D, are reverse biased and they do not conduct & no cu

0V, both the diodes D &
rrent flow through them, as

aresultno current passes through R & hence no voltage drops across R. Consequently,

the ouput Y becomes 0V (Y = ov).

In either of remaining three cases atleast one

diode (D, or D) or both the

R
r GND
(a) Both the inputs Low (c) Input A is LOw and B is HIGH

A= +5vo——p|-_.[_o Y A=ssy

D, > $ D, e

B’“‘V! B=+5Vo—{4—¢
= D,

=R B 1
¥ GND ¥ GND
(b) Input A is HIGH and B is LOW (d) Both the inputs at HIGH
Fig. 3.12 : A 2-Input ‘OR’ gate (Encircuited diodes shows Reverse bias
state)
(2) Resistor-Transistor Logic (RTL)

In RTL operation, the *OR’ gate output can be understood on the basis of the
switching properties of Transistor. Again, the values of resistance and transistor
(transistion parameter) are choosen such that they performed as desired operation,
The switching properties of transistor can be summerized as,

diodes D, & D, are in forward biased and conducts repectively. As a result
correponding diode goes into ON state or acts as short circuit and, therefore the

output Y becomes + 5V (Y =+§ V)
The truth table or ‘OR? operation will be,

Bias Base status Status
Both the
junctions CB
andBRof | EnPUER ON
: % vc—Itage to (Sah]mhﬂ‘ﬂ]
transistor are drive base
in forward
bias
Availab!e OFF
CBand BE are | voltageisnot | o, ¢
in reverse bias | enough to
drive base

Now, the Two-input Resistance- Transistor OR gate is shown in fig. (3.13).



/
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l GND

Fig. 3.13 : Two-Input RTL ‘OR’ gate
For RTL *OR” gate, these are four combinations of A and B are possible.
() A=0V;B=0V (i)A=0V;B=+5V '
(ii)A=+5V;B=0V (iA=+5V;B=+3V _
In the first combination, when both A and B are at 0 V, then transistor T, and T,
have not enough voltage to drive or they lies in cut-offregion. As aresult T and T,
are “OFF” state. In this case transistor T; gets enough voltage through R, to drive its
base, therefore T will turn into saturation region and will be in ON state. Hence, the
output at Y becomes 0 V, (Y = 0V). This is because + 5V is already maintained
above R, at point Q.
In cither of remaining three cases, the corresponding transistor T, or T or both
Ty and T, are in “ON” state and therefore the voltage at the collection end of T or
T is 0V, this is b_ecaflse point P is already maintained at + 5V through R,.Asa
result, these combinations does not provide sufficient voltage to drive the base of
transistor T;. Hence transistor T; remains in cut-off region or T is said to be ‘OFF’
in rest of three cases. Consequently the output at Y becomes + 5V (Y = + 5V). This
is because + 5V is already maintained at point Q.
The truth table of RTL ‘OR” gate is similar to the truth table of DL *OR’ gate
(b) Time diagram
Let two inputs A and B are applied to a *OR’

s B ; B
are given in fig. (3.14). They are HIGH or LOW At e

for a particular time period.

10
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HIGH ==~po____
, e
2 o ; +5V
[ LOW ! i )
P i 1§ T
HIGH -«-to_ 4 1 1
U - | 5
rlp l o
LOW -=-- S N~
a ., : : 1 ,| | "
. HIGH -=~boocb 1} |
T 4% IF == 45V
]_, I
u LOW --- !
: OW == e Fe==i=-= 0V

I I
ChSetetet

Fig. 3.14 : Time diagram for OR gate

In the time interval t; both the inputs A and B are LOW, so their combination to
OR gate gives LOW output. Again, intime interval t,. A is LOW and B is HIGH, the
‘OR’ output for this combination will be HIGH. Similar output will be shown in time
interval t; when A is HIGH and B is LOW. For A and B both are HIGH, the output
of OR gate for such combination will be HIGH as shownn time interval 1.

*(Note : Here + 5V means, it represents the logic state *1” and 0 V means, it
represents the logic state *0°. Any voltage above +3V is also treated as logic '17.

4. The Universal gates

Out of above mentioned gates, the first two, NAND and NOR gates are known

5 universal gate. The term universal is used because any gate can be designed by

using only one type of gate either NAND or NOR gate. It means each oF NAND:
and NOR gate can realize electronic legic circuit singled-halndelly. _The_ NAND

ind *NOR' both the gates are able to p.rform fundamems_ll logic ﬁu}cn‘c-ns i.e. AND,
OR and NOT. Therefore ‘NAND' and ‘NOR’ are universal building blocks of

digital electronics.
NAND Gate

The term *NAND’ means NOT AND, st
i AND gate and a NOT gate. Since a NOT
'S input, hence the output of NAND gate &1
AND gage.

Maathematically, it is defined s,
G y = NOT AND = f(AB)

— NOT (AR

o it is gate that can make by the used of
gate gives the complementry output of
ves the complementary of the output of
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= (AB)
= AB
The operation is completed AND gate followed by NOT galc..
The output of NAND s in *0” state only when all the inpu!s arc‘m_lugic I sty
All the remaing combinations of gives the output as logic “1°. The “ymhnlit'
representation of NAND gate will be.

B

e —

NAND

e
NOT =

—
AND +
or it is also represented by,

A gm———]
3)—.3' = (ABY
Bo—|

Fig. 3.15 : Two input NAND gate
The truth table for NAND gate will be,

Inputs Output Inputs Output
Ao AT
0o 1 o I H
0 1 1 = [T H H
110 1 "H]L H
1 1 0 H| H L

The logical symbo) for three input gates is,

A
BO——— a ;

Forn inputs

Y = (ABC...n)’

n
The truth table for three input NAND gate is,

1

tion to Logic and imple :
:rﬂduc mﬂl!tahon with Logi
0gic Gates

n
g 00 pe 0l G

Inputs m
8 O s e
0 0 (1 1
0 110 1
0 Llix | 1
11010 1
1 R | 1
1 010 1
1l | 0

pubbled OR gate/ Negative OR gate

A negative OR gate is that in which all the inputs are in inverted or complementry
form. The output of a NAND gate is similar to a negative OR gate. negative OR
gate is also known as Bubbled OR gate. As we know that the output of NAND gate
isin logic state ‘1" even if any one of its inputs is in logic state 0" hence, the NAND
gate is also known by an active LOW or gate.

Y=A+B
=A"+B’
Inputs | Complementry |  Output
Inputs
A |B A B’ Y
0 |0 1 1 1
L | 1 0 1
1 |0 0 1 1
1 (1] 0 0 | 0

Froin above truth table we see, when A =0 B = 0 than output becomes °1”.
Also, the output is in logic state “1'forA= 0.; B =1,andA=1;B=0.ButforA=
»B=1, the output Y becomes ‘0. This is similar to a NAND gate.

Here, it is also concluded that,
Y = AB =(AB)* (NAND gate) .
=A+B=A+H (Bubbeled OR/Negative OR gate)
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The bubbled OR gate.

A & 5
::D—' Y= A+B'_ ::>_‘ Y=A4p
B
B B

Here. The NAND gate can also be performed by first inverting the inpws ang
than ORing the inverted inputs.
The NOR Gate
The term NOR means NOT OR, so it is gate that can r]]ﬂke by the use of an
OR gate and a NOT gate. Since a NOT gate gives the output in compfementry from
of its input, hence the output of NOR gate gives the complementry of the output of
OR gate. Mathematically, it is defined as,
Y =NOT OR =f(A, B)
=NOT (A +B)
=(A+B)
=A+B
The operation is completed by an OR gate followed by NOT gate. The output
of NOR is in logic ‘1" state only when all the inputs are in logic “0" state. All the

remaining combinations gives the output as logic *0”. The symbolic representation of
NOR gate will be

A A+B
={A '

I
1l
—
=
+
=

————— —— =
OR gate +* NOT = NOR gate B
gate

The truth table for NOR gate will be,

The truth table for three input NOR gate is

12

Ulrrrs == —=gew iy 'mplemeh i i

____H[nputs m
AT BT
il ] Y
01 oo 1
00|y 0
01 |g 0
01 |q 0
1[0 o 0
1 011 0
111 ]p 0
1|17 0
o el o8

A

B Y = (A+B+Cy Y= (A+B+C...ny

C

three input NOR get

Bubbled AND gate/Negative AND gate

Similar to negative OR gate, the negative AND gate is that in which all the
inputs are in invered or complementry form, The output of a NOR. gate is similar to
anegative AND gate. A negative AND gate is also called Bubbled AND gate. As
we know that the output of NOR gate is in logic state ‘1" only when all the its inputs
are in logic state *0°, hence, the NOR gate is also known by an active-low AND

gate. Mathematycally,

Fig. n-inputs NOR gate

Y=A.B
=A'B
Truth table for negative AND gate
’?puts Complementry Output

Inputs
A|B | A B’ Y
0 [o 1 1 1
0 1vifta 0 0
1 o, |50 1 0
1 il 0 a

From above truth table we see that when A=0; B =0, the . l.acctimes iE
logic State 1°. For all the remaining combinations of Aand Be.g. A=0;B=1,A=
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1:B=0;A=1:B=
Hence, the NOR gate ¢
ANDing the inverted inputs.

“This is similar to a NOR o, )

> is in ogic state "0 . : I
1. the output 1 £ inverting the inputs ang thay,

an also be performed by first

Al

Y=A.B"

o I e
°B Y=A'B *

Fig. 3.16 : The bubbled AND gate

It is concluded from the above expression. that
Y =(A+B)'= A+ B (NOR Gate)
or A'B’= A . B (Bubbled AND Gate)

5. The Exclusive-OR gate/EX-OR Gate

The exclusive-OR gate is also known as ‘EX-OR’ gate or X-OR" gate. Becaugg
of its distinct characteristics. it is widely used in digital devices. It is used for parity
checking. addition of binary numbers, code conversion etc.

The "EX-OR’ gate is a two input with single output. The output of *EX-0R’
gateis in logic *1” state, if one and only one of its two inputs is in logic *1” state. For
remaining two combinations, when both the inputs are in logic ‘0" state or when
both the inputs are in loic *1” state, the output becomes a logic *0” state.

Since we know that the fundamental “OR” gate is also known as ‘Inclusive OR
gate. So if we compare both the “Inclusive-OR’ gate and ‘Exclusive-OR gate. It
can be noticed that either A or A or B both A and B are in logic state *1” the resultant

OR gate outputis in logic state *1°. However, for exclusive-OR gate, either AorB,
but not both, must be in logic stat *1°, the output of ‘EX-OR’ gate becomes logic ‘!’
state. If both A and B are an logic state *1” at the same time the output of ‘EX-OR

will be _in logic state “0°. Due to its special output it is known by anti-coincidence
gate. Itis also called an inequility detector.

Truth Table: 8 : The OR gate and the ‘EX-OR’ gate

B'

]]’lPLIf Ou!'pl.lt Input Ou.lPut

Y

B
0
1
0
1

- oo

A
0
0
1
1

= o= o @
=T~
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yction to Logic ang IMblemenay:
,.f.rﬂd tat
| 10N with Logic g :

¢ ‘EX-OR’ gate is kngyp

: 88 Exolue:
jtion if both the inputs are jp Iugic’fﬂu‘?mﬂk gate

because it excludes the

" state “1” only if exclusively ope ofitg mpa::.s T}l.e 0""'?‘-“ of ‘EX-0R® gate is in
Now, if we denote the inpy variahles A andls i logic | giape,
ot is denoted by Y, then the EXpression for 'E)er:.fhe ‘EX-OR’ gate and the
Y = AEX-OR (it reads a5 Y jg Sl gate can be written as
Y =A®B=A‘Exopp sl
=AB +AB
=AB+AB o
Truth table for logical expression given by equation (1yis
« TE|BTATE
01011
of1]1]o
f1rjojol1
1{1]0

A2

Y=A®B
=(A+B) (AB)
= (A+B) (ABY’
Truth table for logical expression given by equation (2) is,
A|B|(A+B)|AB |(AB)| Y=(A+B)(AB) | Y=A®B
0 0 0] 1 0 0
0j1 1 0| 1 1 1
1|0 1 0] 1 1 1
11 1 1|0 0 0

The symbolic representation of ‘EX-OR’ gate is given by,

A:j:D—OY=A'EB B
B

The ‘EX-OR’ Gate
Malhemtical]y, the summary of EX-OR gate.

Y=A®B
0=0&0
1=081
1=180
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il Logic Gates

6 R yth table for logical eXpression o : —
13 0=1®1 — [ru I n gien h}rcqu“l'ﬂnf]]ii
The characteristics of "EX-OR™ gate are. | N ot
fis . ol o - e than twao) variahle .
- No existance is possible for three or more (more ‘t 1an ‘ X,
I i OR’ gate. If more than two variables arc two be *EX-ORed" a numbey of ol1l11lo
two input "EX-OR’ gates will be used. § lotwla
(2) The ‘EX-OR’ gate is enabled with an odd number of inputs as logic State 1 lwtala
qr , . | |
s ; . ’ i 5 = i
(3) The ‘EX-OR’ gate is disabled by (the output is in logic staie “07) by an evep The ‘EX NOR” gate expression can also be writgen - —
number of inputs as logic state *17. Y=Aepos ek
(4) Thus. the *EX-OR’ gate can be used as an odd-bits checker. i
6. The Exclusive-NOR Gate/“EX-NOR” gate sl
The Exclusive-NOR gate is also known as “Ex-NOR’ gat.-: or ‘X-NOR® gate. | —omenny N
has also distinct characteristics over other logic gates. In digital electronics, the ik N i L

*EX-NOR’ gate is used for comparing the equality of two inputs. An ‘EX-NOR"j;
the combination of an ‘“EX-OR" gate and a NOT gate. So, it is regarded as an ‘EX.
OR’ gate followed by an inverter (NOT gate).

and the truth table is :

The ‘EX-NOR’ gate is also a two input with single output. the output of ‘EX. A|B|A+B|(A+B)|AB|Y=(A+B)+AB|Y=A B \
NOR’ gate is in logic *1" state only when both the inputs are in logic ‘0" state or ojo| 0 1 0 1 T
when both the inputs are in logic “1” state. The output of ‘EX-NOR” gate is inlogic ol1 1 0 0 0 [ o
‘0 state when one of the inputs is in logic *0” state and other is in logic *1" state. The ‘
output of *EX-NOR” gate is in logic ‘1” state when its inputs coincide (ehter both 110 1 0 0 0 0
inputs are in ‘0" state or in ‘1" state), hence, it is also known as coincidence gate. 1r1] 4 0 1 1 L1 ‘

A.!&O’ its output is in logic ‘1" state when its inputs are equal, hence it is an
equality detector. ' The symbolic representation of ‘EX-NOR’ gate is given by:
The truth table for 2-input ‘EX-NOR’ gate is given in Table.
Table 9 : Truth table for 2-onput *EX-NOR’ Al L
; or 2-onpu NOR’ Gate Y=ADB=AoB
nput Output ‘! Input Output
B
Y A _
B ¥ ; = The EX-NOR gate
Iﬂ l‘j{ Ig 'EX-OR'gate  NOT gate
= or,
H|L L
H|H H
Al Y=A0B

Now, if we denote the input variables A {
: and B for the *EX-NOR’ gate and th
output is denol;d by Y, then the expression for ‘EXNOR’ gate can be %\rrillen as B
=A®B (It reads as Y is equ:
(It re equal to A ex-nor B s
=AB+AB ) () Fig, 3.17 : The ‘EX-NOR

.....

14
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Mathematically. the summury of *EX-NOR” Gate 1s.

v-A®B-AGB

I =p@0 =000
0=jg@1 =001
0=7gp =190
1l=7@1=191

Hence. the output of "EX-NOR" gate is the complement of the output of the
‘EX-0R" Gate.
The characteristics of "EX-NOR" gate are, [Parity Checker]

(1) No existance is possible for three or more (more than two) variable ‘EX.
NOR' gate, If more than two variables are to be EX-NORed, a number of

two-input *EX-NOR" gates will be used.

(2) The "EX-NOR’ gate is enabled with even number of inputs as logic state <1,

(3) The "EX-NOR’ gate is disabled by an odd number of inputs as logic state
g

(4) The (2) and (3) characteristics holds vary good of EX-NOR gates with
large number of inputs.

(5) Thus, the "EX-NOR’ gate can be usd for parity checker. If the output of
EX-NOR ' gate is in logic state “1°, that is is said to be even parity, while if

the output is in logic ‘0" state, the parity of function is odd. Tt is shown

schematically in table with three inputs.
Table 10 : Truth table for 3-input ‘EX-NOR’ gate.

Inputs Qutput

Parity

I
|
| Y=A.B.C

EVEN
ODD
ODD
EVEN
ODD
EVEN
EVEN
ODD

'_A e
0 0
0 1
0 0
0 1
1 0
1 1
1 0
1 1

R T

e e T

Y
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« [t should be keep in mi
Note I.t should be n I?"ndthat'}if‘(-mo - 139
ouipt! e Ii}t(:lll'lli :::In.r”:tj“:i variables. py, the * ",XR., -'[)rhyo variable is the inverted
nnot €qu ity ? ©C OUtput of *Ex_oyps of thogg 1 'PU Of three variables
at of ‘EX-NOR” of a number of Varible s¢ threg variables. Also, the

ot ariablec ; 5 15 equal :
of those variables op| . 4ual to the jnyer
.r,,x.OR ¥ if the Number of varighjes is cvi:d output of the

For two variables = AGR = K?é‘g
For three vaiables = AGRGC 4 m@f

A®BaCaD

using only NAND or only NOR

For four variables = AGRBOCa -

7. Synthesis of logic gates by
gates

As we know that the NAND ga[c and NOR gate arc the universal
fundamental logic gate can be realize by using only one of the gate e,
or the NOR. gate,

In this section we will discuss that how any
by using one type of universal gate, ’

Synthesis of logic gates by only,

(1) The NAND gate

(2) The NOR gate
(I) The NAND gate

Any fundamental of output can be obtained by using anumber of NAND gates.
The NOT, AND, OR and NOR ates can be performed by using only NAND gate.
(3) The NOT gate :

Since a NOT gate has single input and single output while a NAND gate base
o inputs and a single output. So both the inputs of NAND gate is in the form of A.

gates. Any
The NAND

particular logic function can perform

Y=AB wB=A
=AA AA=A
=K - AA=A

AAND A=A

V=X (1)

Equation (1) shows the output similar to a NOT gate output. In symbolic
ntation,

Fig. 3.18 : The NOT gate using only NAND gate
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Hence. only one NAND gate is sufficient to perform a NOT gate output,
) Truth Table

[A[ATAA]AA)[A]Y=A

flojo| o 1 1
el | s
(b) The AND gate

Since an AND gate has two inputs with a single output. If the output of ,
NAND gate is the input of an other NAND gate, then the final output the ANp
output of the first NAND inputs.

Y = A'B (Single NAND gate)

=T

= (A.B) (Double NAND gate)

Y =A. B (AND output) wn2)

w AA

Equation (2) Shows the output similar to a AND gate output. In symbolic
representation.

a AB
M=nm )

Fig. 3.19 : The AND gate using only NAND gate

Hence atleast two (Mininim two) NAND gates are required to perform a AND
gate output.

A|B|AB|AB|AB|Y=AB
ofofo] 10 0
0f1]0 1|0 0
1fofo|[1|0]| o
[1{1] 1|01 1

(c) The OR Gate
Similar to AND gate, an OR gate has two inputs with single output. For OR
operation, first the inputs A and B are made in the inverted forms by using NAND
gate .and this mvened_ outputs are the inputs for another NAND gate. So, the output
of this NAND gate gives the output Eiln_ilar to an OR gate. Mathematically,
Y=AB

+B

>

16
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Y= A+ B 141
Fquuti““ (3) shows the output similar 1 2 OR gae, wen(d)
I;l 5)fmbul'u: representation,

|r|""d

T
=1}
]
LS
+
=]

Fig. 3.20 : The OR operation by using only NAND gains
Hence, atleast three (minimum three) NAND Bates are required 1o perform a

OR gate output.
Truth table for this operation will be,
A|B|A|B|AB|AB|v=A+8
of0j1 1] 1 0 0
Of1]1|0] 0 1 Tk
1(0(0)1] 0 1 1
1({1]0)0] 0 1 1

(1) The NOR Gate

Similar to NAND gate, any fundamental logic output can be obtained by using a
number of NOR gates. The NOT, AND and OR gale, can be performed by using
only NOR gate, &

(8) The NOT gate _

Ifboth the inputs of a NOR gate is in the same form i.c. A then the output of
NOR gate is the complementry of the input, which is a NOT gate operation.

—— A=B
Mathematically, Y =378
S ~A+A=A
& é‘H‘ AORA=A
Y=A )
Insymbolic representation,
A Gt
A

t
Fiﬁ. 391 < 1';: NOT gate using only N::T?a; e
ence, only one NOR gate is sufficient to perform 3



Elementary Ph‘h‘!iica
142 ) DO i by
Truth table

TATATA+A[A+A[Y=A
AlA] | ot i.__
0

(o]0 | o [ 1
[afa} a 0|
{b) The AND gate o . |
If both the inputs of a NOR gate is taken inthis mvcrlcfl form by using NOR
gate. then the output of NOR gate is similar to the output of a AND gate,

Y=A4+B
=A.B
Y =A.B (AND output) wnl(2)

Equation shows the output similar to a AND gate output,
In svmbolic representation,
; A
A

Y=A+B
B =A.B

Fig. 3.22 : The AND gate using only NOR gate

Hence, atleast (mininum} three NOR gates are required to resform a AND gate
output.

Truth Table ,

>|
i
=
=
i
(=]

(c) The OR Gate

Ifoutput of a two input NOR
of second NOR gate is similar (
NOR gate.

Mathematically,

gateis the input of other NOR gate than the output
0 the output of OR gate, with two inputs of first

—_—
Y = A+B

=l
I
>

17

E’J' In boolean algebra usually

g =
. : : =13} (O
Equation (3) shows the guyp, Similar 1o,y s Bale outpur)
rcprcsgnlall(}n- Output of OR gate, In symbolic
A+B
Y=A+B
=A+B

Hence, atle
Truth Table

Output of various gates with two inputs,

Input Output of _‘

A AND| OR | NAND|NOR | EXOR| EXNOR

00 0 1 1 0 1 L
01 0 1 1 0 1 0 Tutput | Cutput
1|0 0 1 0 1 0 |[ o 1
1)1 1 1 0 0| o 1 I 0
— - |

A.B|A+B|A B |A+B|A®B| AGB A A |

8. Boolean Aigebra

Boolean algebra deals with two valued system. In a logic system there are only
W possibilities as logic state *1” or logic state *0". Moreover we can say Iha‘;}ﬂ\':f
%8iC in the form of *YES’ or No. True or False ON or OFF and HIGH o: L'am.;
- *Wever an ordinary algebra deals with multi valued systemi:lat m;ﬂ;nwan_ll: inir]ludes
S ope ol e R, 5 L
¢ty of operationsi.c. Add.ltll?: {:}3';“] :;:mol - acsd fi e OR opeation and <

fboth the operation is again in
1is used for AND operation. But the output of both |
form of cithe?ll-ogic state 17 or 0" It matches with ordinary algebra only upto a
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certain extent. There is no significance of any numerical values of a variab)e i
boolean algebra.

If Y, =A

Y,=A ‘

Then in ordinary algebra (y, +v,) gives the value 2A, whilc' in l}lnmlczm al gt;_h."“
it gives the value A due to ORed eperaliun, In the same way g, I ﬁr:} = A in
ordinary algebra, while in boolean algebra A~ does not have any mca_n‘mg lr. e:d operatiop
¥, ¥, gives A. The difference on ordinary and boolean algebra is only due tg 1,

choice of A, since A represent only the logical status of the variable it is either * 1 o,
0.

Apart from above dissimilarities, there characteristics of boolean Algebra g,
as follows :

(1) Inboolean algebra, the variable has either ‘I' or ‘0° logic state.

(2) No existence of any numerical number, i.e. 2, 3, 4.

(3) No existence of any negative value, i.e. -2, -3, -4,

(4) No existence of any fractional value, i.e 1.5, 2.6,3.7.

(5) No existence of substraction and division operation (-, +)

(6) Multiplication and Addition of variable has also logical state *0” or °1°,
(7) Addition means AND operation of variables.

(8) Multiplication means OR operation of variables.

(9) A truth table can made and varified for boolean expression.

(10) If a variable is defined by log
VieA=lorA=0.

(11) I a variable is defined by logic state *0°
TieA=0orA#1.

(12) A function is a perfect induction of logical expression.
Now,

ic state ‘1” that means it never be in logic state

that means, it never be logic state

Is there any relationship between logic system and mathematics?
This question has 1o answers for the long period of several decades. It was
George Boole, who tried to overcome this problem in 1854, but again since its impact

Algebra come into picty i ra for switching circuits. Thereafter Boolean
; nto picture an nowadays one can casily fee] : i
is used o analyze and design the, Y feel how important it is

(1) Digital integrated circuits,
(2) Computer circuits
(3) Combinational circyjt
\ 4) Mu]tiplcx;ralld demultiplexer

18
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() Encoder and decoder
-or electronic circuits, the vy,
ore 3 e leve] + 5y '
v iES defined as logic state 0, Howeyer the Vohl: de{f}i ned as logical state *1° while
. ceffers as 10BIC Stale “0 while Dy g 5y, reﬂegr:d ::lﬂ,a‘? andthe level 010 0.8
) pasic operations- Since, gic state °1°,

in Boolean alge g
; : ; 2ebra we i e
oflagical. state i.e. logic state 0 gr logic state Ihewm kit L

Sw“':hi“g roeriss c.:f'a ?\'fitch e el se logical states are similar to
.. also known as switching algebrg, |
:'fm Jdamental operations, The *ANDy ¢,
gperation s‘md be rcprcsunl_ed_b_v putting the symbyg| *.
qariables. The other one is “OR" operation, it is p

ration and be represented by putting the symho -
variables. The last basic operation is the
equivalent toa NOT gate operation. Itis the
A literal is a variable or its compleme

Peration can perform

erformed by simply OR gate
+" (plus) between two or more
‘NOT" operation, in the someway it is

complementary or inverted of a variable.
nt.

Some other operations that are derived from the
are, the ‘NAND” operation, the NOR operation, the
EX-NOR operation. All the basic operations can su

above three basic operations
‘Ex -OR’ operation and the
mmerized in the following way :

A|B|AB|A+B|AB[A-B[A®B|AeB|
olo| o 01!150|1;
plul el sl m L w o
1{0| 0| 1 1!u|1‘l1‘
111 ] 1 |oflo | o |1

and the ‘NOT* operati;:m

Note : The boolean algr.ora is very useful for digital systems because

the electric circuits can performzd by above basic‘uperanons'. e
Duality principle: Duality principle is very importse ' 5 algcbr: than a

esure that any theorem is proved on basic '.’mfﬁ.mes:] with “+ (plus) sign and

Qual theorem can be obtained by interchanging - (9) t in boolean algebra and

Variable state *0° with *1°. The new theorem is also exis

¥Ie is no need to prove it separately. .

The interchanging of dot with plus and varia

*ate in known as duality principle-

ble state with its complement
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9. Boolean Theorems :

(i complement).
The boolean theorems are basically some postulates that are the fundy

2 o aMenty) Also,
logic operations. So it i possible to prove every theorem by taking all possib|e case
Some of the theorems are based on duality principle. Any logical ex

Pression capp {f this input wfnab_le‘A 15 °1, then the B bt i
minimized by using these theorems and also expressed in mathematical €quatiop, | yals 10 A- Ngw, ifA 50", the OUtpUL vy, <l .03: el Y 15 *1” which is again
is easy to solve any complicated expression by using the certain rules, lawg an; ftis illustrated in figure in whicp, lower inpy * U, which is also equals to A,
theorems of boolean algebra.

is fixed at *("

v - . . A= 1 A= 1

Apart from the basic boolean operation, there are certain laws ie. Y=1 g
(i) The commutative law for addition and multiplication

(&) The associative law for addition and multiplication. 0 0

(ii) The distributive law.

Hence, | Y=A+0=A
These are the same as in conventional algebra, All the theorems, Jaws are
acceptonly in their original form without any proof. Rule 2
) (1) Boolean Addition postulates- As discussed earlier, that the boolean additipy " . " '
15 equivalent to the "OR" operation. The basic postulates are illustrated wit their Any variable or its complement ORed with *| js always equals to 1. Hence the
relation to the OR gate. output is independent on the logical status of the variable. If the input variable is
0+0 = ¢ 0+#1 = 1 ¢cither “0° or °1” ORed with 1" always gives *1°. It s illustrated in fig. in which lower
input is fixed at *1°,
also, [ A+1=A
Postulate 1 : Postulate 2 :
A =1 A= 0 Y = 1
Y=1
1+0 = 1 141 = 1

-y
-

Y=A+1=1
Postulate 3 -

e Rule 3, -A +A=A _
Any variable ORed with itself is always v:qualls o that of s:anabl:e. \\;I_me]? :o E
A sumterm (addition) iali mean ‘0", then 0+ 0 =0 and when A= 1, then 1 + 1 = 1, Itisillustrated in fig. in whic
Ammiter s pmduce';ni),;mui ins the sum nf_]il.crals (variable or its complement). the inputs are the same variable.
R s & an “OR’ operation without using any AND operation. i.e. .
i ? * +C,A+E+C+‘ i ] E =
if one or more of the literals i the termD €1¢. A addition or sum term is equals to ‘]
are (),

are 1" and it is equal 1 only ifall the literals

A=1: i
¥Y=1
Y=0 A=1
A=
Y=1
: y=o[Y=ArA=A] yzr ) >
Rule1: |A+0=2 A=D

Also, | A+A=A

Y

Addition ryje [OR?

19



r0dUCHON 10 LOgIC ang Implep,
Elementary phy, s lication ryle (¢ Mation wity Logic Gate
148 oy Multipli : ule [*ANY Fules] N 149
: ) rules
= The four AND rules o ANy s
A =1 35 fol | gye .
Rule 4. E1 _'} -___h Ru[e 5. I_TT:_D—] “"0\\5 .
Any variable ORed with its complement is always equals to *I', Whep Alis v L
wil henA=1.then 14T =1+0=LItisillustrateq;, Any variable (or its cOmplement) ANy
i L\ s W ' SN the input Of an AND gate j oy - Ded with sy equalsto ‘0. If one
in which one input is the complement of the other. gfd i denton the logical Slats (:ll'lh: € Oulipyt i - ' In 'xu;;h p caslc . m.npm %
inde £ . vari R : d Cas =
Gt e llt‘w lower input s fixed at *( table. It Mlustrated in the figure in which
A=1
Y=1 ¥=q 0 A=q
A=1 A=0

-

0 ] D

=0
Y= A 0= 0

Hence, the postulated of boolean addition can be summerized as : Rule 6:

Postulate L © 0 + 0 = o Any '-'ariab‘eﬂl"_nfd With *1is always equals to that of ariable. If A is ‘0", the

Postulate 2 0+ 1 = 1 output of AND gate is 0. HA*P» then the output of AND gale is ' In this case

Postulate 301+ 0 = bomu;e:n?utsaremloglcal state "1 Ttis illustrated ip figure inwhich lower inputis

Postulate 4 1 + 1 = fixedat “1°.

The addition rules or ‘OR” rules or OR laws can be summerized as = .?:‘___13__, A= 1:‘:>__c

Rule | A + 0 = 4 Y=0 1 Y=0

Rule 3 A+ A = A '

Ried: A 4+ F = | Rule7:[A . A=A]

2. Boolean multiplication postulates- As discussed earlier tha the boolean Any variable ANDed with itselfis always equal to that of\'a._rinlflc._ Whe_n Ais 0,
multiplication is cquivalent to the * AND’ operation. The basic postulates are illustrated 0.0=0andwhenAisl,then 1.1=1.It isillustrated in fig in which both
with their relation to the AND gate, the inputs are same.

0. = - A=0 A= l:D_a
0=0 0 .1=9 A=0 Y=0 A=1 Y=1
Postulte 5 Y BN = e =)
Y=A.A=A
;=D 1.1=1
| Rule 3
Postulate 7 : Postulate § - is always equals to *0". In this case
. i ith its complement is alwa :
: Any variable ANDed wi input of an AND gate, its output will
; Cither A or K wi be <07, If 0" is the input of s
A product term means the product of literalg, A product term can be produced Aor A will always
by an AND operation withe

4500 It is illustrated in figure in which both the inputs are complementary 10 each
ut using any OR operationi.e. AB, ABE. A BCD Other,

20
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w o ——— T
A=1 A=0 =,
A= Y=0 A= =
Y=AA=0
Hence. the postulates of boolean multiplication can be summeriged as,
Postulate 5 @ 0 . 0o = 0
Postulate 6 : 0 1 = 0
Postulate 7 1 0o = 0
1 1 1

Postulate & .
The multiplication rules or AND rules can be summered as,

Rule 5 : A . 0 =0
Rule 6 : A 1 = A
Rule 7T A . A = A
Rue 8 : A . & = 0

3. Complementation laws or rule- The complement of a variable meang
invert of that variable. It means that it changes from logical state ‘0” to logical state
‘I and vice-versa. The following five rules are known as complementation,

Rules or laws for complementations :

Rule | 0 = 1
Rule 2 1 =0
Rule 3 A = 1;ifA=0
Rule 4 A 0; ifA=1
Rule 5 A= A
A= UD—S;ID»_E: 0

A=lo—-1>o—_[:>°_oﬁ=l

The double complement of a variab

le is al i
start with a variable A ways equals to that of variable. If we

21

o for, we have discusseq the Iy
¢ the commutative faws, ,q

% ﬁf €an a]gehra' I
Commutative laws

crib Tatj
ges Ve laws and digyrip

n this section we will
(i)

utive laws in detail,

This law states that the order i
fference- In other words we ¢qp ¢
Lddition and the OR operation are g,

The truth table for this law is 4

N which the variab]

ay A OR B & €5 are
€ same and applicab
follows,

ORed makes no
Same as B OR A. Since,
le to logical circuits,

and the logic diagram will be,

B Y=A+B Ag:DTfMA

This law can be applicable 1o any number of variables,
A+B+C=B+C+A

= C+A+B=B+A+C

= A+C+B=C+B+A

(b) The commulative law of multiplication for two variable can be written as,

diﬂ'emis law states that the order in which the variables are ANDed makes no
rence. In order we can say that A AND B is the same as B AND A. Since, the

Il

:'::l:hplication and the AND operation are the same and also applicable to logical
Ults. The truth table for this law is as follows,
A[B[AB] [B[A|B.A
ofo[ 0| [ofo] O
ol1] o 0|1| 0
10| 0 [=[1[0f 0
1] 2] Jefrla
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M m = ates
and the logic diagram will be. . paw2: [AB.O)=(ATg 2
— = his 12 At 1S makes .
B Y=AB A Y=B A 1 : AND; S0 differenc, ;
. . : ’ or of variables. ed when Jing more than tw, ;ENCe in whay order the variablee
This law can be also applicable to any number of varia g g ) : WO Variah) r the variables are
15A Ba g ND C i the .s-une_as. A‘AN[J B ANDeg Witi?sé;ln other words A ANDed with B
Lk ; The truth table for this law is a5 follgw )
= C.A.B:B.Auc T T e T——— 0Wws -
= A.C.B=C.B.A A[B|C|(BO|ABG
(2) Associative laws p[0f0] O 0 _f_ BiC J(a. B) [(A.B).C
(a) The associative law of addition for three variables is written as follows, 0f0]1 0 0 0 _ﬁ“l“ﬁ—:-——-o——.:____o__
Laws 1: [A+(B+C)=(A+B)+C] of1{0f O | o0 010l o | o
This law allows the grouping of variables. The law states that when ORj, o|1|1] 1 0 g i{o 0 0
more than two variables, the result is the same and it is independent of the &rouping 1/ojo]| 0 0 1 1 El o ) 0
of the variables. In other words, A ORed with B OR C is the same as A OR B ORgg ol1] o o |® 00| o 0
with C. 110 3 Loftl o | o
The truth table for this law is as follows :- . P Litfo P 0
pl1la) 1 1 111 \ 1 1
A[BIC|(B+C) | A+(B+C)| [ATB[C[(A+B) [(A+B)+C T
ojojo| O 0 oloTo 0 3 and the logic diagram of the will be,
0j0(1 1 1 ololl 0 1
ofj1(0| 1 1 ol1lo 1 1 (A-B)
drrjag 1 1 oft]1| 1 1
1{ofo]| o 1 1{0]o0 1 -1
1]of1] 1 1 =iijolr| 1 1
1l1{o] 1 1 1j1]o]| 1 : A.B).C
1j1)1] 1 1 Li1]1 1 1 The law can also be application to any number of variables.
e A.(B.C.D)=(A.B.C).D
and the logic diagram wil] b
b | =(A.B).(C.D)=A.(8.C).D
A A+(B+ C) A (A+B) 3. Distributive law- The distributive law for three variable is written as follows,
B = B Law1:[A(B+C)=A.B+A.C
C B+C) & | w_lh'[his law states that ORing of two ormore vmjab:;apd Ilhen :’:N‘;Jing_ lt]l‘la re;ul‘;_
This law can be applicable ¢ ; (A+B)+C tth another single variable is equivalent to ANDing the single variable with each o
A+@B+C+D)=(A+p : ::HY number of variables, the two or more variables and then ORing the products. It is the process of factoring
)+D=(A+B)+ (C +D) " Which the common variable A is factored out of the different product terms. It

=A+(B+C)+D a |
. 18 reve w 1 is also true, 1.6,
T rse process of la

variables), of multiplication- This is written as follows, (three TR

The truth table for law 1 is as follows,
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A[B[C][B+O [A(B+O [AB[(A.C)[(AB)+(AC)]
ojojo| 0 | o 0 0 0
ojof1] 1 0 0 0 0
ojLjo]| 1 0 0 0 0
o0f1f1 I 0 0 0 0
tfofo] o 0 0 0 0
[r{of1] 1 1 0 1 I
[1f1]o0 | 1 1 0 1
‘ Laf1] 1 | | 1
The logical diagram of law 1 will be,
A'(B+C}A (A.B)
_B
B+
e ¢ a.0 (A.B)+(A.Q)

Y=A.(B+C)=(A.B)+(A.C)

This law can be applicable for different combinations of variables, "
AB.(C+D)=AB.C + AB.D
AB(CD+ EF)= (A,B.C.D) +(A.B.EF)

Law2: @B&(Aw).(mcﬂ

_ T!]is law states that ANDing of two or more variables and then ORing the result )
with single (other) variable is e
variable and then ANDing the

quivalent to ORing that single variable with all ofthe
sums. Truth Table for above is as follows.

(B-C) [A+BC[(A+B) [(A+C) (A+B).(A+C)
0 0

= o O o -NoOoOO0D
L T R = R T

/:.n-—n-ﬂ._l.ac:loc
/._n._x._n.--—nccc

e B =1

=

proved (law 2)

23
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A+ (B, Q
A A
/ b
B &) _
proof of law 2 : fAC+c, (A+B).(A.C)
A+BC EM*B}-[A;CJ
RHS=(A+B).(A+CrA A+ pc., e
=A+AC+ABRC it
=A(1+C)+AB+ T T
=A.1+A . B+B ¢ 5 R
=A+A.B+BC
=A(l+B)+B.C y fap
=Al1+BC Al=1
=A+BC
=L.H.8.
RHS=LHS | hence proved

Law 3 :

This can be proved by using distribution law and rule 2.

Proof : A+AB =A(1+B) ~1+B=1
=A. 1l A.1=A
=A

Truth table for law 3 :

A|B[AB|A+AB|
0f{0| 0 0
0f(1| 0 0
1/0|0 1
1)1 1 1
proved (law 3)
A+A.B x
ey & short circuit
Bo— (St;aightconnection)

AB
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Lawd: [A+AB=A+B]|

This law that ORing of a variable with the AND of its ©

omplement any Olhe
Wine of the two variables. The truth table for law 4 i "

variable 15 equals to (

follows
TAIB|A|AB| A+AB | A+B
SR
0 ni 1 | 0 0 0
fof1]1]1 1 1
1{0j0]|0 1 1
]
; 4
Logic diagram of law 4 will be, e
A
A = -
AB A+ AB
=B
B A+B
Proofoflaw 4. A+ AB=A+B
LHS A+ AB =(A+AB)+ AB vA+AB=A
=(A.A+AB)+ AB v AA=A
=AA+AB+ARA + AB AR =0
=AA+AA +AB+ AB .+ commutative law
=A(A+ A)+B(A+A) A+ A=l
=A.1+B.] Al=1
:A + B
=R.H.S.
hence proved
me other important boolean theorems

also{:;palr'i:gﬁmr . ?lm:: l|il s or theorem some other important boolean laws ¢
icable to solv i :
proof. e logical expression and they are used directly without any

(1)Absorption laws

24

duction to Logic ang Implemenhti
on

%m ‘R
aw A y=A .

with Lqmt Gates
his 1aW states that ANDing of 4

: . i BOuE Variah|e
et variable is equal to thay of . . able

ariable, ith the OR of

ﬂnﬂl that variable with

Truth table for law 1,
(A+B) [ A

A(A

A iy
B

A
pmved (law 1)
proof. LHS AL (A+B)=AA+aAR

distribution law

=A+AB i
= A(1 +B) e
=A. 1 N
=RHS

L.H.5.=R.H.S | hence proved

Therefore, for any variable or any term law 1, will be,

AA+X)=A
Law 2

This states that ORing of a variable with the AND of that variable with another
variable is equals to that variable.

Truth table for law 2.

Proved (law 2)

Proof. LHS. A+A.B=A(+B)
sA, I,

. L+B.:l
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= RHS
[CHS=RHS| hence proveg

(2) Transposition theorem-

Statement AB + AC=(A+C).(A +B)
Proof. RH.S. = (A + C)W(A +B) « distribution [gy,
=A.A +AB+CA +CB

AR =g
=0+ AC+AB+BC ~ Commutation lay,
- AC+AB+BC(A+ A) v A+ A=)
=AB+ABC+ ABC+ AC
=AB(1+C)+ AC(B+1) * 1+B=)
=AB+ AC
=LHS
hence proved.
:g: AR AB+AC
AC
C

A+B
The consensus or included factor theorems are also

logical expression. The following two theorems are
ms.

3. Consensus theorem-
very useful to minimize the
known as consensus theore

() AB+ AC+BC=AB+ AC
@) (A+B)M(A +0).(B+C)=(A+B). (& + C)
Proof () LHS  =AB+ A + e

=AB+AC+BC(A+1Z) = A+A =1

25

atroduction to Logic ang IMplement,
i — tion wigp, Logic Gates 159
= AC+BCA.pog

-_-ABJ"ABC+}J_\C+ AL =A

ACB " commutative
SAB(l+0yy T and distributive law
_L}"AL(\"B} o
=AB+ A¢ .
= RHS
hE"C&pm\rcd
Logic diagram of (i) and (ji) are
Ao 2B A B
B C B
c 5 AB + AC
i
C
BC AC
A A+B
(i) :
C A+C
A|B|C|A| AB| AC| BC] (AB+AC] X=(A+B) Y=A+C[ Z=B+C| AB+AC+EC| XY X¥zZ|
olojofifof ol o 0 0|1|0|u|0'|0
oloji|1|ol1]o 1 0 ] 1o ! ]u 0
ol1lol1| ol oo 0 1‘1|1|0|1l1
Oi1|1j1{ol1]1 1 I l|l|ll1
Holololo| oo 0 | 0 0 | 0 0ol o
1ol1]ol o] o]0 0 1 L)oo K
Hijofo|1|ofo| 1 g 4o LR
Clalfo{ ifofa] o | o L [u g {uln
J-i]_ i, w—
(Theorem 1) proved eE 2
g5
g &
E
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The above two theorems can be applicable to any number ofvariables, as |i!|h“:._;
() AB+ AC+BCD=AB+ AC
{i) (A+B).(A +C).(B+C+D)=(A+B).(A +C)

12. DeMorgan's Theorems

Demorgan was a mathematician and he proposed two important theoremg for
boolean algebra. Basically, these theorems provide mathematical varification of the
. equivalency of the NAND and bubbled OR gates, and the equivalency of the NOR

and bubbled AND gates.

Hence. De-Morgans gave two very important theorems,

Theorem 1: |AB=A +B

The theorem 1 status that the complement of two or more variables ANDegg is
equivalent 10 the OR of the complements of the individual variables. The other
words, the complement of a product of variables is equal to the sum of the
complements of the variables.

Truth table for theorem 1 will be

A|/B/AB|AB|A[B[A+B
00| 0 1 |41 1
011 0 1(1)0 1
1100 0 [ 1 |o]1]| 1
1111 1 0 |0]|o 0
proved (De Morgan theorem)
Logical expression will be,
N _ =
v -
B
A — — —
s A+B o : A+B
The NAND gate = Bupbjeq o gate

This theorem can be applicable for any number of variables

26

0. (AB(CD)(EF). - &g .

Theorem 2 : EAT[T:TE_]

[ i]:lstesflhal i complement of two or more variables ORed is
pivalent 10 e leme 4 l[hc complements of the individual variables. In other
ords, the comp ‘““‘”}‘ Ol a sum of variables i5 equal to the product of the
mplements of the variables,

Truth table for theorem 2 will be :

AlBIA+B[A+B|A|BAB]
ojof o \ MRS IR
0l1] 1 0 ‘1|0| 0
tjol 1| o fo|1]o0
101 1 |0 |o|ol0
proved (De Morgan
theorem 2)

Logical expression of theorem 2 will be :

B

Bubbled AND gate = The NOR gate f variables.
The theorem 2 can be also uppli{.‘ﬂhlt for any number o!
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A A
B?,_—_‘D——oz 1;3% ______ }—s
n n

The De-morgan’s theorems provide to the lrmmfnnnuli_on !‘rom aPOs i
of sums) to a SOP (sum of products) form. These are d-fsc_r!bc in next F"aﬂl r g {
aprocess of transformation is knows as DEMORGANIZATION of a given fungy
Itis also based on the duality principle. The following process or steps arc takg,, e
account for demorganigation of a function.

Step 1:  First of all identify the terms which are to be demorganized,

Step2: Invertor complement the whole function.

Step 3 : consider the each term as a single variable and change ANDs ORs

and vice-versa.

Step4:  Now invert the all variables.

Example : Demorganize the function (A +B+C).D
Solution :
Step:1LetA+B+C=XandD=Yso XY=X + Y

Step:2 (A+B+C)D

* AB =243

Step:3 A.B.C+D

Step:4 A.B.C+D

Hence the logical expression A +B+C).D is equivalentto A .B.C+D.
Table 11 : Some Standard Results of Boolean Algebra :

8. No. Standard Result
b, A0 =0
> A1 =A (Raj. 2006)
> A+D =A (Raj. 2006)
4. P o
% AA =A
& A+A =4
i -K_ sl
8. T
9. R it
L A(B+C) =AB +AC
. A+BC =(A+B).(A+C)

27
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A+AB - e
12 T A AB =2 [Raj. 2004]
13. {A+B) =4
4. A+vAB =A+p [Raj. 2007]
15. A(A +B) =AB [Raj. 2005]
6. AB+AB =4 [Raj. 2005, 06]
1. (A+B).(A+B) =a [Raj. 2004, 07] |
18. AB+ AC =(A+C).(A +B)
9. (A+B).(A +C) =AC+ AB [Raj. 2004]
20, AB+ AC+BC =AB+ AC
21, (A+B). (A +C).(B+C) =(A+B).(A ~C)
] [Raj. 2004]
2 ABCD... =A+B+C+D * -
2. A+B+C+D+.. =ABCD .
24, A+ AB+AB =A+B -
2. AB+A.B+A.B =A+B
= BC+ABT +ABC
26. ABC+AB =AB+BC'—CA
27, (A +B.(A+B) =B
—_—— " +ABE + I-ﬁ E
28. | ABC +ABC . Raj. 2008
= BY.(C +D
- =57cp ~(a+BMCT )
: e i [Raj. 2004]
30, AB + AC+ABC (ABtO) =
T - . i M
13, Standard Forms for Logical EXpressio

i mes of logical expression
= dlﬁemnlﬁl‘ﬁ OR and NOT are the

universal building blocks to

o TECLs:
i on, we have discu ¢
In previous sectt teeal and theit output. The

with the combination of lit¢ INOR are the
basic logical expression, while Nm.li?nan ey
perform any type of logical expressio- - their standard form. In §
jons can be expressed It ne or more). Hence, any

The Boolean ’futlc‘l‘l""st i any number Of ligerals (forms
m- “";uﬁmff‘“’n “‘a:"“ aln & ihe following two forms:

ean function can form.

(1) Sum-of-products for™ or SO]; g

(2) Product-of-sums form of
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This type of standardization ma o
i H H —rr aite 4 ] Ic

boolean expression 15 d systematic an cas|

Sum-of-preducts (SOP) form: .

The sum-of-products (SO
AND terms of one or more literal. The
SOP form. The sum express the ORing 0
SOP form can be implemented with one OR ;
following logical expressions are the examp les of SOP forms.

¢ way.

(1) A+BC+ ABC

(2) AB+ABC

(3) ABC + CDE + BCD
(4) AB+ BCD +AC
(5) AB +C+ BC

Iftwo or more product terms are summed in according to boolean addition, the

resulting expression is a sum-of-products.

A

Y=A+BC+ABC

N

lph=h]

Fig. 3.24 : Implementation of the SOP expression
Y=A+BC+ ABC
The logic diagram of a SO

:‘:tl]i'oi\:;da? ; :; Sgg; gl: f:;cl itt' is shown in fig. (3.24). For this, each product term
1 D . - . . H
ki il whl::'se T a term with a single literal. The logical sum is

inputs are the outputs of thé different AND gates

28

ks the evaluation, sim ply and imp Icmemabieﬂr

P} form is a boolean expression that contain variq, g
cach AND terms is called product term of
f these product terms. In other words, 5,
gate and two or more AND gates, Th,

P expression consists of a group of AND gates that ,

yction 10 LOYIC and Implemgpe .
lﬂuo.d Ntation With Logic Gates

. An SOP e 5 L
Note- AN 5 “Pression can pave gy, ferm A B, C '
-B.C, but not ABC. It
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_—
,;tﬂ”‘ ABC is not a term of Sop an,
f;om he De Morgan theorem,

Dumai“' In a boolean exXpression, ik
e of variables that contained

- oompf.;:m:m:twcl.
fx. Y=ABT + ABC
In above expression,

il it is -5 =
it is nor equalto A B. C as we know

¢ domain is the se

e tofliterals. It means that
in that expression in ‘

the form of complemented or

the domain is the set of variable A, B and C.
mmrersion into SOP form

Any boolean cxpl‘c_ssion can be convert into sum-of-products (SOP) form by
using bo.o lean alg_-.:'bra,' ['h.l! ha._slc law of boolean algebra i.c. (i) Associative law (i)
Absorption law (i) Distributive law are used to convert the given expression into
SOP form.
product-of-sums (POS) form-

The product-of-sums (POS) form is a boolean expression that contain various
OR terms of one or more literals. The each OR term is called sum term of POS
form. The product express, the ANDing of these sum terms. In other words, an
POS form can be implemented with one AND gate and two ore more OR gates.
The following logical expression are the examples of POS forms. If two or more
sum terms are multiplied, the resulting expression is a product-of-sums.

(1) A(B+C)-(A +B+T)

@ A+B)-(A+B+0)

(D (A+B)-(A+B+T)-(A+C)

(4) (A + B +C) - (C +D+E)-(B+ C*D)

(5 A(B+ C +D)- (B+D) )
'_Thc above expression (1) has three sum terms of one.

implementation of this expression is as ey
A

two and three literals.

y=A:B+C)-(A+B+Q)

ol

e

Fig. 3.25: [mplementation of lhe P‘O—S expression,
y=A-(B +C)+ (A+B+C)
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ion consists of a group of OR ates
4 POS expression cons - A th
i :-;Lhm\-n in fig. (3.25) Il ‘_"]‘_'h”";-" L'adll Sum iy
R inele literal. The logics
ires an OR gate except for a lerm with a single 1:}::: of the di ﬁg_c r:mp('f‘}ﬁd
;\zﬁr:ll:;h\':'li[tlh an .:-\.NI) lu:ll-:. whose inputs are thc{;‘i&h; available. The des&' L
including the single literal. Here. all “};c ":E::: ifanging BN G i Ol;.mm"
-t : o
of POS form is similar to SOP form by P el
with v.'nn;plcmcntcd varibles, Inan POS expresslﬂl;:: d\::‘lij;:fl:in . [erma::]:;?;..e“m
over more than ene variable, however more than o ave gy
overbar. B
A+B+C, but not (A+Er=
Note : An POS expression can have the term A +B+C (A+B7
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The logie diagram of
followed by a single AND gatc.

fy
et j

It means that A+B+C is not a term of POS form, because it has diffey,, .

meaning then A+B+C as we know from De-Morgan theorem.
Advantage of SOP and POS form-

A boolean expression may be expressed in a non-standard form nei‘thcr Sop
nor POS form. It requires the number of AND and OR gates to perform its logigy
diagram. As a result the gating level of the circuit is increased. The SOP and pog
form are used to minimize the gating level of a circuit.

Ex. The expression Y = AB + C.(D + E)

A C—_—

|

Y=AB+C-(D+E)
D
E

C _
Fig. 3.26 : Circuit Realization of Y = AB + C - (D + E) .

This expression requires two AND and two OR gates, It is three level
implementation by boolean expression. Now,

Y =AB + C(D +E)

=AB+CD +CE
the above expression is in S

1 OP form and it requires three AND and one OR
gate. Itis performed by two-level implementation,
A

B

C.———.

D

Y=AB+CD+ CE
(e
B

Fig.3.27;

Two level implimenmlion of Y

29

trod“cﬁon to Logic ang I“‘PlernEntatio with |
in 5

Shai gic Gatpg
44. The standard ggp an : 167
RM)

" (The MINTERM ang

gp for. we have discusseq Sum-of:

¢ product (€S contain limieq
(presSions: ?;:m-l I_a:l)['; mdprodq':-:t-r)f‘-su'n-.g (POS) expresg;
jimited variables in the domain of | ;

e OF SUM term in SOP or pog
xpression- ;

% slandar_d logical exxpression s one in which afl the variables in that domaj
must present in each of product or sy, term. The standard logical ex; ssia?:mm
very useful 10 construct the truth tables gng Kamaugh-map sim Iil?!:,:lion AT
ponstandard logical expression can be converted 1o the standa.rdpform by Lusin)r
poolean theorems. The following two types of standard form of any logical cxp;ﬁsiﬂmi
are used in K-map simplifications. The detajls of K-map is discussed in the next
chapter.

(i) The standard SOP (SS0P) form

(ii) The Standard POS (SPOS) form
(i) The standard SOP (SSOP) form-

The standard SOP form or canonical SOP form is one in which each product
term contains all the variables either in complement or uncomplement form and all
the product terms summed together. In a expression XBC + ABD + ABCD
made up by the variables A, B,C and D. However, the last product term contains all
the literals, but first two product terms do not contain all the literal. If we see it
earefully, we see that the first product term contains three literals A, B and C. There
should be forth literal D in the form of D or D for presenting the complete set of
Variables, Similarly in the second product form the missing variable is C, it should be

tre in the form of either C or C . hence such type of expressions are called non-
Standard SOP form,

Products (5op
Umber '

On the other hand if we see the logical expression ABCD + ABCD + ﬁ:CD‘
tach of the three product terms contain all the literals. i.e. A, B, C &;d D such type
*fexpressions are called standard SOP (SSOP) or canonical SOP form.

(2) The MINTERM- In a standard or cononical sum-of-products i::»:]l ;:1::[
®ntaing a1) the variables of the function inei lhcr.CO'“P_lemcnfﬁi':n‘;“::;“;}’so s
ﬁs:? i ach it e :18 ﬂ:i?é?@ﬂ;ﬁlrogical expression has

) tal . = .
ot e ey e
“Tation of 4] the literals of that function in Ehﬁzf.::;;am;hmcmcd form. For
"Merm, a variable is present either in complements s
Minterm . B oftwo variable function. I Both Aan
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the minterm A, B is 0.0 means 1.1
1 then the mineterm A_ B is 7.7 means 0.0 :
symbaol small m. The minterms of a n-variable functions can be represented by m,
M. Mgy ceueeen g0y The suffix (decimal code) indicates corresponding hy
minterm combination.

The following table shows all the minterms of two and three variable logic
functions.

1. and of both A and B are in logiey| State

— (). The minterm is represente by i
e

Y =Zm, [£ = logical ORing]
=Em{0, 1, 2,.cccen. ) [m = minterm]
=g+ Myt i
Table 12 : Minterms for two variables

A | B | Minerm | Minterm
0/0| AB my
01 AB my
110 AE my
11 AB mj

Table 13 : The three variable minterms table

A | B | C | Minterm %Jd:)ntatﬁo?
0(0j0f ABC my
0(o|1| ABC my
0|1|{0| ABC m,
0f1|1| ABC my
1(0|0| ABT my
1{0{1| ABC ms
1{1]0| ABC mg,
1|/1{1]| ABC my
(b) Characteristics of Min

: . term :- The important characteristic of a minter
?u;elh:.'a"f :'.:i}:.ﬁz ;:rﬁ :EEP’ Fne combination of n-input variables. Since theré

: - e function, i i . )
while the remaining (2 n, only one minterm will have the value |

" 1) minterms wil i
. - ! ave the value 0 for any arbitrary inp¥t
combination. In a two variable function y - A.B,(A=land B :.E); rhavc ?aluc I

\ii'ulc the other lel_ms. AB> AB and AB have valye 0, Similarly for three variabl
ABC (A=0, B=1, C=1) will have valye | and all the I‘Em.aining minterms will have
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R AP o .
¢ 0. S0, an 501 CXpression jg equ

o e e als 1o
< in that expression js Cqualto |
- The sst

yalt!
ferma 10 :
where 115 the minterm notatiop,
(c) Cumicrsion of SOP fory, into st
erm in:ln S?I"P'Lurl: ;hm (lm;;; not cﬂm';?:;?ﬁ;):iss_or}f?rm : L'a.ch product
cxpﬁf}dt ‘ ‘wnlfdlll ard torm to incluge all varighleg a;:lﬂabl'us I fenetia can e
unction. Eh'- oflowing procedure is taken jng, accounty lhc".cnmpl'fmm“ -
standard SOP (SSOP) form by using boolean theprern (s o o S0 form into
procedure (I) " A+A=.

(i) First of all write down
expression, -

(ii) Ifinany product term one or more y
term by multiplying it with the sy
its complement (A+ A = 1).

1 only if one or

andard Sp e more of the product

be represents by Zmy

all the product terms carcfully as given in the

ariables are missing, expand this product
m of each one of the missing variable and

(iii) Solve the obtained function with the help of boolean theorems.
(iv) Finally, drops out the repeating term, (A + A = A)

The alternative direct method can also be applicable to obtain standard SOP
form (SSOP),

Procedure (IT)
(i) First of all write down all the product terms carefully as given in the
expression.
(ii) Then, put Xs in product terms where variables must be inserted to form a
standard product term.
(iif) Now, replace the uncomplement variable by 15 and the complemeted variable
and by Os.
(iv) Now, use all the possible combinations of Xs in product terms of Us and 15
1o get minterms.
(v) Finally, drops out the repeating terms.
~ (d) Four variable logical expression (Minterm):- We know that for a n-
nput variables, there are 2 possible input cun1b1|'[at1ons. In case of Four_mput
variables, the sixteen (2= [6}possiblccombinalion5 t_r_un_\ 0000 to 1111 are available.
The corresponding standard products ar¢ from A B _C D 10 ABCD. Ou_lruf hsnx_lccn.
Standard products the particular is found in a quick way. :amcan“;;rdt mf;l
Variable is (1, then the variable is in its complemented form in that standard p :
' can be understood as follows,
() Forinput 0001, the first three variables
the last variable is in its uncomplentent

willbe A B CD.

are inthe complemented form, while
form. So the resultant product term
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i : A and s
(i) Similarly. for 0100, the product term willbe ABC D and soon,
§ < for 4- variable expression are numbered as Mo, my, m,,
ORing of different minterms. The minterms oy

at in either complemented or uncomplemey, ed

The minterms 1
m, ;. mys. The logical output s the
the ANDing of all the literals prese
form.

YABCD)=Y=mp+m + e +myy t s
=  Y=Im(0. l.2.... 14, 15)

The minterm starts form 0000 to 1111 in the different combination of literg]g "
given in the table 14.

Table 14 : Minterms for four variables

Variable Minterm Minterm Notation
A|B|C|D m; = e
e i ‘ —
0j0fo0j0 ABCD m,
ojojof1 ABCD m,
ofof1]o ABCD m,
ojof1]1 ABCD m,
oj1]ofo0 ABCD m,
ol1]o0|1 ABC
u ABCD m,
1{1]0 ABCD
011 ‘BCD %
1 AB
* CD m,
L{ojoje ABCD
ng
Tjojoli ABCD
Mg
Pojrjo ABCD
m,
B o ABCD
110 — my
0 ABC D
1 {10 _ my;
! ABCp
Hltli]o ABCT m;,
__!_l 1)1 ABCD My
g m
Each minterm s represented Iy —_—

equivalent of the payural binary n};n':'bi;r“‘:sm the sub
Tespondi

Seript i js the decimal
uncomplemented variable taken as | ang the ¢
omplem,

Ng to the minterm with
¢nted variable taken as 0.
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. -Inah
. summed 10 form a stang 00

le: o
“an expression, the different product

ard sum.

G : SEnociai g0 m-of -py : il

e ponding 0BIC circuit diagram ofcp oo 0 kst
- iffie

tes used for product terms ang followed by asingle OR gate, This is called

e 5tanl!'ﬂ"" POS form (The Mme"m

So far. wfi h::‘:fe s ILIPUS boolean €Xpression in which few of the sum terms do
ontain all the variables. The standard pOS form or cononical product-of-sums

is one in which each sum term contains al] the variables either in complemented
Nuncompieme"‘_‘ed_ﬁ’"ﬂ and all the sum terms multiplied together. In a four variable

jon Y =(A+B+C)A+B+D)(A+B+C+D)made up by the variables A, B,
¢ and D. However, the last sum term contains all the variables, But first two sum
terms do not contain all the variables. The first sum term should be contain the forth
fiteral D in the form of either D or D to obtain standard POS form. Similarly the
second sum term should be contain the literal C in the form of either C or € . Hence
{he above expression is a non-standard product-of-sums (POS).

On the other hand, if we see the logical expression

Y(AB,CD) = (A+B+C+D). (A+B+CT+D). (A+B+C D)

that possess all the variables. Each sum term comain all the four variables.
Such a logical expression are called standard or cononical product-of-sum (SPOS).

(a) The MAXTERM- In a domain of standard or canonical product-of-sums
that contain all the variables of the function in either complemented or
uncomplemented form, each sum term is known as a MAXTERM. The maxterms
arcalso known as standard or fundamental sums. In a n-variable logical expression,
there are 20 possible combinations of maxterm hence. the number of possible
combination for minterm and maxterm are same. The maxterm is represented by
the symbol capital M.

pot €

Y =M, [T logical ANDing]
=M(0, 1, 2, ......) [M = Maxterm]
=My M« s MY
The maxterms of a n-variable expression can be represented b)'_ Mg, M,
¢ T M(zn 0y The suffix indicates the decimal code corresponding to the
AXterm combination. ‘
For a Maxterm Y = A + B, if both A and Bare in logical state 0 then either A or
18in Iﬂgi(:al state 1. than the maxterm (A+ B)isequal to 1. 0+1=1+0=1+1
= I:l. B

M

M‘ihe followi ng tables show all the possible maxterms corresponding to two and

¢ variables logical functions.
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Table-15 ; Two variable Maxferms
Maxterm
B | Maxterm Notation
0 A+ i I
1 A -
0 A+
1 A+

Table 16 : Three variable Maxterms

Maxterm | Maxterm
A Notation
000 A+B+C| My
0|o|1|A+B+C My
0|1(0]A+B+C| Mp
0[1(1|A+B+C| M,
1/0|0|A+B+C My
1/0|1|A+B+C| M;
1[1(0[A+B+C| M,
1|(1|1|A+B+C| My

(b) Characteristics of Maxterm :- The important characterstics of a maxterm
is that it has the value 0 for only one combination of n-input variables. Only one
maxterm will have the value 0, while the remaining (2"-1) maxterms will have the
value 1 for any arbitrary input combination. Let us take an example, '

‘ Y = A + B (Maxterm)
if. A=0andB = 1, then,

Y=0+1
=]l+1=]

while the other maxterm are (A + B ). (A +B ) - (Ax ) -
B=1)the other maxterm willﬂt::g‘ 1 (A+B)*(A+B) For above input (A=0.

Y=A+B
=0+i
=0+0=0

~A+B
=ﬁ+T

and Y

Also,
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for above combinagjq, ‘

ACe. i ) s
a'?:;ing combination have valye r}}?é{gicti?mm (A+B) has value 0. while
rli fcssi(m is Cfl“al to 0 only whep ong or m:]sr:TFtlzdt‘d that, .-\pr::}duu-ni'-hultls
apression oT¢ A1 al 10 0. The standarq pog gory b NG (e b
here i is the I]l:l.‘\ erm notation. e represented by TV,
" (¢) Conversion of POS form intg
s form that d(3e5 not contain all he
gndard form to include all variables j

following procedures are taken to get ¢

( AA =0)
procedure I:- )
(i) Firstofall writedown all the sum terms carefully as given in the expression,
(i) Ifinany sumterm one or more variables are missine. expand this sum term
by adding it with the product of each one of the TEiSSing virsable:and is
complement. (A-K=Ul.
(i) Solve the obtained function with the help of boolean theorems,
() Finally, drops out the repeating term. (AA=A).
The alternative direct method can also be applicable to obtain standurd POS
".(§POS) form or can be written in term of maxierm.
Procedure 1) :-
(i) Firstofall write down all the sum terms carefully as oiven il
(i) Then, put Xs in sum terms , whose variables must be inseried 1o
standard sum term. )
(iii) Now replace the completed variables by 1s and the uncompicinented variables
by 0s.
(iv) Now apply all combinations of Xsin terms of Us and 1s to obtain the maxterms.
(v) Finally drops out the repeating terms.
(d) Logie Circuits of Maxterms

In aboolean expression, the different ‘ ied togethe j
Astandard product-of sums expression. The corresponding logic circuit diagram of
ch maxterms is accomplished by the different OR gates used for sum terms and
f““owing by a single AND gate. This is called OR-AND network.

) Four vari i ion (Maxterm)
variable logical expression o
T As we know for four input variable, the total nmnbu.zullicmnbnnam'pg, :nni : x"%;"""f-
i s are fro +B+
Cs¢ are f 1. The corresponding stan ar sum: (A+B+
o Dy Etingf%of %,JI ]1|11 such a case, ifthe input variable is in Fhe state. 1‘n;,n. the
wHiable ji it I.lncomple‘menled form is in that standard sum. The 1 state of the

Fo | follGwikg examples are gi\fen, o
® r II):::'EF undﬁ?ﬁ?lnﬁl:h;rsli th ivariables are 1o the form of their
inpu . &

standard POS form:- Fach sum term in a

variables 'u] expression can be expended to
n Eha_l function with their complements. The
ononical POS form by using boolean theorem

S ONPSSSH L.

v a

sum terms are multiplied together to form
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: + Jast variable is inits u"ml'-‘hfmc
1, while the last varii’e Nedy
I be (A+BHC+D ) oy

uncomplemented litera .
So the resultant maxterm wi . -

(i) Similarly, for 0100, the fundamental sulm term will be (A+ B "'C*'D)_

The maxterm for four-variable expression is numbered 1_‘r.;;nj Mg M,,
The logical output is the ANDing of different IllaKlL’r‘l'F’LS‘ I'he maxtermg Py tllfi
ORinghof all the literals present in either complementary or unc:m‘r‘uplcmi:ntr}i fomy
as shown in table 17.

Y(AB.C.D) = My My. My e Mys

= TTM,
=TIM(0. L. 2.......... 15)
Table 17 : Maxterms for four variables
Variables Minterm Maxterm
A|B|C|D Notation
ofofjo]o A+B+C+D MU
olofoll A+B+C+D M,
olof1fo A+B+C+D M,
olol1]i1 A+B+C +D M;
Oj1f{olao A+B+C+D M,
0l1lo]s A+B+C+D M,
olt]1]o A+B+T4D M
D111 +B+C
1 A+B+C+D M—l,
Fl1ofojo A4B4C4D M,
110101 A*B*C"'D M
i = 9
L1oj1]o A+B+C4D M
" _ 10
1101111 A +B+C+ D M
— 1
birjojo A+B+C+D G
Li1fo]1 K*—EH}:-E Mlz
Li1]1]0 K'E+'E+I) ) M13
;I:' |-,I 1]1 E"ﬁ*f-fﬁ Mm
ach minterm is represented by M i 15
¢ < M where the sybear : -
ﬁirtihll.;]nalural binary number ':“m?ﬁﬁ-on ding l‘:)' -‘;:Eu.npu isthe ‘dc:mmaleqm‘::fi
able taken as 1 and the uncompleg, ented variablmtm;lcnn with complem
€ laken as (),
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?_l Znn:]hT:ﬂlfng for a n-input function are (2m

= 293 = :rare () g (20 4

function wherL_Z 8 l?e the total number of minterms :ng.m;:; i T-};-;cc parane

the corresponding decimal number, Let a expression. Xierms. The 0107 are
Y(AB,C) = My + ity % my +

Y =Zm(0,2, 4, 6)

{he same. The corresponding decimg|

Y=ABC+ABC+AB C+ABC
the 0,2, 4 F"d 6 are the minterms. For this expression, the 1, 3, 5 and 7 are the
maxterms. S0 its maxterm representation will be,
Y =M. M;. M- M,
=MM(L,3,5,7)
Y(ABC)=(A+B+C)* (A+ B +C)(A+B +C)H(A+B+C)
Hence, if a logical function is expressed in terms of minterm/ maxterm., its

maxterm/minterm representation can be obtained by using the following

complementry characteristic. This can be well understood in the following 4-input
function.

16 Y(A, B, C, D)= my+ms +mg iyt myg +mg + gy + oy
=Tm(0,3,6,7,10, 12, 14)

Then, Y(A, B, C, D) = M,.M,.M, MMy My. M, My; M5
=TIM(1, 2,4, 5,8,9, 11,13, 15)

The other examples are

Q) Y(A,B)=my+m +my
=EZm (0, 1, 3)- minterms

then, Y(A, B) = M,
= IIM(2)- maxterm

(i) if, Y(A, B, C)=my + iy + 13+ iy
=Zm(0.2,3.7)

then, Y(A, B, C) = M. M. Ms. Mg
=TIM(1,4.5,6)

16. Karnaugh Map of K-map

\ -map i t

Minimization of an boolean ?XP""_I;S.i: ;;h ;.sphic:lilihelrhnﬁ iirwmmﬁmﬁ
inimization. Thi SO i tation

zrornu;::e"r;iul}-:::?;pecmli];c cell. Again, the K-map 1$ basically graphical represen
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- S .sjon) and its ”'“.“i"ﬁz"m"m,ls based o0 the h"llh:[l
of the boolean function (expresstoiy section. The K-map is very quick and gy, 3
theorems as discussed i (e DIV I £ nction bus of the number of varigy, I
method upto the five six } ariable 55 ‘1’:: ﬁ;cn it become complicated. The u.-omp"calti i
alogical expression is more 1E::E1‘r!=“[:l'-1 : ; " cicney. To overcome this difficulty, allmhn[:
ises jus s perception ¢ ’ e

: ve six, :
IHOE'LI:I.:T{:-na}“ can be designed for both the standard SOp _[’]'I:dmlc_l'm) and standayg
POS (maxterm) logical expression. As we know that there are = possible combinatigps
for an n-input variable expression. Usually, the K-map has 27 cells, corresponding,
their possible combinations. Hence aspecific cell |0C_ﬁ-“0n is fixed for each of Mintem,
or maxterm. The K-map can aslo designed by using truth table. K-map for twa,
three and four variables have four, nine and sixteen cells respectively. The
simplification or minimization is based on the basic boolean rule AB + AB' = j,
case of minterm representation. The following processes are to be taken in accoun
to minimize the logical (n variable) expression by using K-map.

(A) Mapping of SOP or POS expressions

(B) Minimization of SOP or POS expressions.

Now we shall discuss the K-map with different variables.

17. K-map with two, three & four variable

Four two inlpm_\-eluiable Aand B, there are four possible combinations. Each of
t‘hese combination is in standard SOP form an hence called a minterm or in case of
:;a;ﬁ ?05 form it s called maxterm. The presence of a minterm in a expression
e ¢ outpu]ug of the logic is assumed as logic 1, while absence shows the logic .

. Ther i i i
10 two, three and four variables K-m: ;ﬂ four, nine and _slxlcen cells corresponding
(1) Mapping of standard SQP and POS expressions

The K- ; 3 .
vEribles h::r:f.?b(::l; L“:J;hk!;‘; and four variable js designed in a specific way. In this
these variable are taken as A ;5 ihB, C, and D, and the binary number formed bY
respectively. The decimal wd C, and ABCD for two, three and four variables
variab]eais'sho“n in followi : W'l‘respanding to the particular combination ©
ing K-maps, In the following K-maps, the variables ofall

possible combination is marked iy ywh: ariab
. in whig i
and the second bit corresponds to :.ecl;z:‘: st hllconespunds o e ;

ariable ang 0 on,
A
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AB : A
n(lﬂ 201 6” 4]{} B\_AE AB AB AB
0 - C 0 2 5} 4
; 1 3 |7 |5 - T 13 17 15
Fig. 3.29 : K-map for three variables
AB AB_ )
cpN 00 01 11 10 CDN\_AB AB AB AB
NUNENERE eplo T4 T2 s
& T (5 |13 |9 o N ERERE
AP 17 B[R colp |7 BB
i 2 |6 [14 (10 o) N & 10
i Fig. 3.30 : K-map for four variables

it is required to design a K-map in term
shows the K-map in terms of
product of sums form or

For more understanding about [(-m_alp, .
of miniterms or maxterms. The following diagram
siandard sum-of-products form or, minterms and standard

maxterms. e
BAGI'I AN oo 0111 10
0| AB | AB o|ABC|ABC|ABC|ABC
1| AB | AB 1|ABc|ABC|ABC|ABC
(@) (b)
AB
oo 01 11 10
cﬁ. ABCD
ABCD
? e
ABC
11
0 ABCD
1 et

© Two variable
interm for (2)
. K.map in terms of @ i
Fig, .?..31“;)I ﬁhmall“ bles and (€) Four variables



w
A /

BN\, 01 11
0 A+B+C
1 A+B+C
(b
11

00| A+B+C+D| A+B+C+D [ A+B+C+D

01| A+B+C+D|A+B+C+D| A+B+C+D| A+B+C+D

1 A+B+C+D| A+B+C+D | A+B+CH+D| A+B+C+D

10} A+B+C+D| A+B+C+D | A+B+C+D| A+B+C+D

Fig. 3.32 : K-map in terms of maxterms for (a) two variables
(b) three variables (c) four variables
(a) Mapping of two variable SOP and POS expression

There are four squares or cell in a two variable K-map. Each of cell has a single
or unique minterm. In a cel]

the ‘I’ indicates that the corresponding minterm js
included in the Output expression, while 0" indicates that corresponding mintem
does not appear in the expressi

on for out put. Let us take an example as to map the
expression Y = AB + & B. The minterm
and m,. So it can be written as

Y=m; +my=Zm(1,2)=0] + 0
Hence, the K-map corresponds to the expression is,
A

presented in the given expression are m,

Halits erms e, Mﬂ‘ MI’ ME’ and Mjmd
B, A+B ang A+B

b A*B respectively, Let us take 8
MY=(A+B), (A +B).(A+ B). In this expression

B, A+
example as to map the eXpressi
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M, and M, and M, are presen, 50,
e M
{he Y=M;. M, .M,
=TIM (0, 1,2)
Hence, the K-map corresponds 10 this expression i,
A
B\ 0
0

00

11011

(b) Mapping of three variable SOP and POS expression

A three variable K-map has eight cells and each cell represent the minterm
($OP) or maxterm (POS). The eight possible combinations corresponds to minterm,

ABC, ABC, ABC. ABC, ABC,
gy )5 Mgy M3, My, Ms, Mg and m,are ABC, ABC, A

BC.,ABC and A B C respectively. In case of POS form, the eight possit{:l:
iombil;alions corresponds to maxterm, Mg, M, M,, M3, M, M, Mg and M are

+B+C),(A+B+C), (A+B+C),(A+B+C), (A '—.B + c).;.a.v?:;:;
A b Ry i e
o) mos?l:il?iiiﬁ::}:ﬁ?;gﬁk?da;o: available maxterm and ‘ljs tri:alr:;nd
;‘“ark:advt:i:aa:r;maxlerm.] The decimal number of the cell for ma:e::le and min
I'Z;I:lesenlaliorl is the same, Now,lel L us take an examplec of each case.

Y=ABC +ABC+ABC+ABC +AB" Lt

The available minterms are ABC =010=my; A BC . 1 il
= € =110=m;and ABC=111=m,. Hence, the K-map
=000=my,ABC =11 mﬁv=m0+m1 i o

=xm(0,1,6,7)
AB

00 01 11 010

1 1

oft
'1Lﬂ 1 [0

Cc B B +C
Y (X+ﬁ+c).(1+n+c}.m+n+cy.m+ )

= M. M. M. M,
= TM (’0; 2) 5! 6}
So, the K-map (POS)

Far,
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(¢) Mapping of four variable SOP and POS expression

A four variable K-map has sixteen cells and each cell of map represents gy,
maxterm (POS) or minterm (SOP). The binary number of rows and columns gy
the gray code. The conditions of A and B along the column are mar ked by the binary
number along the top of the map. Similarly, the conditions of C and D along the rgy,
are marked by the binary number along the lefi side of the map.

The sixteen possible combinations corresponds to minterms, mg, m, m,, .......
mgare ABCD. ABCD, ... AB C D respectively. For POS form the
maxterm My, M. .......M s are (A+B +C+D),(A+B+C+D)..... (A+B+C+D)
respectively. Now. if we want to map the following expression

Y=Em(0.1.3.5.8,11.14)
then, the K-map will be,
AB
CDN_ 00 01 11 10
00j0_ (4 1& 1

i
ol 1 [°1 1% 90
5

3 |7
1114 0 10 ”1
4

2 16 [T
10301100

For, Y=IIM(2,6,7,9, 11, 13, 14, 15), the K.

-map will be,

(2) Minimization of the expression.

After mapping the K-map, it is requ:
Tequired 1o Minim;
' Mize the expression.
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(@) () Two variable SOP ST T .

|n order to minimize a given boolean sxneec =g
culd have to look carefully for adja.:c.nt‘-j:flri;ﬁ:ﬁn h::.i using Karnaugh map, one
B ’ e . g shboured) cells having 1s. It means
hat the tW0 o:c":r(;ﬁ:bdil:;c]'}:vmi ﬂé{,‘rm;,_ when combine together gives the elimination
of one OF mo, di ﬁ" o _",1 Jacent ‘fc"S are said to be combined to each other
when their minterms differ by single variable, [ ¢ ys take an example in case of two
ariable K-map the minterms mg andmyi.c. A B and A § differ by single variable
A(A in mg & A in m,). Since B is common in both the m,, and m.,. hence the
minterms Mo & m, may be combined to form a pair that eliminates the variable A as
given below :
Y=my+my
=AB+AB
=(A +A).B
=1.B=B
A
BN, O 1

ol'&B B

.. (Elimination of variable A)

1 3
1| AB | AB

Further, the following groups are possible to form a pair and eliminate 2 variable,
(i) The minterm m,and m, can be combined together to form a pair and yield
to=mg+m=AB+ AB=A=Y, [Fig.333(a)]

(i) The minterm my and m, can be combined together to form a pair and yield
0 — -— .

to (m, m2)=m0+mz=AE+AB=BEY;[F'gj'?'j{b“ : o

(iiiy The r::;ntcrm m, and m, can be combined Iwgethcr to form a pair and y1

I ;§B+AB=B=Y3[Fig.3.33(c)]

can be combined together to form a pair and yield
p=A=Y, [Fig. 3.33 ()]
mg( A B) and the minterm m; (AB)

to (n:lls my) = m +my

(iv) The minterm m, and my _

t0 (m, my) =m, + my =AB *A

Here, it is to be noted that the mmtflm caminterm m, (AB) and minterm
does nop form a pair. It is also applicable i pagoc

. d and
e be combined to form a Qua
™ (AB). However, all the four mint€ms E;?s 3.33()]
Mdtﬂﬂmoutputas Jogic Lﬁgivehelo\m G
Y5=£m(0.l.2.33 : :
=my +m + My + L]
- A8+ AB+AB AP
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182 - (Elimination of B)

— X(F - _.IJ\{EJ.—B) I T
A(B+B) (L:Iumnatiunufm

= A +A
"y pair can be combined to each other gpg

S S ¢ two adjacent E i
now, it is clear that th bles. The combination of two or More

R ¢ varial
form a quad that eliminates both the ¥ % i,
neighhoired mintern to form a pair or quad that y ield 1o eliminate the one or hog,

the variables s called grouping of cells in K-map. The following figure shows the

possibilities of grouping inthe two variable K-map.

A A A
BN 0 1 B\UU_’EI— B 00 21
of olf|
3 1 3
[ P |
A=Y, B=Y, B=Y,
(@) (b) )
A A
L B\ 0 1
0P 7}
g [ L Vi
n 3]l| il 3
1 1
A=Y~i les
(@) @

Fig. 3.33 : Grouping of minterms for two variable K-map

The Y .Y, Y, Y : .
of differen cels, 4 3 ¢ he reduced output depending upon the grouping

,_E an exaﬂlple for vari ~-map the

i tw a ¥

maxterrins Muiamij M2 1e (A +B} an.d( A B) i o a-"a;-blT K En ;

and M—, may E-Jl: & blsed I ht ]0 and M hBI‘IC th axterms
ombined to ﬁ)n-n ap . I s € the m

f01|DWin3 maﬂncr, ik t 1“““-“ates thc 'a'al‘iable A‘ I!l ﬂl

Y =M, M,
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=(A+B).(A +B)
=AA +AB+BA +BR
=0+B(A+ A)+B

e ~. (Elimination of A)
=B
Further, the following groups are possible to form pair and climinate a variable
A .
BN\ 0
0] a+B
11 A+B

() Inmaxterm My and M, can be combined together to form a pair and vields
to=MyM, =(A+B).(A+ B)=A=Y, [Fig. 3.34 (a)]

(ii) In maxterm M, and M, can be combined together to form 2 pair and yields
to=(Mg:M,) = (A +B).(A +B)=B=Y,[Fig. 3.34 (b)]

(iii) In maxterm M, and M, can be combined together to form a pair and yields
to=(M;.M;)=(A+ B).(A + B)= B = Y;[Fig. 3.34 (¢)]

(iv) In maxterm M, and M; can be combined together to form a pair and yields
to=(M,, M;)=(A +B).(A + B)= A =Y, [Fig. 3.34 (d)]

The maxterms Mg and M; and M, and M, does not form a pair, However all

e maxterms My, M, M, and M, can be combined to form a quad and yields to the

Miput as logic 0 as given below. [Fig. 3.34 (¢)]
Ys=TIM (0, 1,2,3)
=M. M. M;. M, P
=(A+B). (A+ B).(A +B).(A+B) il
~(AA+AB +BA+BB)(AA + AB+BA +BB)

=[A+A(B+B)).[A+A B+B]

oy e - (Elimination of B)
=(A+A)L(A+A
_i ; ) (A ) - (Elimination of A))
=9 8
: i ; can directly, be eliminates the
1Fhl1_;‘ij‘!rlllamrto SOP minimization, the pairs ”‘iﬂmm-jmm observation is

les in POS minimization. In addition to : yaoat
o € combination of maxterms (in the bf;:t];o:fom ot q"fa;::g;‘“ the
3 “Mentary o in case of the com 1€ terms lowing
wplkes 2 hle K-map.

shows the possible grouping in POS or (%0 YArE2E
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A
BN 0 1
o’pl_|
11003
1 0
A=Y,
(a) A
BN, 0
o0 [?
1 3
1

A=Y,
(d
Fig. 3.34 : Grouping of Maxterms for two variable K-map

The ¥, ¥, Y;, Y, and Y are the reduced output depending upon the grouping
of different cells.

(b) Three variable SOP & POS :- In three variable K-map, the number of
pairs and quads may be increased depending upon he minterm or maxterms present
in a given expression. To minimize the given expression. First prepare the K-map
and than see the grouping in the form of adjacent 1s (SOP) and 0s (POS). In a three
variable K-map, there are eight cells and each minterm or maxterm have all the
three variables. When two minterm of maxterm combine together, they will forma
pair. It results to the elimination of one variable. Combination of four minterms ot
maxterm results the elimination of two variables, The following possibilities arein
three variable K-map.

(i) Pair :- A group of two adjacent 15 (SOP) or 0s (POS)

(if) Quad :- A group of four adjacent 1s (SOP) or 0g (POS)
it okl o actec P °f B8 adiscnt 15 (SOP)or 0 (POS). Some auhor
new:l: l:se :;azz::;_cd that grouping of variables js cither horizontal or vertical BV

c 00 o 1 quad

10

Octel
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E i d by the combinay; -
[he pair forme ation 0[m|merm ; : a
g 5 Known as fod back g ormaxterm (0, 4),(1, 5) (Lefimost
sinl!"iﬁcaﬁan with pair; quads and octels, (SOP)
(a) Pair : Let in a expression m

» and my, minterms are combinz to each other
-

gan; ¥ = Tm(2, 6) N
Y =mytmg
= ABC +ABT
=(A+A)BC
v=BC -+ (Elimination of A)

The other pairs can be simplify in the same way.
(b) Quad : Let in a expression the minterms m, m;, m, and m; are combine
together. Since it is a open folded back quad. So,
Y=Zm(0,1,4,5)
Y =my+myHmytms
ABC+ ABC+ABC +ABC
A

[}

-+ (Elimination of A)

. - 4 . 0 m
Hence, it is clear that a quad always gives a single variable. The other g

can be simplify in the same way. s : i £
© Ocralf-.yln which all the minterms combine together and gives the output.o

S B
expression as logic 1. It gives the elimination of all the three variablzs.
Y=%m(,1,2,3,4,567) A
=m0+m|+m2+m3+m‘+m5+ms 1_ _C
- ABC +ABC+ABCH ABC+ABC +AB_
AB(C+O)+ AB(C +C)+AB(C +C)+AB(C +0)
= AB+AB+AB+AB
o T +_B)+A|;E+B) . g
=A+A
=1 v

+ABC +ABC

o
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Simplification of logical expression with pairs, quads and octels (POs)

(2) Pair: Let in a expression M, and Mg I combine together they
variable will be omitted from the expression as follows.
Y =TIM (2. 6)
= M,. Mg
=(A+B+C.(A+B+C) St
—AA +AB+AC+BA +BB+BC+CA+CB+CC
=0+AB+AC+AB+BC+AC+BC+C+B
=AB+AC+AB+B(1+C)+AC+C(B+1)
=AB+AC+(A+DB+(A+1)C
=B(1+A)+(1+A)C
=B+C
g (b) Quad : In th_c same way the quad formed by the maxterms, My, M, M
5 gives the expression in one variable (Elimination of two variable) .
Y=TIM(0,1,4,5)
:S‘ +B+CL{A+B+C)(A+B+C).(A +B+C)
Th i i
e g B R
: rm a octal, all the either maxt i i
the result as logic 0, here, all the three variables el iTjnste?mbme i
Y=IIM(0,1,2,3,4,5,6,7) :
_={]}'Vfﬁ M,. M,.M,. M,. MS'MG‘M?
The output of the ex i i
: pression inati
complimentary to the combination 0‘;’:“]]1 e ution Pk ([0
(¢) Four variable SOP & pos i

There are sixteen cells j
j s in a four variah|
and octals is more, B i able K-map. The possibili irs, qu
: ut again it r_iepends upon the minterms or mﬂm fm?lai:'ﬁ!;

Ong

.
4

are present in the expressi !
on that leads
maxterm are present th 10 the ou :
P  Output of the expregjon ;I:)ut as logic 1 and when all
5 1o logic 0
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Here, the number of folebd back pas

quads and gege| is also more.

AB
Cb\\ODl 0 1 juad, N\
AL Tm T34
1 173 - —Oxtel
01
3 7 15 11 |l
11 Ho pair
2 6 14 10
Quad

Fig. 3.35 : Various possibilities of pairs, quads of octal in a four
variable K-map.
In a three variable K-map, there is only one possibility of octel (all the minterm
ormaxterms combine together). Instead of this, ina four variable K-map. There are

tight possibilities to form a octel. They are as follows.
Table - 18 : Grouping of octals in four variable K-map

chsibilﬂ}' Combinationof |
No. Cell No.
(0,1,3,2,4,5.7.6)
(4,5,7,6,12,13,15, 14)
(12,13,15,14,3,9,11,10)
(©, 4,12,8,1,5,13,9)
(1,5,13,9,3,7,15.11)
{3,7,15,11,2,6,‘14,10}
(0,4,12.8, 2,6,14,10)
0'1'3'2’3’9'11’10 while in POS we are
o ith adjacent ones, whi -
#eg;?lfil;:es cflsfo“pins is Sat'f“e I::d(;mmm:iiohl’;
umber of groups for @' pa
sofind T bl 18 Also two adjacent

[ T I S I

‘i

For SOP expression We
ling with adjacent zeros-

and POS expressions. One can Al the

E:::Sﬁu'eeor four variables K'mﬁymjmtl;uiﬁ make 8 quad and two adjacent
(Zeros) makes a pair

Quads make a octal.
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Simplifications of four varia : mi
(a) Paif4~A large number of possibi
One pair of minterm or maxterm reduce
Let (SOP) Y =Zm (0. 1)
=1y + m
ABED+ABCD
+D

(D +D)

ble K-map (SOP & POS)

d the expression by one variable,

[
ol
& gl

B
B
B

aM(0, 1)
M, - M, B
=(A+B+C+D).(A+B+C+ D)
(A+B+C)+DD
(b) Quad : A quad reduced the expression by two variables.
Let (SOP) Y =Zm(0,1,2,3)
=My +my +my +m;

=

For POS ¥

g
=/
+

2=
[w=]
(9]
]
+
=l
=]
]
]
+
=1
=]

c

o

(5_+_D)+EEC(D45)
+ A BC

[gligll

(@]l

BB B
+
o

D W

for POS Y =IIM(0,1,2,3)
=My M. M,M; =A+B
(c) Octal : A octel reduced the expression by three variables
Let (SOP) Y =Zm(0,1,3, 2,4,5,7,6)
SMpTm tmy+my+m, +mgt+my +mg
=ABC(D+D)+ABC(D +D)
+ ABC(D+D)+ ABC( D +D)

13
-

!
o=}
+

e
W

In POS,

-t
g 1] é mn
;Eb»l:n-
&8
o
= (2]
S
o
=
&

For all minterms (SOP)

Y =5m(0,1,2,3,4,56,789
_om6.1,2,3,4,5,6,7,8,9,10,11,12,13, 14,15)
‘In0+m|+...,m|5 2‘

Y=1
For all maxterms (POS)
Y=NM(,1,2
- ' hdy e 15
Mo My e

litics to form a pair in four variable k

-~ (Elimination of Dy

sl Elementary Phl'&lc
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< Mapping of K-map from Truth tap)e sl 189

5.3-3['_.“ a given truth table, the output of |
pination of vgrlahle; is available, The inatio , -
o e Ry K T i e s i O
bhﬂi or marks w‘;g;][{(?:cm)- The pairs, qiiﬂr:Zﬁi’l’;:iﬁ":ﬁﬂﬁfﬁrﬁ :::m el
+cent ONES 1M & map. ¥ using
o For POS K-map, the available maxterm is marked with 0 in the K.
Y =AB + AB (sop)
nd 3 are marked with 0 ang cell number 1 and 2 marked

ogical stage | o
3¢ Comb

iven try

orresponds to various

map.

: T'hf cell number 0 a

with 1. o o

Let Y =AB + AB (S0P}
AlBTy A

'D 0f0 P 11

wilaels of o | 1

& 1 folx] 38 P

il %o i B

Truth table K-map

Y=(A+ B).(A +B) (POS from) _
As wfe know];hgl the minterm is marked with 15 and maxterm is marked with 0s.
For,Y= A BC+ ABC +ABC +ABC(SOP)
Y(A, B, C) =m; +my+my+,
: Table 19 : Truth table

CellNo. [A [B|C]Y
0 0oj0|0]0
1 ojo|1}|1
2- 40|10 (1) CABm o g311 -
o[t ST T T T
: _ e
PO [P 0 P ) L Il e
6 1{1|0|0
: 1[1]1 5+C)(A+B+T
POS - ”Wngmle4A+awltA+B+C3.‘A*B+C"
form of the above exp
(A+B+c) S For the following truth table we
: arked with 6108 that if only ones are
mﬁe:mmth;m wﬂ':;eo':ﬂ‘ In aK'maP’\lt is und.uSle



Elementary Physicg

B oy all are treated as zeros, [ =
o sells are empty and they oy
remaining cells are emph E ! ifeoa
entered, lhe: red. then remaining cells are empty and they al [. a:,l treated as ones
A eTaiJIe 20 : Truth table and K-map (four variable)

el No Tnputs L

A|B|]C|D L
EEEENEE N
1 0 0 0 1 0
2 o|0]1]0 0
A ENERENE g AB
1 Dj: UNEUE S e 001110
5 | 0 12 |8
6 |01 [1[0O 0 By
7 0] 1 1 1 1 011 51 13 91
8 1 | @] 0] 0 0

3

g Jijojola] 1 |. u [1p 1
10 [1]0]1]0 0 2 |6 |14 (10
11 T | 0|1 |1 0 10 1
I3 [T | T 0|1 0
% |1 | T3]0 1
HETEEERE 1

The value of output Y (either 0 or 1) for each cell number or row of truth table
must be entered in the corresponding cells of the K-map.
Simplification by K-map

As we discussed earlier when one or more variables appear in both the
complemented and uncomplemented form within a group, than these variables can
be omitted. However following steps are to be taken in account to simplify the
expression using K-map.

STEP 1 : First of all construct a K-map for a given number of variables.
. STEP2: Now, enter the ones in those cells for which the combination is available
in the expression.

STEP 3 : Check the map and marked these ones which cannot combined (0
form a group. These are singles,

STEP 4 : Now, look upon the adjacent | i f pair,
quad or octel. Jacent ones that grouped in the form of paif

th STEP 5 : Use oniyl minimum number of groups, for the first see about octeh
en quad and finally pair, It is possible of over lapping of groups for common ones:
STEP 6: Now omitior eliminate the repeating groups.

STEP 7 : At last write down the expression of logical sums for each group:
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5 Don t Care c“""’i'lalluns 191
i (pon’t Care Clndltinns)

the Combinag;
i i " .
pence these unspecified comp, na“““"‘”"'*'aﬂablcsmno'tspcciﬁed

: ations of yarisr: .
. binauons.Apm't from the “Ompletely or pregs ariables are called don't care

com me minterms or maxterm for i ely minterms o maxterms, there

be 5O the i .
¢ . Therefore the dop’ .~ " output is of no important
uence. Th don’t care combinations are stands for incumpfcmell}'

SPedﬁed comb::;l;?tﬁ?imgames' The don't Care conditions or combinations are
gmaaﬂ)' dennh dl o (srnal_l D! Or ¥ (cross) or ¢ ( Phi). For simplification
ysing K-map, the Con't care combinations arc treateq a5 logic 1, if it is useful to
ductions of the eXpression or otherwise it may be tregteq as logic 0 and left behind
ina sum-of-products (SOP) K-map. Further these dont® care may be treated as
logic 0, if it is useful to reduction of the expression or otherwise may be treated as
Jogic 1 in @ product of sums (POS) K-map,

Now, it is clear that the don’t care combination may be taken either 1 or 0
depending upon the simplicity of the process. An SOP expression with don’t care
¢anbe converted into a POS expression and vice-versa. The following example can
help you about better understanding don’t care combinations.

- + sy S sy e -t

s T L e S

ree inputs.

-

B Example-1. Show the EX-OR gate with th
Sol. : The output of tw oinputs EX OR gate is,
Y(A,B)=A@ B
= AB+AB
For three inputs the output will be,
Y(A,B,C)=[A®Bl&C
A®B @ C=(AB+AB)T + (AB+ABC
- (AB + AB)C *+(AB +ABX

=ABC + ABC +ABC

- a1 di of a three inpout
SO, two EX-OR gates are used to peclforﬂl the ]Uglﬂ] jagram
OR gate. It is shown in fig.
X A®B
B:) C y=[A®B]&C
C
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® Example-2. Rellse the circuit diagram of (3) NOR gate by nsm
NAND (b) NaND gate by using only NOR gate. }
Sol : (a)
A

i
B Example-3. Determine the logical equivalent of the fullc-wing
expression.
(a)A®1 bBIAS0 (cV)A®0 (dMA®0
Sol : (z) A@1=AT+A.1
=A.0+A.l
=0+A
=A
(b) ABO0=A.0+A .0
=A.1+A .0
=A
(c) A®1=A.T+A.]
=A.0+A.1
=A
@ ARO=A.5+A.0
=A.1+A.0
B Example-4, Realize .
Mop: T the EXNOR gate with (a) only NAND (b) ouly
Sol, : (a)

A
- y=AeB ,
B:Doﬁ_. -
B y-AGB
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A
B

M““"Gn to Logic and impjep,
o =5

/[h]

_«ﬂ
p
g Example-5

aly NOR
sol. : (a)

A
Y=A®B
o

b .

Ry | x ] "
A: :I: y=AS® E
d B

® Example-6. Write the expression of the following switching diagram,

and realize its logic diagram.
C
R
“_j@B
+ 1 -

B
; - 1
Sol. : The series combination of keys is‘expressed by AND gate and paralle
combination by OR gate. s

193
y =A%}
=AQB

- Realize the cireyjs of EXOR gate with (a) nuly: NAND (b)

=ASB

50 Y =[@C0) +ALD
: =[A¥(BO).D
A
B L
! . )
AND circuit of
m for the NAND-N :
® Example-7. Show a timing diagr [Raj. 2006]
the following circuit
B ;
-
D
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Sol. : In the above NAND- NAND cmullq‘tlnm are four inputs, huﬁ . Flﬂmple-ﬂ. Reduce the follon With Logic
total numberofpo';sahfc combinations will be 2 24 = 16, The truth table of the o ”H: QOR (i) P+Q+ ing Using bool, 195
will e : - g f )P Q'+ R iy pp , +00 4 thearems,
,:—'"rp—rTfﬂL'omfp'-" ] f*’Q+FQR MPOQR Wy g, &
ra IS K Y Time Interval : (i) PQQR *Q+Rr
0ol o] oo 0 g
lo|o] of 1] o :O :Q'Q'R
| | ' =PQR  AA=A
0| 0|| 1|0 0 t [;.)P+Q+Q+R Any,
g ad L | t =P+Q+ A+A=A
. — R
-gi 1| ] 0 4 i) PP +QQ i
T 0 1 0 t =
(& 5 =040, AR =0
SRHEERE
t 0+A=
,illo 00 0 tj _ =Q Ans, 2
[1]o]o]1] o : () PQ + PQR
[ 1 ’ o 10 0 ¢ : E
Lit gl a0 " 10 =PQ(L+R) v 1+A=1
111l e 4 _ =rQ Ans.
0 1 s (v) PQQR
1 1 1 0 tl} 2 A
1 1 ts =0 Ans.
iv) P+ O
Truth Table ERFTU R L
=P+1+R A+A=1
=P+R+1
=1+(P+R) vl+A=1
=] Ans
¥ Example-9. What is the reduced form of the expression
S — e
(A+B).(A+B). [Raj. 2004]
B A ——
. Sol. : Since, Y= (p,»,_aj.(mi) ~A+B=AB
-ABAB A=A
1 3 2
Tl 1 11 v "IPMF'B AA=0
o't 't 't I L e o 0] output
3/t tgl W'ttt dt gt - =00
Y=AB. CD . -y
; ; . u + AC+ABC (AB+C) using
Time disgram | gy, Example-t0. murr-"‘”"" AT Rai. 2000
“an theorems.
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) Elernentary P n to ngi‘é ‘and Im
«yaeoals i 1 J
. aace! hl!‘!e;_ rIw.,,mcﬂ“‘ P e mentation with |
e :F\-’J'(X +B). (A +B) 197

Y=AB+AC +ABC(AB+C) _ % _
“AB+AC +ABC.AB+ABCC BB =0 - st l9+ﬂA+B.B i
=AB+AT+ABBC+ABC RV =KB+A§?[:;+B AR =0
:AB+E+&§C~ zis : =B(A +A)+p
=AB+A+C +ABC A =R‘+‘C‘ ; =P:.i+|3 _ wA+A =1
=AB(C+T)+ A +C +ABC =B+g TA+A=A
={‘BC +iBC :A Bf i A:F.‘ % unfhaale Cvees i g Example-12. Realize thfci::i?:r ‘EX-OR’
= AB(C+CHABC+A(B+B).(C+C )+ C(A+A)B+B) .| yolean theorems by using only, gate with the help of

= ABCABT+ABC+ABT+A B T+ABT+ABC +AB | (5 NOR gate (b) NAND gate a
; Sol. : (a) We know that the output of ‘EXOR’ gate is,

=LAB o g
¥ Example-11, Prove that ) : il
9 iﬂ"ij A'E?*.E =AA+AB+ABBE "' Tlaz-o
(i) A.B +_-.-|.-.B+_A.B =A+B =A(I+§)+B(‘A"+‘§} - Fala
et o | ~(A+B)A+B) ;
(v)¢A+B).(A+B)=B = ; i
: = (A+B ' c A=A
SoL:()A+AB +A.B (A+B).(A+B)
Bty i.A(l+ B) AR’ = H+A=] Y =@A+B)+(A+B)
L =A1+AB : This is the required expression and the logic circuit will be,
THRLEASTB L T T pean z
st . =“A+B Proved :
(i) AB+AB+ A.§ __ o Fa
et oo ) 3 6
CMRisEE : B
=B,! ‘I'E'__B_ f : m
“B+AB : ' A+A B =AB - B T S
G o T4EB Proved) ' Fig.:EXOszfﬂﬂ'Y_':gR” Yt g
ﬁfDAB+BC+ Be A j m‘E:Rﬁdercanveﬁb'itb?‘?ﬂ“gmm._'-” ;
=AB+C (B + B) o At Al aé&b) PR A
TARACE ' OAgain, ¥ AP +'_‘Ef-"—3+n§”
CABC P AR AR BB
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= (A.AD) . (B.AB)
ired :xpressmn and for this the Ioglc circuit will be
AA. B

Which is requi

_ B.AB
Fig. EX.OR by only NAND

# Example-13. Prove the following using boolean theorems,
() AB+ AB+ AB = A+B

i) A+AB+AB =A+B
(iii) ABC + ABC + ABC + ABC = AB + BC + CA
Sol.:(()AB+ AB+ AB=(A+A)B+AB
=B+ KB
=B+ A)(B+5)
=A+B

{ii] A+ ;‘:B"“AE =(A+A§J+KB
=A(l+ B)+AB
=A+AB

=(A+A)(A+B)
=A+B

ﬁﬂEBC+A§C+AEE+ABC=xagﬂﬁcﬂu”5+m
= ABC+ABC +AB
=ABC+AB+BC)
= ABC+A® + B)(B+C)
=ABC+A(B+()

-

Hence Proved

A+A=l

Hence proved

45

wd“‘tion to Logic and 'mm“'“ﬂnlatig
[ k N with Logic —

ABC+AB+AC
(AB+A)C+AE

AT A+
B
:(A+B}C+AB IC + AR
_AC+BC+AB
=AB +
g Example-14. Realize the logic up::;:::ﬁ Hence Proved
Y= AGBB@CG?]}usingEx_(mg‘m
Sol. : There are two possibilities of Reahm,m

A A@B
0] e
oy oRer
B
—

cucé : cen

B Example-15. Make a 4-input NAND gate using 2-input NAND gates.
Sol. : Let A, B, C and D are the four inputs and Y be the output. Therefore,

Y=ABCD
¥ =(A.B)(CD)
=(AB).(CD)
—mmmm
=Y., Y,=(AB)&Y,=(CD)
Y= YI'YZ
The realization will be,
Y
Bo -
Co o
: e jon Y= (A+
of the express
b E“mple-lﬁ. What is the | Nd‘“’d form 0 _ [Raj. 2007]
B),

BA+AB+BA+BB
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=A+AB +AB+0
-A+A(B+ B)
=A+A
=A Ans.
® Example-17. Find the compliment of the expression of .
Y=A+BCD. [Raj. 2006]
Sol. : Y = A+BCD
Y = A+BCD
Y =A.(BCD)
= A.(B+C+D)
Y=AB+AC+AD

B Example-18. IfAB + A B = C, show that AC+AC = B.
AC + AC= A(AB+AB)+A{AB+AB).
=A(A +B) (A+B)+AAB +A AB
=(AA +AB)(A+B)+ AB
=AB+AB+ AB
=AB+ AB
=(A+ A)B :
=B Hence Proved
W Example-19. Prove that AB + C(A+D)=AB+BD+ B D + A CD,
IfAB+CD =0.
Sol. :

Sol. :

LHS.=AB+ C(A +D)+0
=AB+ C(A+D)+AB+CD
=AB+ AC +CD+AB+CD
=B(A+A)+D(C+T)+AC
=B+D +AC

R.H.S. =AB+BD+BD + ACD+0

C

=AB+BD +B D+A CD+ AB+CD
'B‘“AHBMEE ACDD
=B(1+D+BD+ATD+CD
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ﬂad”“ﬁon to Logic and Implemema\ion wi
| ith '-Ogic Ga
tes

T —— T T ST

_—B"ﬁ-[‘jq.xﬁnicﬁ
=B+ FLs=
D nCI)+Cn
BtD(l?LJ_KED
_BFH?DKE
=B+PiT=
|«? AC : A+AB=A+B

=L}
g gxample-20. Simplify the I'ollowmg logical circyjr. Hem S
]

C
B '
D o
Sol. : From the above circuit, the expression will he.
Y = (A+C).BD.(A+C).BD
=[(A+C)+BD)(A+C)+ BD
= [(A+C)+BD}{A+C]+BD

BD+(A+C).(A+C)
- (A+B).(A+C)=A+BC

®
=l UI"

ABIC

i f [AB(C+BD)+
® Example-21. Find the reduced form of | {Raj. 2005]

Sol. : : ! . =[ABC+ABBD+ ABIC
~ABCC+ABC
-ABC+ABC
-(A+IJ§C
=BEC
+AB+0) +
, E“mple-zz. Fmd the reduced form of AB

+AC+BB+BC
Sol.; ’ﬁ:ig»,mac
AB+Ac+B(1+C}
:AB+AC+B
,M,:-s-B(“""tJI
=B+A‘Cm +

B(B+C)
[Raj. 2005]

(R Tt e T,
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® Example 23. Expand the function Y= A +B to minterms or stangq,,

i i iagram.
sum-of-products and draw ifs Io.gicall‘lfh::f
Solution. As. the given expression 153

A is the variable and the variable B is not present, S0 it g mulnp_l I?d by(B+3 ).In
the second term B is present and the variable A is missing, so it is multiplying by

(A+A). Hence.

y=A+B=A.1+B.1
=A.B+B)+B.(A+A)
-AB+AB+BA+BA
AB+ AB+AB
01+00+10

=m, +my+

=xm(0, 1,2)

non

Alternative method

Solution Y=A+B=AX+XB
=0.X+X.0
=0.0+0.1+1.0+0.0
=00+ 0.1+1.0
=AB+AB+AB
=Zm(0, 1,2)

=
=|
]

Y= Em(ﬂ, 1, 2}

8 Example 24, Write the truth tale of the boolean expression,

Y(ABCD)=ABCD + ABCD +ABTD + ABC D

and draw its logical circuit diagram, i

Solution : The abo i i i
are available, Out of i expression has 4-variables. So 2¢ =16 possible combinations

47

Elementary p"hlc‘

o-variable function. In the first gy,

A
ol ©
0 0
0 0
g . : ! m, EECD 0
0 1 01 0|m [ABTDH 0
o| 1} O 1 m ‘HBED o
of 1| 1] 0 m |ABCD 0
ol 1 1 1 | m, ARCD i B
l 0| 0| 0|m |ABCD b e
1| 0| 0] 1 |m |ABCD 0
1| o 1| 0 |m, [ABCD 0
1 0 Lot ek ARCD 0
1 1 0] 0 |mp, ABCD 0
1l 2] ol adlms . |ABED 0
t{ 1| 1| 0 |m, [ABCD 0
Ll 1 1 1 |m ‘ABCD 1 —
In term of minterms, Y = my+ mq + Mg ¥ M5
Y=2m(0,7,8,15)
Logic cireuit =
&§s§caoﬁ
SRS nys
- y = Em (0,78,15)
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® Example 25 : Expand the following logical expression {0 minterms 4,

maxterms, then draw their logical til.‘-l:_llil diagram.
Y(AB.CD)=A+BC +ABD + ABC]? .
Solution. Since. the above boolean expression is a four-variable SOp logica)
function. In the first term. the variable B, C. and D are not present. So we have (,
convert the expression in standard sum-of-products or minterms. For this, we have

to multiply it by (B+B)(C+ C).(D+ D)
Hence. term [ will be,
A=A.B+B)-(C+C)®+D)
=ABCD +ABCD +ABCD+ABCD +ABCD
+ABCD+AB CD+ABCD s}
Similarly, in the second term. BC, the variables A and D are not present, so jt
is multiplied by (A + A )+ (D +E}.
Hence term II. will be,
BC=BC(A+A):(D+D)
=ABCD+ABCD + ABCD+ ABCD wel2)
Inthe third term AB D, the variable C is not present so it is mulitplied by (C+C).
Hence term II1 will be,
ABD =ABD (C+ T)
=ABCD +ABTD .3)
The forth and last term ABCD contains all the variable A, B, C and D. Hence it
is itself'a minterm, so
Now, combined all the terms using equation (1), (2), (3) & (4) Y(A. B, C. D) =
A+BC +ABD + ABCD

=ABCD + ABCD +ABCD +ABCD +ABCD
*ABCD +ABCD+ABCH 4 ABCD+ ABCD
Y(A,B,C,D)=m|5+m]4+m|3 +mu+m"+mm

+m9+m3+ms+m
=Em(4,5,8,9,10. 1!, 12.13’]4.15) 4

48

o above 4-variable standarg

~of
15 term. Out of them, 45 ¢ | Producy “XPression, there are

205
2 =16

Juc . s %00, 11,
& fore the corresponding Maxterms wjj) be 0, ] Ig' 15 are the minterms.

E::enlation will be,
Y(A,B,C, Dy =
) Mo M,. M,. M, Mg M,

. i =TIM(0,1,2,3 .7,
Logical circuit diagram of equation (S)will be.

=
>|
o
. 0|

CCDD
L

. the above gxpression,
Equation (6) respresents the maxte:mﬁ ")t;‘d‘.'
Y(4, B, €, D) = My M Mz Vs Mﬁan} A+
=(A+B+T+D)(A+B+C+ DA

: : (A+§+C +D) .

; jon (6) will be-
hence the logical cimuit,ﬁwof@_. g

B+C+D)

» 3,6, 7 and hence their

then,

{A+E+-C_+_ﬁ)
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}T—}Y

=
iz

]

The alternative method to solve, the above problem will be,
TermI:-A=AXXX=1XXX

=1000+1001 +1010+ 1011 + 1100+ 1101 + 1110+ 1111

=mg + g+ g+ ay gty gty wnl(1)

Term I1 :- XBC X = X10X
=0100+0101 + 1100+ 1101

=y titg g+ g w2y
Term I11:- ABD =ABXD =11 x0=1100 + 1110
=my+mys il 3)

From equation (1), (2) and (3)
g s g it Ryt g Fimyg myg s
=£m(4,5,8,9,10,11,12,13,14,15)
Hence, the maxterm notation will be,
Y(A,B,C.D)=TIM(0, 1,2,3,6,7)
B Example-26. Express I-I_le following boolean expression,
Y(A,B,C)=A+B C
in (i) standard SOP and (i) standard POS form, Also, show their minter™
and maxterm notations,
Solution : Standard SOP form
Y=A+BC
Above cx‘}:ln_esion is‘a I]‘m:e variable expression and in the first term two variabl®
BandC arc mlssrrlg, whlIf;: n second term the variable A js missing, So b}' immdl”i“‘
these missing variable using the boolean property, A + H i y

49

v A+A=A

The above cquation s the standarg SOP form of the given expression. Now for

minterm representation,
Y{A,B,C}': m?+m6 +m5+m‘+ml
=m, +m4+m5+n16+m?

Therefore, Y (A,B,C)=Zm(1,4,5,6,7) Ans.
(i) Standard POS form’
Y =A+BC
=(A+B)(A+C) .+ A+BC = (A+B) (A+C)
Now the first term contains two literals, and variable C is missing, while in
second term variable B is missing, so by introducing the missing variable using the
property AA =0.
Y =(A+B +CC)(A+BB +()
Y =(A+B+C).(A+B+C).(A+B+C).(A+B +C)
=(A+B+C). (A+B+T) (A+B+C)
The above equation is the standard POS form of the given expression Now, for
maxterm representation,
Y (AB,C) =M, M;* My
=My M, M;

Therefore, = Y(A,B,C) =M (0.2.3)
' ion in i rd POS
® Example-27. Express the following expression i its standa .

w AtA=A

Amns.

H % ; E
Y (A,B,C)= (A+B) - (B+0)* (A* . porearc teos s coch e
Solution : n th above e v o, Thescare C, Aand B pecively,
"quired a addifionallteal to form sS4t
So(-. AZ =0) &
Y(ABC)=(A+B)- BHC) A=
= (A+l?4{l);(3+°:‘2;%).w5+3§)
= (a+B+CC) B0 :
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[-- A+BC = (A+B) - (A+q),

= (A+ B+C)- {‘.\g-ﬁ +C)* lﬂjﬂ"f)
(A+B+C)- (A+B+C) - (A+B+C)
1 [ A+A = 4
= (A+B +C) - (A+B +C) - (A+BH0) (A+B+C) (A+B+C)
This is the standard POS form.
Y(A.B.C) = My"M;" MM, Mg
= MyMyMyM, "M

Y =TIM (0.2.3.4.6) Ans,

B Example-28, Given the logical expression.
Y(A.B.C) = (A+BC) . (B+C A)
(i) Convert this equation in Sum-of-Products (SOF) form and in Product.
of-Sums (POS) form. [Raj. 2004, 2007
(ii) Design the circuits with only one type of gates correﬁponding to
SOP and POS equations obtained earlier. [Raj. 2007

(i) Convert the above SOP and POS equations in standard SOP and
standard POS forms. [Raj. 2004)
(iv) Write the above standard SOP and POS equations in the form of
minterm and maxterm notations, [Raj. 2004]
(v) Simplify the above SOP and POS equation in standard SOP and
standard POS forms. [Raj. 2007]
Solution : (i) (a) Sum-of-products form :
Y(A.B.C) =(A+BC).(B+CA)
=A.(B+CA) + BC(B+C A) \"—J RtRC B
=AB+AC c
+ﬁCi+BCB+BCCf (ﬁ+g) -(MCJ
=AB+AAC +BBC+BCCA
(~AA=A;B-B=B;CC =0)
Y =AB +AC+BC+)

Y = AB+AC +BC Abswer

(b) Product-of-sums form
Y = (A+BC). (B+C A)
(Distribution law : A+BC = (A+B) (A+0))

mducﬁon to Logic ang Implnmentatlun
Y = m+mm--(:;m:-ﬁ';
) Circuit Realization ysjy,
(a) SOP form realizatig
We know that.
Y =AB+AC + Be
—_—
Therefore, ¥ S ABACKRC

= AB+AC-BC

With Logic Gates

209

Answer

{ii 8 one type of gates,

n using NAND gates:

— (De Morgan theorem) .. A+B=A-B
Therefore, the logical circuit will be only one type of gates, (NAND).
: A
o
P s
e —
c .
Figure . Circuit Relization of Y using only NAND gates
(b) POS form realization using NOR gates,
We know that, o
Y = (A+B).(A+C).(B+C)
Therefore y = (A+B).(A+C).(B+C)
* —_— C Morgan thereon)
= (AB)+{A+C)+(B+C)  (DeMow
=T .- AB=A+B
Y = F-{a+8)+(A+CQ)+(B+C).
t)‘pe Ofgale: {NOR)'

Therefore, the logical circuit wil- be only one

Y =(A+B) (A+C) (B+C) (B+A)

50
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(iii) (a) Standard SO

P term : we know that the SOP form of given equatiop ;¢

Y =AB +AC +BC
ree variable expression and above three Producy
0. to convert in sland_gnl form we have
At+A =1.

Since, the expression is a th
terms does not contain all the three literals s
to introduce the missing literal by using the boolean theorem

y =AB+AC +BC
=AB.1 +AC.1+BC.I
=AB(C+C)+AB+B)C +(A+A)BC
_ABC +ABC +ABC +AEC +ABC+ ABC

Y =ABC+ABC +ABC + ABC Answer

(b) Standard POS form : we know the POS form of the given expression js
Y = (A+B). (A+C). (B+C)

A_ga‘in. to convert above expression in its standard POS form we have to introduce
the missing literal by using the boolean theorem A A=0.

Y = (A+B) - (A+C) - (B+C)
= (A+B+0) * (A+C+0) * (B+C +0)
= (A+B+CC )" (A+C+BB)- (B+C+AA)
= (A+B+C) - (A+B+C) - (A+C+B) - (A+C+F)
(B+C+A)- (B+C+A)

a . "+ A+BC = (A+B) (A+C)

=(A+B+C) (A+B+C )+ (A+B +C). (A+B+C)
. Commutative law -, AL A=A

v =(A+B+c;.(A+B+E).(A+§+C).{AT+B+E)

(iv) Minterm Not. )
otation : We know that the s
Y =ABC+ABC +ABC + Flacmndard =
=My Mg +my +my |
=m3+m¢+m6+m7
‘ Y =Zm (3, 4, 6,7
(b) Maxte, ion : i
rm Notation : We know that standarg POS form of the expression
€Xp

Y = (A+B+C)* (A+B+C) - (A+B +q)

-__Mﬂ'M]‘MQ'MS '(A+B+E:I

51

- duction to Logic and Implelﬂ&ntauc
: N with
Y =I1M (0, I?Q?S)

int

Logic Gates _—

Answer

Simplification of
m @ standarg §
We know that, OF form:
Y =(ABC)=m,
So, using K-map.

AB
N
00 01 11 19

o B P
7 2 +> Pair 1
5
1 - » Pair 2

There are two pairs. Pair (m,, mg) eliminate the literal B, while pair 2 (m;
climinate the literal A. So, the simplified form will be, P

Y =(my+mq) + (my +mg)
=(ABC+ABC)+(ABC +ABC)
= (A+A)BC +AC (B+B)
Y =BC+AC
(b) Simplification of standard POS form : We know that,
¥ (A, B, C) =My M, " My* Mg
So, the K-map mill be,

+m, +
My +mg + m,

Answer

Pair 1

AB
/01 11
T

0

1fi g
-t_— Pair 2

Here, also two pairs. Pair 1(Mo: M2) and pair 2M;.

Y = M. M 'MS £ 4 "
=ﬁ0+3+3:)-(:q+§+c)-@+3+6)-[A+B+c)

— (A+C+BB)" B+C+AA)

M) gives the result.

- (A+B) (A+C) = A+BC

= (A+C+0)* (B+E ) Answer
Y= (ﬂ+c) . (B+f) y expression,
uced form of the [Raj. 2005]

® Example-29. Find ﬂ'_’_ “‘,i BC + ABC
YaB,C- ABC + ABC



Elementary Ph‘lsing

212 =
Solution : Y= A BC+ ?"_BE +AB C +ABC
=AC(B+B)+AC(BB) —_—
=AC.1+AC.I ok =1
=AC +AC
=(A+A)C
= E Alls‘
B Example-30. Find the sum-of-products (SOP) form of the folilowing
expression, .
Y(A,B,C)= (A+B) . (A +C) . (B+C) [Raj. 2004
Solution : Y = (A+B) (A +C)  (B+C)
=(AA+AC+B A +BC) - (B+(C) P
AA =g
= (0 + AC+ A B+BC) (B+C)
“ AB=BaA
= ACB+ACC+ A BB+ A BC+BCB+BCC
= ABC+AC+A B+ A BC+BC+BC " AtA=A
= BC{A+1)+AC+ A B(1+0)
=BC+AC+AB
Y = AC+ A B+BC Lk,

B Example-31. Find the standard product-of-sums form of a boolean
function F=Zm(0, 1, 5, 7, 8,9, 12) given in standard Sum of product form.
[Raj. 2004]

Solution : As we know that any standard SOP form can be converted into
standard POS form by converting the minterms into maxterms by their complimentary

decimal numbers, The given expression is a three variable function So, decimal
numbers will be from 0, 1, 2 el 1

F =Zm(0,1,5,7.8,9, 12)
Available minterms in the SSOP form are,
E= my+my +mg tmy +mg +m, )
So the SPOS is the complementary decimal numbers
13, 14 and 15. Hence SPOS representation will be,
F =M2-M3-M4'M M .M“.

6 10
F=1M(2,3,4,6,10,11,13, 14, |5)

sthey are; 2, 3, 4,6, 10,11,
M3 M M5
Answer:

8 Example-32, Find the canonical Sum-ol'-produm (SOP) form of the

following fun ction,

52

Bntat;, =
" an With :
Y(AB.C:D) = AB+acp Logic Gates
= .. BIA

notaﬂnn-

s T T

uﬂd"“ion to Logic ang Implem,

213

golution : To convert e Riven SOp;

ﬂ1isSi"g literals. SiﬂCi:. thcg'r\fun fune i:}_:’i:é“‘mical S0P
J(AB.CD) = AB+ACD i
=AB(C+T). (D+p),
= (ABC-!-ABEJ{IH'I?} "ABCD + A Ch
= ABCDH\BCE *ABCD+ABE [ *ABCD+AE cp
= ABCD+ABCH +ABC D+ARE D+ABcD

# Example-33. Express the following function into minterm and Ma

We have to introduce
¢ Cxpression, hence.

AB+E o

Ans,
xterm
Y=(ABCD =D

Solution : Since, the above function i
Her\e, Y=D=§Y=I]!D

(a) Minterm : = (A+ A, (B+E). (€+C).D
=(AB+AB+AB+A B)(C+C).D 2 A+A=]
= (ABC+ABC+AB C+AB C+ABC+ABC+A B C
+ABC)
= ABCD+ABC D+AB CD+A B C D+ A BCD+
+ABCD+ABCD
=T Oy R M o Famy
=Em(l1,3,5,7,.9.11,13,15)
(b) Maxterm Notation :
Y =TIM(0,2,4,6,8,10,12,14) ¥
W Example-34. Draw a logic circuit for the following Truth table given in
OP form.

a four variable function

BCD

=

Amns.

Inputs Output
0 0 0 0
0 0 1 1
0 1 0 (1
1 0 0 0
1 0 Lagic gl (55 This
1 1|0 I TR
1 1 1




Elementary Physq“
214 >
: ~egOP. So. the boolean exprege:
Solution : Since the output is in the form of SSOP. 5¢ NPression
will be,

Y(ABC) = A B C+ABC+AB C+ABC+ABC

and the logic circuit will be.

A AB B CC
v *r ¢

B Example-35. Evaluate the following SOP expression and find its
equivalent POS expression, _
ABC+ABC+ABC+ABC+ABC
Sol. : Since, there are three variable, So the total 2=8 combinations are possible,
Out of them five are available is SOP expression. Hence the POS expression must
contain the remaining three.

Y =ABC+ABC+ABC+ABC+ABC

=000+010+011+101+111 “(SOP form)
The equivalent POS will be, ]
=001+100+110
=(A+B+C). (A+B+C). (A+B+C) (POS form) _

B Example 36. Simplify the following expression by using K-map.
Y(A B, C,D)=Zm(L,3,578,9,12, 13)
Solution : Y (A, B, C,D) = m; +m; +mg+m,

+1'|;|B‘+1'|'|9 +myy +myy
K-map for the above expression will be,

4 1 B
o B |
l

o1l |t 51| 131)7 1

2
10 6 [ [10 ]

AB
CB\ 0001 11 10
000
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| ..—:m', +my + m; + .l:? ) The firy qum'ff; a;e?'““_q“ads formed by the
= ,:t_. ?éntﬁﬁcn FABTD+ 3y o
-ABD+ ABD o
= AD(B +B)
= AD
The second quad (12, 8, 13, 9) giveq 1)

=my3 +mg+mp; +m,
=A[i€_l3 +ABCD +ABCD+ABCp
=ACD +ACD
=AC (D +D)
=AC

Hence, the output will be (simplified)

Y=AD+AC

Since there is no further grouping is possible and no more ones are ungrouped.

However quad (1, 5, 13,9) is there but the ones of this quad are already grouped in
quad first and second.

B Example 37. Write the logical expression for the following truth table
ind (a) simplify it using K-map (b) Draws the logic diagram of the result.
Variables Output

Cell No

EEECEEEEEEEEEEEEE
P A

EEEEEEEREEEECEEEE

EEEEERERRCEREEEEE
EREEEECERREECERRE

F{:‘s;:;@ch"m'hmh‘“c
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2t lewillbe,
Solution : The logical expression of the “l“\’r 1:"ul1h :; e '

T 7 11.15) + =d (0. 2.
- Y(A, B, (_T D)=Zm (1. 3. t ]m i — :'\|3'3*v'1| fied completely, while
ecause the minterm my. M. My My w are don't care combinations, §

minterms my, m, & m ; are an specified. s0 they are e R s 0

the K-map of the above expression will be constructed by g 5 ¢ Specifieq

minterms and the corresponding cell numbers are 1.3 :." 11 .m(i_ 1: -:."\lho the cely

number corresponding to dont care combinations as 0. 2 5 ;lm:‘nmrkcr.l with * (cross),

By assuming these crosses as 1. there are two quads. First is formed by cells 3,7, 1

and 15 second is formed by cells 0, 1, 2 and 3. Now all the ones have been covereg

and hence, the reduced expression will be,

Quad 1 -
Y(ﬁBC;D]:mg-m] -rm2+m3 C UD Ol 11 10
—iE 00| [x
and Quad 2 or| (1] *
Y(A.B.C.D) =my +my+m; +my4
=CD 1yt 177
Hence, [y = AB+CD) -...(1) 10 j

A

B Y

Ce—

D=

The above problem can also be solved as,
AB '
C 00 01 11 10
00| x
o1/l 1 | =
s 1 R O |
10] %
Quad 1 Y(A, B, C, D) =M +m;+mg+m,
=AD
Quad2Y(A,B,C,D) = né&i; My +my; +myg

, il o)
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D

(= Y

>

Both the results (1) and (2) are poggipye ;4.
emuagls ST Pt G following logicay e:l;crziuﬁ:’n

Y{A’B’?‘ D}=ABCD+AE(_ZI§+M_3C+AB [Raj. 2004]
on a four variable Karnaug.h map and obtain it simplified “?mhi
Solution : To represent a given logical expression on K-map, it is essential to

epresent that in either standard SOP or POS form, The above four variable
expression is notin its standard form, so first of all we find it standard SOP form as

follows,

pon the selection of quads.

[y 1 m
Y(A,B,C,D)=ABCD+ABCD +ABC+AB i)
The I & I1 product terms have all the literals, but Il & IV do not have all the
literals, hence,

Y =ABCD + A’
= ABCD+A

D +ABC(D+D) +AB(C+C) (D +D)

D +ABCD+ABCD+AB
(p+CcD+CD+CD)

BC
BC

— ABCD +ABC D +ABCD +ABCD+ABCD +
ABCD +ABCD+ABC D
+ Mg+ myy +imyg +Myg T WM

=5
+my; Ty +my

=myg+mp+my F M

=Zr?1 (8,10,11,12,13,14, 15)

Equation (ii) is in the standard SOP from of the
Tepresentation will be,

.Ail)
above expression so, its K-map
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To simplify the expression we have (o find octels. quads pairs. Since there 15 ng
o simplify Apress wered by quads.

airs are <«
octal, three quads and p'{:; [ quad’3
CDN\_AB_AB rlL\ B .-\IJ
1

cb [1]
CD I 1
cD |T_1_ >quad 2
cf)’ 1] 1
quad 1 F\quadﬂn

Y =mg +mp, +my +my5 + oy, +m,4 +m|5
= (myy #mygFmygtmyg) £ (Mg +my Hmyy+mg)+

(mg +myy +myg +m,,)
Auswer.
B Example 39. Plot and simplify the following logical expression,
Y (A,B,C,D)=2m (3,4,5,7,9, 13, 14, 15)
by using K-map method. .
Solution : Since. above logical expression is a four variable (SOP) expression,
hence, its K-map representation will be,

C&B‘Lﬁﬁa AB AB
ol [4(]'12.8
ol F™ErD
CDSU_? 15?11
cz‘)E 6 [i4[fi0

For the above expression one quad formed by mj
2, ‘ Y mintems (5, 7, 13, 15) and four
ﬁ”c:‘::"gg'ﬁ;’““.‘“ % 7% .5),00.13) and (14, 15). Alsoal the ones of quad
> pairs. 50 the quad of th % the
simplified expression will be, ¢ above K-map can be left and

Y=m,+m +m. + m +.
Y )t et A

\' =(m;+my)+ (my +n15)+(m9 +my;) + (m,+ mls)

55

jh YA B G D) =m0, 3 5,0 % “XPression on Komap,
i) YA B G D) =aM (9,1 4 5 )
(iii) Y(A, B) = Zm (0,3)
(i"}Y(A’ B) =_1:M (0, 2)
Golution : (i) Since the logical eXpression i

_sandard SOP form. 8o all the minterms or Comespond: : 2
:_T;:E the K-map representation wil be ponding cell are marked with 1s.
AB

CD\ AB AB AB 4B
o’ F 2
o[t P [B1°
o R

{

D 21 6 |14 0 ;
et
Y =Zm(0, 2,57, 10,13, 15) —
ii i ion i jable expression, but it is in
ii) The above logical expressionis also a four va‘mb ;
msa)rd POS form. So all the cells of maxterms will be marked with 0s. Here the

K-map representation will be,

o, 14 i
=M (O L4 T is a two variables express
(iii) The logical expr:;sion. Y(A,B)= m (0, 3);;; minterms will be marked
e ¥
Also, it is in :tgmaard SOP form and the € :
W’[!h 1s. : 3)
bl L T

=‘mo_+'#3= AB+
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The K-map for y = Zm (UI. 3) e |
(iv) The logical expression Y(A, B) = [IM(0, 2) is a two \ﬂarlla e =XI:;1'ess1r_uul
and it is in standard POS form, So the corresponding maxterms will be marked wig,
Os.
Y =TIM(0. 2) = M. M,

=(A+B).(A +B)

A

BN, A A
2

Bl o | o

-1 3
B
The K-Map for y = TIM(0, 2)
B Example 41. Simplify the following four variable logic function using
K-map.
Y =(AB, C, D) = (A+B+C+D).(A+ C+D)(A+B+C+D).

(B +C). (B+C).(A +B).(B+D)

Solution : The above expression is a four variable function, it is in POS form,

but not in standard POS form. To represent this expression on a four variable K-
map we draw a table first that indicates the (s (zeros) entries of the corresponding
cell. For this it is to be noted that even itacell is involved in more than one terms a
0 (Zero) is to be entered only once.

Secondary, we shall see the possibility or grouping of zeros, to form a octel,
quad and pairs.

—

| S&No.| Sum term Cellsmarked with 0s
{' A+B+C+D A=0,B=0,C=1,D=1
' | A+C+D A=1,C=0,p=1
A+B+C+D  [A=1,B=0,C=1p=q| . .°
B+C B=1,Cc=g ;
B=1,C=1
A=0,B=1
B+D B=1,D=1
The K-map of above expression will be,
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%
AB 1

C

octel gives the resultas B while the quad 2 gives the
€+ D). hence. The simplified expression will be,
Y (A,B,C,D)=B.(A+D)(C+D)

B Example 42. What is the simplified boolea
map of the following figure.
cp :

CD CD CD CD

01070
0|1]0

=
=
=]

=1
=
=

AB[1]1]1]1

C

— 7

—3

covered all the zeros. so the
(A+D) and quad 3 gives the

Answer

n equation for the karnaugh
[Raj. 2005

- AB| o |1 |11 o0

Solution : The above K-map is a 0

4 Pair

four variable K-map. For simplification quad |,

quad

We have to see octel, quads and pairs- 3|
Since three is no octel, three quads and 10
one pair that covered all the ones of the
~map, :
() Quad 1 gives the expresst
(i) Quad 2 gives the expﬁﬂf“:
(ii) Quad 3 gives the expression
(iv) Pair 4 gives the expression
Henge, the simplified express 5
. Y(Ap Bl C’ D)=AD 5

on=AD
AC
AB
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SR e Answer
[Y=A{B+C+D)+BCD ]|

W Example 43. What is the simplified boolean expression in SOP forp,

from K-map given below.
AB
CN\ 00 01 11 10

ol 0] 1§ 2q0

[Raj. 2004, 2007)

Solution : The above K-map is a three variable K-map. In this expression twg
pairs are formed as follows :

AB ARG A AR pairlgy
[ 00 01 117 10
[ =g
pair 2 o Ej’ y
3 0| o]
The corresponding minterms for pair | are,

Y, = ABC +ABC
and its minimized form will be

spair 2

E

Y, =(A +A)BC

Y, =BC
Similarly, the corresponding minterms for pair 2 are,
Y, = ABC+ABC
and its minimize form will be,
Y, =(A +A).BC

2 = BC

So, the simplified expression for above K-map is,

Y=Y +Y,=BC+BC Answer.
B Example 44, Simplify the expression
Y(A, B, C, D) =T1IM (0, 1, 4,5,6,8,9, 12, 13,14) using K

pression is in the standard POS form, so the maxterms
s numbers. are marked with s,

mM(0, 1,4,5,6,8,9, 12, 13, 14)

-map method.
and their corresponding cell

Y(A,B,C,D)=
The K-map will be,

—_— e ——

There is one G‘Ewl' That giv!:s the result C and one quad that gives the result (B
+D). So, the simplified expression wil| be,

Y=C(B+D)| Answer
® Example 45. Simplify Y(A, B, C) = Im (0, 1,3, 7)
Solution : The three variable K-map will be,
AB__ _ -
C\_AB AB AB AB

Eomﬁ 6 B

C 1|l|3|1—?—1'| P

The 1s are marked in the corresponding cell number since the function is in SOP
form. Here two pairs are formed.

Pair | gives= ABC + ABC

Pair 2 gives= ABC+ABC
=(A +A)BC
Y,=BC 3 Answer
Hence, Y=y, +Y,= AB +BC ;

Very Short Answer Type Questions .- [Raj. 2010]
L Define logic gate. '
* Define fundamental gate.

57

3 Whmduyoummwmw‘?
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4. What do you mean by OR gate 7 ,
5. What do you mean by NOT gate -
6. What is NAND gate 7
7. What is NOR gate ? [Rai. 2006'
8. Define Ex-OR gate. [Ral, z.[mﬁl

9. What is the significance of Ex-OR gatc.

. Define universal gate.

11. Write the name of the universal gate.

. State Demorgan’s Law.

. Define Boolean algebra.

. Define the SOP form.

. What is the POS form.

. What is minterm ?

. Define Maxterm.

. Define the standard SOP form.

. What is K-map.

. Write the uses of K-map.

. What do you understand by “Don’t Care” state.
. Define the standard POS form.

. What do you mean by domain of a expression.

[Raj. 2010, 2009]
[Raj. 2010, 2009]

[Raj. 2004]

Long Answer Type Questions
. Write a short note on logic functions.
. What is Ex-NOR gate, give its significance.
- Show that NAND and NOR gates are universal gates,
- Realize the circuit by using RTL logic for, NOT gate.
. What is diode logic (DL), explain, it for AND and OR. gate.
. What are the TRUE & FALSE statements.
. Forthe logic expression Y=AB + AB,

(a) Which logic aperation gives the output Y

(b) Make its truth table

(c) Realize it by using fundamental gates

(d) Realize it by using only NAND gates.
8. Realize the logic operation for Y=A® B & C usin
9. Make a truth table for three input

(a) AND gate (b) OR gate (c) NAND gate (d) NOR gate

[Raj. 2006]

L T

B EX OR gate
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gplain hOW: the basic or fundamenty gate
S¢

B
18 ) NAND gate (b) NOR gate

Is it pUSSthC to make a NOT Zate with two inputs, how 2
- , Now 7

an be realize by using only.
[Raj. 2010]

I‘ which ol the following are cquivalent to A &
Jo _
(b)AoB

B and which o A @ B,
(a) AN®B ©XeB (4)ash (&) A@E
3, How does OR addili?n f”ﬂ'ﬂ from the ordinary addition method.

4, How does AND mU|'LI|311€EI11i0r| differ from the ordinary multiplication.

{5, Write 8 short note on duality principle.

16, State and prove DeMorgan theorem.

7. State and prove absorption theorem.

. Give the boolean expression for the following statement a
yisalonlyifAisalandBisalorifAisa0andBisa0.
Ans. (AB+ A B) :

19, Prove the statement : A positive logic NAND operation is equivalent to anegative

logic NOR operation and vice-versa.

30, Discuss the various theorems used in boolean algebra.

31. Give the logical states of variables for the following terms,

[Raj. 2010]

1

(iym; (ii)yM, (iii)my (d) M,
(v)ms . (vi)Myy e
22. What do your understand by literal, explain it using examp -nmm S

23. Minimize the following functions and realize using minmimum

(i)Y, =£m(0,3,5,6,9. 10, 121.4151)SJI
ii)Y,==m(0,1,2,3,11,12, 1%
24. (Ex}pr:ss the following functions in standard form (SOP/POS).
(i) Y, = AB+AC +C+AD+AB C+ABC
(ii) Y, = A B+B CD+AC+BC D
(iii) Y= (A+B) . (B+C§] e
(V) Y, = (B+C). (A+B+C1- (4 C] L HiE
25. Simplify the logic expmsiun.Ytﬁ-Bb »ﬁm il
make a circuit using AND-NAND:
circuit. ;
26. Given the following B?ﬂl@jﬂﬁmm ;
Y= BC D+B Emiapﬂnct _
(i) Obtain the minterms
(ii) Draw logic cireuit

p+ABCD +ABCD and
mplified NOR-NOR
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iii) Simplify the function. . and 111, the ouypyy, «
2 t’-‘ Gi p combinations of three variable Um'. ufy, I?Odgblaill its sim ||3U1 e
/A H::I;rG };WJ] r:: ,:?:xpﬂ‘S‘ the output in maxterms Minterms an plify

ed
SOP/POS. forms. P y
. AB+C)
is the reduced expression of Y=AB+AC+ABC (
28. What is the reduced expression i 20&4[
29. Identefy each of the following expression as SOP, SSOP, POS and SPOS;
(i) AB+ A BC+ACD (i (A+B+C)(A+B +C)
(i) ABC+ ABC (iv) A(A +B) (A+C) o
(v) AB+AB (i) (A+B) (A +B)
(vil)A+BC

30. What do you mean by domain of a expression 7
31. Given the logical expression,
Y=ABC+BCD+ ABC
(a) Make a truth table
(b) Simplify using K-map

(¢) Realize Y using NAND gates only.
32. Draw the logical expression :

Y(A.B.C.D)=ABCD +ABCT D +ABC+ AB
on a4 variable K-map. Make a truth table and obtain the simplified expression
from the K-map, Design alogic circuit for the realization of simplified expression.

[Raj. 2004]

[Raj. 2004}
0. low output for 00 0 1 to

33. What do You understand by
34. A truth table has a high output, for an input of 0 0
1 I]UI.anddon'lcarefor] 01001111,
35. Makea Kamaugh map for the following functigns,
)Y, =ABC+ ABC+ B
(i)Y, =A+B+ ¢
(i) Y;=AB + Bep
36. Explain the following terms,
(1) Pair (ii) Quad (i) Octal
37. Discuss the grouping of maxterms/minterms in K-
Numerical Questions
1.

“don’t care” state,

[Raj. 2005]

map,
Realize the following expression.

—_—
Y=(A+B)+A+B)
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» ADB= A®DB

Am)lf De Morgan theorem tq cach of he
b

given expression -
A+(B+C)
@ A+ (

(b) AB+TD
(c) m (d) m

(Ans : (2) A+BC (b) A+B+C45 y
4. Reduce the following expression -

' (i) ABC (ABC+1)
{iii)MB+ABB+BCC (iv)AB+B+A+C
(v)AB+BB+C+B (iv) AR +B)
[Ans. ABC, (ii) 1, (i) AB + BC, (iVJA+B+C ) AB]

5. Using boolean techniques, sigprliy the following expression,
HAB+A(B+C)+B(B+C)
(iii) A+ AB + ABC

(©) (A+B).(€+D), (¢) AB+CD]

(i) A+A+B+C

(i) AB(C+BD)+ AB 9
(ivyABC (BD + CDE) + AC
[Ans. : () B + AC, (i) Aﬁg ;:Ii‘iz:e é::) A(C+BDE))
N E;ﬂ ‘:};h: fggc': 511323 é:)lg(B +C)(A+D)(B+D)
(i) AB+A+AB =1
(iil) (A + C) (AB + B)(C + AB)=AC

(iv) (AC+B)(A+C+B)=(A+B+C)A+B+0)
7. 1IfAB = 1, Prove that
IBC+ AGC+ 25 =C .
ABC + ABC+ABC+ABC=C T
8. Find the equivalent of the following boolean express

[Raj. 2004]
- A+C)B+0) [Raj. 2004]
?12) {&ET %AC) (1311(+ BT) (ABC) [Raj. 2005)
(i) ABC + ABC+ ABC+ ABC [Rai. 2008]
: = D)+ AB]C [Raj. 2007]
s smati (Rai. 2006
(Vi)A+BC+ D [Raj. 2007)
(vii) (A +B).(A+ B) [Rai, 2007

= ession for the following function
, Vii)A+AB products (SOP) expression

v )bta"‘m the minimal Sum-of‘
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| and implement the
Y(ABCD) =
10. Using the K-map method. Simp
Minimum SOP (b) Minimal POS expressions.
Y =(A.B.C.D)=2m(0,2,3.6,7) >d (8,10, 11,15)

[Ans. (i) AC+BD (i) A(C+D)(B+C)]
11. Simplify the expressin Y(A, B,C, D) =Xm (1,5,10,11,1,13, 15)] using K-map
method.
[Ans. Y = ACD+ABC + ACD + ABC |
12. Represent the following expression on K-map
@ Y(A,B,C)=Zm (0,2,3,6,7)
() Y(A,B,C)=IIM (0, 1,4,6,7)
(i) Y(A.B,C,D)=Zm (1,3,4,5,7,9, 11, 13)
(iv)Y (A,B,C,D)=TIM (0, 1, 2,6, 7, 8, 10, 12, 14, 15) :
13. Express the following function in standard SOP from and draw a K-map.
Y(A,B,C)=AB+AC +C+AD+ABC+ABC
* 14. Minimize the following logic functions using K-maps simplificaiton.
(@Y, (A,B,C,D)=2m(1,3,5,8,9,11, 15) +Zd (2, 13) '
(b) Y,(A,B,C,D)=1IM(1,2,3,8,9, 10, 11, 14) - Zd (7,15)
15. Write the minimal expression for the following K-map. -

same using universal gates.
m (0,2, 3.5,7,8,13,m) +Zd (1, 6,12)
lify the following boolean function and obtain (a)

CD
b0 T
P IO W
N R
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