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1(a) Define: 1. Literal 2. Canonical SOP 3. Maxterm 4. Combinational Logic 5] | co1| L1
5. Prime Implicant and Essential Prime Implicant
Convert the following Boolean function into:
(b) 1. X=f(a, b,c) =(a+Db)(b+¢) minterm canonical form [5] | COL| L2
2.Y=F(X,y,2)=x+x z(y+ Z) maxterm canonical form
Design a three input one output combinational circuit which has output equal
2 (a) | to 1 when majority of its inputs are at logic 1 and has output equal to O when [71 | CO2| L2
majority of its inputs are at logic 0.
(b) Explain general approach to combinational logic design. 3] |coz| L2
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1) Define: 1. Literal 2. Canonical SOP 3. Maxterm 4. Combinational Logic 5] | co1| L1
5. Prime Implicant and Essential Prime Implicant
Convert the following Boolean function into:
(b) 1. X=f(a, b,c) =(a+b)(b+¢) minterm canonical form [5] | CO1| L2
2.Y=Ff(X,y,2)=x+Xx z(y+ Z) maxterm canonical form
Design a three input one output combinational circuit which has output equal
2 (a) | to 1 when majority of its inputs are at logic 1 and has output equal to 0 when [7] | CO2| L2
majority of its inputs are at logic 0.
(b) |EXplain general approach to combinational logic design. [3] | co2| L2




Find the prime implicants and the essential prime implicants of the following
Boolean function using K-Map.
3 [5] |Cco1| L3
(@) Y=Y (1,3,5,7,8,10,12,13,14) + Yd (4,6,15)
(b) Y==(0,1,4,5,89,11)+nd (2,10)
Find all the prime implicants and essential prime implicants of the function Y
4 | using Quine-McCluskey method and realize the minimal sum using NOR. [10] | CO1| L3
Y=Y (7,9,12,13,14,15) +3d (4,11)
5 Explain the working principle of four bit Look Ahead Carry adder with relevant
. ’ [10] | cO2| L2
equations and block diagram.
6 | Design and implement 2-bit magnitude comparator. [10] | CO1| L2
7 (8) | state any two disadvantages associated with basic encoder circuit [2] |cOl| L1
Write a condensed truth table for a 4 to 2 line priority encoder with a valid
(b) | output, where the highest priority is given to the lowest bit position and obtain | [8]1 |CO2| L3
the minimal sum expression for the output.
Implement the following Boolean expression using 1C 74138
8 (@ A=f(w,X,Y, z)=>(1,9,11,13) obtain POS [5+5]| CO2| L2
(b) B= f(p,q,r,5) =>(0,6,12,14) obtain SOP
Find the prime implicants and the essential prime implicants of the following
Boolean function using K-Map.
3 [5] |co1| L3
(@ Y=> (1,3,5,7,8,10,12,13,14) + > d (4,6,15)
() Y=n(0,1,45.89,11)+nd (2, 10)
Find all the prime implicants and essential prime implicants of the function Y
4 | using Quine-McCluskey method and realize the minimal sum using NOR. [10] | CO1| L3
Y=Y (7,9,12,13,14,15) +Yd (4,11)
Explain the working principle of four bit Look Ahead Carry adder with relevant
5 ; . [10] | CO2| L2
equations and block diagram.
6 | Design and implement 2-bit magnitude comparator. [10] | CO1| L2
7 (8) | state any two disadvantages associated with basic encoder circuit [2] |CO1| L1
Write a condensed truth table for a 4 to 2 line priority encoder with a valid
(0) | output, where the highest priority is given to the lowest bit position and obtain | [8 |CO2| L3
the minimal sum expression for the output.
Implement the following Boolean expression using IC 74138
8 @ A=1f(w,Xx,Y,z)=3(1,9,11,13) obtain POS [5+5]| CO2| L2

(b) B= f(p,q,1,5) =>(0,6,12,14) obtain SOP




1(a)

SOLUTIONS TO IAT 1

Define: 1. Literal

5. Prime Implicant and Essential Prime Implicant

Select from below list

Active high  The e status of 4
Oceurs when the variable
tve voltage, Opposite of

Active low  The "(rye" status of a switching variable oc-
curs when the variable is a 0, as represented by a low
voltage, Opposite of active high,

Asserted  The "true” condition of a variable. A variable
can be asserted as an active high or an active low signal,

Bubble logic  Another name for mixed logic, where
variables are represented by both active high and active
low notations in the same logle etreuit,

Canonieal  The basic definition means “conforming to
a general rule" The "rule” for switching logic equations
is that each minterm or maxterm must contain all of the
input variables (or their complements) used in the ex-
pression,

Canonical Sum of Products A sum (OR function) of
products (AND function) is a set of product terms ORed
together. For the sum of products o be canonical all of
the input variables used in the expression must be con-
tained in each individual product term, For example, il
X. Y, and Z are Boolean variables thﬁ-'n a cal;«;mcal sum of
pl:oducts couldbe T = X'YZ + XY'Z + X¥Z,

switching varlable
186 1, a8 represented by a posi-
active low

2. Canonical SOP 3. Maxterm 4. Combinational Logic

SM

Combinational logic consists of Qii
cireults whose our v are determined by the present
combination of iny independent of previous input
combinations, Combinational logie circuits produce out-
puts that are specified by a set of Boolean equations,
Deasserted The “false” condition of a variable. A deas-
serted variable can be represented by a high or low volt-
age signal, depending on its active status. See also active
high and active low.

Combinational log’

Don't care terms  Minterms or maxterms that are not
used in specifying a logical output function, This occurs
when the truth table for an output function is incom-
pletely specified, The leftover terms become don't care
terms, Because they are don't care terms, they can be as-
signed a value of 0 or 1,

Essentlal prime implicant A prime implicant that
contains one or more minterms or maxterms that are

unique; that is, terms not contained in any other prime
implicant. See also prime implicant.

Karnaugh map A Karnaugh map is a diagram made up

of squares that is used to simplify Boolean equations.
Each square represents a minterm or maxterm from an
fquation. The squares are arranged so that only one bi-

PTO



between adjacent squares, providin
Lol 4*‘“ CM:{‘::mblc redurfdzncn:: The n‘\)xmbcr ogf
rnaugh map is related to the number of
g ‘?n’.::quatg‘n by 2* = y, where x is the number
oblerm variables and y is the number of map squares.
A literal is a Boolean variable or its comple-
For instance, if X is a Boolean variable then both X
and X' 7€ literal
entered variables A variable or expression that is
ed into 2 Karnaugh map square that is not a min-
or maxterm. The use of map entered variables (or
ns) allows the size of a Karnaugh map to be re-
duced for a given number of input variables. See Kar-
naugh map-
Maxterm A term ina Boolean equation that represents
s condition where an output variable is a logical 0 in the
output function wruth table. A maxterm is the comple-
ment of a minterm. Maxterms are as a set of
input variables ORed together and ANDed with other
maxterms. An example maxterm expression would be
Fel(x+y +D(x+y +2).
Minterm A term in a Boolean equation that repracms
1 condition where an outp\uvnrhbkbalopal 1 in the
output function uuthuhk.Ammmsthecomplc-
ment of a2 maxterm. Minterms are :fumof
input variables ANDed together and ORed with mh;te
minterms. An example minterm would
Fexy? +x'yz
Mixed logic  Mixed logic contains both active high and

: mwwmmmmmwbw
g other name for mixed logic. Mixed logic diagrams match
. Jogilevels (active high or low) between inputs and out
_‘~°Mnxﬁnhghompubmawdm

simplification of multiple outputs, so that common terms

can be shared between outputs.

POS (product of sums) Maxterms are used to form

POS. The arithmetic equivalent of the logical AND is a

product and the equivalent of the logical OR is a sum. A

POS term is a logical ANDing of ORed terms. The differ-

ence between a POS term and a maxterm is that the POS
need not be canonical and the maxterm is canonical.
Prime implicant A prime implicant is a permitted
group of minterms or maxterms. The grouping of terms
requires that the group size be an integer power of 2 (2,
48,16 ...) and that symmetry exist for each variable in
the group. Variable symmetry means that a variable has
an equal number of Os and 1s for all terms in the group.
See also essential prime implicant.

Product term A product term is a literal or the logical
product (AND) of multiple literals. For example, if X, Y,
and Z are Boolean variables then a representative product
term could be X, or XY, or X'YZ'.

tables to determine prime and essential prime implicants
inszeadohshxgleuble.asusedml(mughmpslk
Q-M algorithm is more and lends itself to re-
alization using a computer. St s
SOP (sum of products) Minterms ar¢ © to form
SOPequaﬂons.Asumisthearilhmcticequxv:l'cmof.the
operation OkAproductisdznithmcch
kntoftbelogialopaaﬁonAND.Awmo!prodnctsls
dnloWlORingo{ANDedmms.Thcdiﬁambe_-
xweenaSOPtmnandamimen_nisdnuthOPmmxs



Q 1 b. Convert the following Boolean function into:

1. X=f(a, b,c) =(a+Db)(b+¢) minterm canonical form
2.Y=f(x,y,z)=x+X Z (y + Z) maxterm canonical form
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Q 2) Design a three input one output combinational circuit which has output equal to 1 when
majority of its inputs are at logic 1 and has output equal to 0 when majority of its inputs are at
logic 0. ™
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Design a three-input, one-output minimal two-level gate combinational circuit which has an

output equal to 1 when majority of its inputs are at logic 1 and has an output equal to 0 when
majority of its inputs are at logic 0. ’

Solution: We need to design a circuit which outputs a 1 when two or more of its three inputs
are 1 A

The truth table is shown below.
Cellno. [a b f
0 000O0]O
1 00 1]0
2 01 0|0
3 01 1] 1
4 1 0 0| O
5 1 0 1|1
6 1 1 0] 1
7 <11 11

J = X(3,5,6,7)

The Kamnaugh 1-map of the function is as follows.

be
00 01 1 10
[ o H—--F-0
, 0 1 3 2
] b ] i} - - (1)
4 .S 7 6
|
(i)

Essential 1-cell 3 groups to subcube (l)
Essential 1-cell 5 groups to subcube (ll)
Essential t-cell 6 groups to subcube (iii).
. Minimal sum is
f= bc+ac+ab

The two level minimal sum implementation is shown below.
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of gate inputs, the cost of the implementation is 9.

If the cost is taken as the number : .
Next, let us look at the minimal product implementation by grouping 0-cells.

[

; be
00 01 1 10
ofl[o o\ lo
ol ' 1 3 2|
a T
I |
1 0 \ |
[}
4 b ) L6
I
|

(ili) (i) (iii)

Essential 0-cell 1 groups to subcube (1).
Essential 0-cell 4 groups to subcube (ii).
Essential 0-cell 2 groups to subcube (iii).
»» Minimal product is

S =@tb)(btc)(a+tc)

The two level minimal product implementation is shown below.

Here, the cost works out to 9,

- x ; OUld be a m i i i



Q 2 b) Explain the general approach to combinational logic design.  3M

Combunnoml logic deals with the techniques @
tioned previously, into circuits that perform some
combinational logic functions are adders, subtractors,
dividers, display drivers, and keyboard encoders.
Logic circuits without feedbac
tionally complete gate set, are said
memeory (ability to store info
including flip-flops, are said

chapters; for now our task

rmation) are com

to be sequential. We
is to develop skills in dea

{ “combining” the basic gates, men-
desired function. Examples of useful
decoders, encoders, multipliers,

k from output to the input, constructed from a func-

w0 be combinational. Logic circuits that contain no
binational; those that contain memory,
will study sequential logic in later
ling with combinational logic. Com-

binational logic can be modeled as illustrated in Figure 3.1.
Let X be the set of all input variables {xo, Xi - - - » Xa},and ¥ be the set of all output
on, F, operates on the input variable

variables [ Yo, Y1, -2 ¥

}. The combinational functi
ut variable set, Y. Notice

that the output variables yo through

set X, to produce the outp
.. are not fed back to the input. The output s related to the input as
Y = F(X)
Figure 3.1 % : . et
Combinational o
@mumﬁomllogiclnodel e i .
Inputs  * Fut?:?i:ns X PUpUte
x n ¥ > (F) _— vm
L
Problem Truth Table itchi
Switchi
Statement Construction Equations x?m.n P
Logic Circuit Logic Diagram Equation(s)
Built Drawn §impliﬁod
The logic circuits developed in Chapter 2, illustrating various switching properties
and theorems, were all combinational. The relationship between the input and output
variables can be expressed in equations, logic diagrams, or truth tables. A truth table
specifies the input conditions under which the outputs are tru€ or false (1 or 0). Switch-
ing equations are then derived from the truth tables and realized (constructed) using
th developing truth tables and graphically simplifying

gates. This

chapter deals wi
. —ei~me ncino several techniques.



Q 3 Find the prime implicants and the essential prime implicants of the following Boolean
function using K-Map. 5M + 5M
@ Y=>(1,3,5,7,8,10,12,13,14) + >'d (4,6,15)
(b) Y=11(0,1,4,5,8,9,11) +td (2,10)
+/ &

-
o -

=

y=ad+ by ag
a) Y contains only EPIs.

b. f=I1(0,1,4,5,8,9,11)+11d (2, 10)
Plot the Karnaugh map of the function.

. cd
(iii)- - - - {00 01 1l [10
00 | [lo 0 1 \- 1
0 L 3 2|,
= = = =5 N
o1 | [Lo 0 1 1 (iv)
ab 4 S 7 6
1| 1 1 1
12 13 15 14
10 |[|o 0 0 -j‘ 1 - (i)
8 9 Ll 10
r

The prime implicates and essential prime implicates are tabulated now.

Subcube no. | Essential 0 -cell no. | Prime implicates

Essential prime implicates \

(1) 4 and 5 a +c a+c
(11) 11 a+b a+b
(111) none b+c A

(1v) none b+d




Q 4) Find all the prime implicants and essential prime implicants of the function Y using
Quine-McCluskey method and realize the minimal sum using NOR. 10M

Y=> (7,9,12,13,14,15) +Xd (4,11)
Find all the prime implicants of the function
f(a,b,c,d)=%(7,9,12,13,14,15) + Zd (4, 11)
using Quine— McCluskey algorithm

Solution: We saw in Section 1.5.5 that don’t care cells are considered as 1-cells to determine
prime implicants. The given function thus becomes

f(a,b,c,d)=Z(4,7,9,11,12,13, 14, 15)

Step 1: Represent each minterms in its 1/ notation.

No. | Minterm 1/0 notation | Index
7 | @bed 0111 3

abcd 1001
12 | abzd 1100
13 ( abed | 1101
14 | abed 1110
15| abed 1111
4 | abcd | 0100
11 | abed | 1011

W = A W W NN

' Step 2: List the minterms in increasing order of their index.

d

Q
o
(2]

index 1

} index 2

|5 o]

—_
—_—l— = — |- -]

1
13
S
15
Fig. 2.9 Steps 2 and 3 of Quine- McCluskey algorithm

index 3

et il — T =~ (1

0
1
0
1
1
1
0
|

el e = =Y

index 4

All further steps are shown in Fig. 2.10. The minterms combining at various iterations are
shown with an offset in the ‘v"” marks

—la b c d abcd la b c d
410100V 412|-100 G, 113,15 |1 - -1
911 001 v G 1mi1ro-1v (12,13)(14,15]1 1 - -
2/1 100 v vV 6131 -01v
70 111 # . 0211 1 0~
Iir o1 1 v v (2,191 1 -0 v
1311101 v v (115 [-111
4(1 11 0 v v (L1851 - 11 v
ST 1.1 1 v 13,151 1 -1 v

(14,151 11 - v

Fig. 2.10 The Quine-McCluskey algorithm



The terms without a v* besides them constitute the prime implicants.
The prime implicants are

bc 3, bed, ad and ab

Y = bcd + bed + ad + ab
Implement Y equation using only NOR gates.

Q 5) Explain the working principle of four bit Look Ahead Carry adder with relevant
equations and block diagram. 10M

4.1.5 Look AHeap CARrY ADDER

The parallel adders and subtractors seen earlier are essentially ripple configurations. The cffect of
propagation delay would be more and more prominent as the number of bits increase. The carry at
any given stage would be availablc only after the carry of the previous stage has been generated.
The carry generated by the full adder in the least significant bit stage must propagate through all
the intermediate adders till it reaches the most significant bit adder. Observe from Equation 4.1
and 4.2 that apart from the input bits to be added. the sum and carry out of any stage depends on
the carry output of the previous stage. The carry out of the previous stage depends on the carry out
of the stage prior to that and so on. If we could ensure that the sum and carry output of any stage is
not dependent on the results of any previous stages, then the ripple effect is eliminated and speed
of addition remarkably increases.

Consider the carry Equation 4.2

c.,=ab+bc+ac
L 1 { B |

1+

(‘ | = al hl y CI (ai+ bl) (45)

The term g, b, relates to the carry formed at the i stage and is referred to as the carry generate
function g.
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ie., g=ab (4.6)
The term (a, + b) relates to the . "
: carry c, generated at the previous stage and thus (o, + b) is
referred o as the carry propagate function p.s erated at the pre lag y* o)
i.e,, p' = a' + b[ (4.7)

Obscrvethatbothp,andg"efu : . db. C :
tions 4.5, 4.6 and 4.7 we -, nctions of only the parallcl inputs a, and 5. Comparing

can write
CI‘ | = gi +p' cl (4.8)
Now, let us look at the ca

i Ty generated at the 4-bit parallel adder. Setting i = 0
in Equation 4.8, we get at every stage of the 4-bit p g

&= 8+ PoCy (4.9)
and setting i = 1. in Equation 4.8, we get

c2 = gl +P| C|

substitute for ¢, from Equation 4.9

G g|+P| (g(,+P0Co)
=871 P &P PG (4.10)

According to Equations 4.9 and 4.10, ¢, and c, are functions of only the parallel inputs and ¢,
Similarly, i

c.‘\ = gz+pvcz

Substitute for ¢, from Equation 4.10

¢, = 8&+p. (g *p g+p P, C,

¢&,= 8&*p, 8PP 8PP P,C, 4.11)
and
¢, = 8,tp, @ +pg;Fp,p,c,)
€, = &P
=&+p.&*p,8 *p,p 8PP P,C,)
C, =8 P, &*P,P.8tP,P,P &+ PP,P, P, C, (4.12)
and so on.

Equation 4.11 and 4.12 also indicate that ¢, and c, are functions of only the parallel inputs and c,,

The Boolean expression for ¢, ¢,, ¢, etc., can themselves bs implemented using gates and the
carry required at each stage of the parallel adder can be made available simultaneously, thereby
increasing the speed of addition. The look ahead carry generators are available in IC form in



several bit sizes. A four-
Jookahead carry block is an imp
adder blocks are an implementatio

bit fast parallel adde
lementation of
n of Equations

l.ook ahead carry generator

r with lookahead carry is shown in Fig. 4.19
Equations 4.9, 4.10, 4.11 and 4.12 wherea's];::

4.1,4.6and 4.7.

ay by | a by |2 a b z
Cq l l l l ll ‘10 T
A
adder adder adder dd
adder
& 5 £2 s g l_—
¢ i : Sy €o So

Fig. 4.19 Four-bit parallel fast look ahead carry adder

The implementation of the adder blocks of Fig. 4.19 is shown in Fig. 4.20

Fig. 4.20 Adder block implementation

The four-bit lookahead carry generator can be implemented as shown in Fig. 4.21

Py —]
('0 _J
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(a)
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&

(b)
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Fig. 4.21 Four-bit lookahead carry generator J.d

Q 6. Design and implement 2-bit magnitude comparator. 10M

A B C D |ILT EBQ GT

0 0 0 0 0 1 0

0 1 1 0 0

A 1 0 1 0 0

e e EGLAER
[ —_

— EQ AB=CD 0 1 0 1 0

NZ___,p GI—>AB>CD 1 0[1 0 0

1 1 1 0 0

1 0 0 0 0 0 1

0 1 0 0 1

1 0 0 1 0

1 1 1 0 0

T 1 1 0 0 1] 0 1

blockaﬂlgglam oilo o 1

1 0 0 0 1

truth table 11 0 1 0

we'll need a 4-variable Karnaugh map
for each of the 3 output functions



0| 0 0|0 E ol 0o 0 [ 1| 1)' 1 |
1) ofo]o o 1| 0] o0 0] 0 (l1] 1
| D 3 D \__J D
Q 1) 0 C} 0 0 E 0 0 0|0 0
CF — C C
1__1j| 0|0 0ol 0|0 3 0| o0 If/l\-, 0
K-map for LT K-map for EQ K-map for GT

LT = A'B'D + AC + B'CD
EQ = A'B'CD + AABCD + ABCD + AB'CD'=(AxnorC) (B xnor D)
GT = BCD + AC + ABD'
LT and GT are similar (flip A/C and B/D)
Draw the Logic Diagram for LT, EQ and GT.
Q 7. State any two disadvantages associated with basic encoder circuit (Consider 4:2 or 8:3
decoders as example). 2M

B = X2
8-3

inputs  x; =13 ENCODER H Qe

— ¥

(b)

Fig. 3.34 (a) Block diagram of a 8 to 3 line encoder (b) Implementation of a 8 to 3 line encoder

k There_are some problems associated with this implementation. It is possible that when more

than one inputs are at logic | there may be an error in the output code. For example, if x, = x, = |

YV Vo= l.ll, whereas this output should have resulted for only x. = 1. The otl,\er 3robl;m is

th t the output is 000 when all the inputs are at logic 0 as well as whe7n X = 1. Th : tic in
ig. 3.34 does not distinguish between these two conditions of inputs REEEEE

These problems can be overcome b, iori
. ' y the priority encoder with idity indi
le of 2 8 to 3 line priority encoder is shown in Fig. 3.35. e vy Moy



Q 7b) Write a condensed truth table for a 4 to 2 line priority encoder with a valid output,

where the highest priority is given to the lowest bit position and obtain the minimal sum
expression for the output. 8M

Cell no. X, X x, x|y -y Valid

' ‘ 0 0 0 0 0lo o0 O
8.9,]0,11'12’

13, 14, 15 I x x x| 0 0 1
4)51‘6,7 0 l

X x| O 1
2,3 0 0 1 x| 1 o 1
1 0 0 0 11 1 i

The Kamaugh maps for the outputs are shown below.

xsz

L. L i od - o 10
Wl e . L@j 0 | o 1 0 0
g l s 2 0 I 3 2
Gl ip 1@ 0 2 0 or || 1 1 ! I \
ol : 2 : 8 0%, 4 s 7 6
i e 2 0 0 il o 0 0 0
12 13 b 14 12 13 15 14
0 | o 0 0 0 @ | o 5 . .
8 9 I 10 8 9 1 10
y,-map Vg-map
)ll = :"’0 ;l X2+ .?0 ;lx_? )"0: fu.\'l + ';0 ,?:_\‘3
XZ"']
00 0l 1 10
00| o 1 1 ]
0 [ 3 2
o | | | | | '
x5k 4 5 7 6 Valid-map
\
i ! ! ! Valid = Xg+x, +x, +x3
I 13 15 14
10 l I 1 | 1
8 9 q 10




Q 8. Implement the following Boolean expression using IC 74138 5M +5M

@ A=f(w,X,Y, z) = ¥(1,9,11,13) obtain POS

(b) B=f(p,q,r,8) =>(0,6,12,14) obtain SOP
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