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= lll-Sem (BEC302 - DIGITAL SYSTEM DESIGN) =

. N

AKTU : Syllabus
Unit-I

——

Logic simplification and combinational logic design: Number Systems, Binary arithmetic, signed

magnitude representation, Binary codes, code conversion, review of Boolean algebra and Demorgans

theorem, SOP & POS forms, Canonical forms, Karnaugh maps up to 5 variables, tabulation method.
Unit-ll

CombinatiM“itS: Analysis and Design of combinational circuits, MSI devices like

comparators, multiplexers, demultiplexers, encoder, decoder, circuit realization using Multiplexers and

decoders, half and full adders, subtractors, serial and parallel adders, BCD adder, barrel shifter and ALU.
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[ ' II-Sem (BEC302 - DIGITAL SYSTEM DESIGN) [

AKTU : Syllabus
Unit-llI

Sequential logic design: Building blocks like S-R, JK and Master-Slave JK FF, D FF, T FF,

edge triggered FF, Flip flop conversion, Applications of Flip Flops: ripple and
synchronous counters, Ring counter, Johnson counter, shift registers: SISO, SIPO, PISO,
PIPO, Bidirectional shift register, Universal shift register; Finite state machines: Mealy
and Moore machines, State diagrams, state reduction, Analysis of clocked sequential

circuits, Design of clocked sequential circuits
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[ | II-Sem (BEC302 - DIGITAL SYSTEM DESIGN) [

AKTU : Syllabus
Unit-IV

Logic families and semiconductor memories: TTL NAND gate, specifications, noise

\

margin, propagation delay, fan-in, fan-out, tristate TTL, ECL, CMOS families and their

interfacing, memory elements, concept of programmable logic devices like FPGA, logic

implementation using programmable devices.
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& | I-Sem (BEC302 - DIGITAL SYSTEM DESIGN) &

AKTU : Syllabus
Unit-V

Digital-to-Analog converters (DAC): Specifications of DACs, Weighted resistor, R22R

ladder, Analog-to-digital converters (ADC): Specifications of ADCs, principle of ADC,

switched capacitor circuits: Basic concept, practical configurations, ADC etc. ADC

Types: dual slope, successive approximation, counting type, flash etc.



| DIGITAL SYSTEM DESIGN | v

UNIT 1 : LOGIC SIMPLIFICATION AND COMBINATIONAL LOGIC DESIGN

AKTU Syllabus
Logic simplification and combinational logic design: Number Systems,
Binary arithmetic, signhed magnitude representation, Binary codes, code
conversion, review of Boolean algebra and Demorgans theorem, SOP &

POS forms, Canonical forms, Karnaugh maps up to 5 variables,

tabulation method.



l DIGITAL SYSTEM DESIGN '
UNIT 1 : LOGIC SIMPLIFICATION AND COMBINATIONAL LOGIC DESIGN
Today’s Target

» NUMBER SYSTEM
> ITS TRANSFORMATION
» DPP /



Digital Systems are useful in:

» Communication -

» Business Transaction .~

> Traffic Control

» Spacecraft Guidance WA
» Medical Treatment etc v~

2



Advantage of Digital System

* Generality

* Flexible _~

* Can perform variety of task .~

* Range over wide spectrum of applications vl

* Ability to represent and manipulate discrete elements of information. v~



WHAT ARE DIGITAL SYSTEMS?

**Any system which takes digital inputs — process this data — gives digital outputs

are digital systems.

**Signals represented in the form of 1’s and 0’s are called as digital signals.

“*This is a form of encoding of signals.

**Group of bits = binary codes

GW
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Number Systems:

v'Decimal (Base: [0 )

. Symbols:0,\,2,’5114/5')5/:;’3)0)
v'Binary (Base 2)

. Symbols: O | |

v'Octal (Base?Q

. Symbols: 0 |, 2, %, 4,5 € 7
v'Hexadecimal (Base |6) 3
. Symbols:O,l,Z,---ﬁ,A,G’/C)D/ <,
v Excess-3 —

v Gray

v'BCD v~

F

2



éﬁ" Binary Number System:

-

CATIWAY CLAERSS

* Uses two symbols O |

' 0/13 \
* Base orradix — £
» 1nibble = ¢ Liks 0110
c1byte = R loits lo\bolDO

0 :
* 1Kbits (kilo) = Z’ - 1024 j?'j’j

2.0 .
+ 1Mbits (mega) = 2 = [0Z4X 024 bits |
* 1Gbits (giga) = fo _ D2y n 1oy x 10 2Y b
H0
* 1 Thits (tera) — 2

2
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» Numeric systems :

= we use daily is the decimal system,

> this system is not convenient for machines

> the information is handled codified in the shape of on or off bits

> necessity of knowing the positional calculation

> allow us to express a number in any base where we need it.

Radix number systems :
»base of a number system or radix
» defines the range of values that a digit may have.

2



éw Conversion: Decimal To Binary

* Successive division by 2:

268 O
2 134 ©
2 |17 |
218 o
2

4 0O
ZHZ 2
2 l |




@ Example 2 : Decimal Number Conversion

h CO'ég'ﬁ)‘D:(O-lo ) )2—

0 63>R2= |'13¢¢ 1
0 36602 9332 ®
0-132X2 =1 4cY |
0- Lilynz2 - 0928 O

2
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HOME WORK

1) Convert (2532),, to binary
2) Convert (0.528),, to binary
3) Convert ((1685.29),, to binary

4) Convert (1546),, to

5) Convert(0.445),, to (-- ),

6) Convert(1.5629),,to (-- ),

2



l DIGITAL SYSTEM DESIGN I

UNIT 1 : LOGIC SIMPLIFICATION AND COMBINATIONAL LOGIC DESIGN

Today’s Target

Conversion of
» Binary number to Decimal vl
> Decimal to octal v~
» Binary to Octal v o,
> DPP v’
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Binary To Decimal Conversion

* The decimal number is equal to the sum of binary digits (d,) times their power of 2

(2"
decimal

MSB QN
| O | |

X0+ Ox 7 +]x2 #IRZ
Q3 +0 +2 |

= (H >l0

= dyx2° + d,x21 + d,x2% +

Ve
WA

[0 1 o | |
H//;/ﬂ 2 /7; Ké
ORL* XTI + oA + X2 +|x2
A0 ¥ ¥ + 0 + 2 <+ |
i
’”LLf%);O



Example: Find the decimal value of 111001,

(O'{Iloo;)z_

| L -3 L, ] 4
S0+ X224 ¥ 24 Ix 2P OoxL+0ORZ p X2

|
;O-l—_'_,, _rD-/~Z)+

|

—
z 4 8 £
_ 54 025401254 0% 0,

=( 9 )

LD

2
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Binary with decimal point

e— —>
(1101.101), = ( )0

e

3
lxit(~2

N :

o) o | -0
vioxg PLAZ Y x93 4 DX2 4+ IX2

%+L.I+D+ |+ 0-5+0p 0 125

IS+ O- 2 1S

= Q%-ézg),o

2



* Convert decimal number 210 into octal number.

Decimal To Octal

(?,\D)lo — ([Zél)g

B
3
8
B

2.10 d
36 6
| O 27

|

O

|

/

2
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Conversion of Decimal Fraction Number in Octal Number g%’_
(012),=C ) =(0- 075 /)&
p-127n § = O{G\O
. /

i
O-9x = 168 > 7

O-G%X%:ﬁq \S_ \//
5 -24%3 = b ?2\),




(} O . S’ C ) — 'f [.-"' L,,;(, SSNE /f"‘ ;

| IT olﬁaxgz’& 8‘1

0.34{7(% 6 #2
O -

- O\ (WL




& Binary To Octal Conversion

There are two methods:

1) Binary to Decimal to Octal
— )

2) Grouping

2



sw Convert binary number 10010110 into octal number. éw
’ SATIWAY CLATERS
Method-| o 150 £ )
oo O || O | ]% 2 ____(224)8
I D % 2 2.
lx?t—(}?o+lx2_“+o_§_i5+|xz+lxz 40X 2 X
2%t |6 &4 £ ZF @

(l 50)}0

eR(]DOID (lo)z_.a@Z,é)%



@;@ Convert binary number 10010110 into octal number. @

=
SATIWAY CLADENS

SATYWAY

!

Method-I| \

l
O

O
|
oY
|
[ 0 0.7
101/
| o
I

|

S

®
LO
o
W —
|l o
O
(&)

L O
®,
@)

o

|
]
i
1
=
o |
h
N
L
O

S

O
®
/
I

ﬂu‘lru&
LLLL

4
L
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SW  Convert binary number 1010111100.101101 into octal number. ew

7

il D |

'|
[
R
—J\

,I[g ﬁf/ O
E—_Ql\)./b’///L).ol

1234

- (12F4 55)

-

| ¢
> &




Convert :

a) (1011010.10110), =() 4,
b) (1011010), = () 5
¢) (0.10110), =() 4

o) (421)10 =() 8
e) (125.68),, =()¢

f) (1011010), =(),
g) (10111010.10110), =(),

DPP :Lec-2

2
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ANY DOUBT????
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l DIGITAL SYSTEM DESIGN '

UNIT 1 : LOGIC SIMPLIFICATION AND COMBINATIONAL LOGIC DESIGN

Today’s Target
» Conversion of Decimal number to Hexa Decimal Number
> Hexa Decimal to Decimal conversion

» Binary to Hexa Decimal Conversion v

>DPP



- . : : -
Gw Decimal to Hexadecimal Conversion: ew

& 18 .
1) Divide the decimal by 16 until the result is 15 or less.

2) Take the whole number (before the decimal point) and look up the corresponding hex value in

the hex-decimal comparison list above (e.g. 10=A, 15 =F).

3) Take the remainder (after the decimal point) and multiply by 16.

O 1. &, . =a. 9




A 7 )
GW  Example: Find the Hex equivalent of decimal number 3509 ew

= (350 = =( e =

[6 2501 o3 /N A C e r
¢l 219 11-% o (1) 12 \3) P
6| |3 132D
O

(3509), - <D%6‘>,€




Fractional Decimal to Hex Conversion

(0-11011)[@——‘9 ( >H
01204 X 16> /@Zﬁ\ |

o azanle 5(1qR22y 45 E
b 3224xle— (1) 1589 13« D
O - 15¥4 X6 — 2-53[#7 23

(O' IZO%>\O\>< FED L)}é

",

\

v

a——

2
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sw

Whole & Fractional Decimal number to Hex Conversion

(148 62) 10— ( Iy
D-62% |6 -’—(ﬁL\O’ |

148 A 5
17,
O

81X g1 I "1:/‘"5
0 F2Xib= 1152 X =

- 52A16=8 DL 8

(148 éz)lo“J’((M EDB %>H



VR
sw

Hexadecimal To Decimal Conversion:

(AE73)6=( )10

o . @/L%
P

I
S% 18+ [4xI€+Tx 16+ DXIS
— 0% 4096+ 14%x25¢ + IxF6+ 3x|
- 40960+ DO NPL +3

= Qﬁem)’o

O

@)



ﬂ B . . A
ey Fractional Hex Number to Decimal Conversion ew

(1A 35P) - ( ] .

|0

—| - -}
1 H0xI = DXI6 +5 x 161X 16

L
x4+ ]
+ 0 [335+ 001955+ O DD2685

= 256 |é'1””)
-(2%2.20%7%)
e



B

T 00 —— . —

-
om V
Q S
v N
S < =<
e Q7
x ) 9
v e )
e _/ —
p =
s a el
" = =
& A =
n }.Il_ A
— O
S & 0 Y
|] O .
id o -
g _ o0
L O
= e
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DPP

Convert

1) (15287),,=( ),

2) (0.1236),0=( ),

3) (1764.286),0=( )4

4) (1A6D5),=( )40

5) (1ECB.25),5=( )4

6) (1011001101010.10101111) ,=()

2



DIGITAL SYSTEM DESIGN

UNIT 1 : LOGIC SIMPLIFICATION AND COMBINATIONAL
LOGIC DESIGN

Today’s Target

» BINARY ARITHMATIC OPERATIONS

» Binary Addition, Subtraction, Multiplication, Division
» DPP

éw

SATIWAY CLATESY



BINARY ARITHMATIC OPERATIONS

» Binary Addition
» Binary Subtraction
» Binary Multiplication

» Binary Division

SATYWAY CLATENS
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Binary Addition

ALB S [l
510 4O
o1l |/
Lo |4
11 {o] 1)
L] DL} 4

a

f

)

)o(/
-/—0//)

“1oo| O 1
Raudt= 10010

2
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Binary Subtraction é’?

|
| B~ 3/101 | ?Ug?
N0 | O O

01100 | |




O Q |0 x X x|
— | O O X X|O
0» QO — O X |—
f@OOfOJ
_ N O o |—
- o0& >° |
- IOOIOO
= X
2 — _ 009
= + |
- — /
- ~
- ,
m N g XY
= ~ [T |7
2 — | =go
X 0 [\
.T¥
O QO __
noob N
Q —Q —
X % 3w |
O O — —




/)
'/}

Binary Division Te OO0+ Q .
, 4/0, M}OD)O&DMM
7 Liolf|
DY 0ol]©
| ’O, WV W
00 |O|
}é[_{L/O\ /O,\J/
> 3[4 9 3Dk 5000« R
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YEAR
22-23
20-21

19-20

18-19
17-18
17-18

N

UNIVERSITY QUESTIONS é;)
QUESTIONS MARKS
Convert (454.523),, to an Hexadecimal number 2 marks

Convert the following: @ m@
(1) Hexadecimal equivalent of decimal number 256

(11) Decimal equivalent of (123) y ——> (| z_’); (2'§C>ﬁ°: ( >H

(111)(378.93) |, to octal 7 g P
(iv) Convert{A3BH and 2F3H into binary [x9 +2%x9 + 3K T = B+ 18+ 3

The solutio}lotc? o |q'u'a%l're{tic equation k? -11k +22=0 2 marks =0 2'> Jo

are k=3 and k=6. What 1s the base of the number

system?

Determine the value of base x, if (193) = (623), 2 marks
What 15 (33)6 +(45)6 2 marks
Convert the following 2 marks

(1) (562.13); = (7)o

__— (1) (467.342); =(7),



k- 1l k+21=0 3 (k=3 k=€)

PRAX. & ,?) \ Fe’lf k=6
: f"s’;—) él——('ﬂ@‘r\ﬂ@)éJrQng 2P>°>=D
St : 56,(r’>+1)(+(u’5+2):o
&) —(l*f_"D‘””g)‘?’*(Z"’i*“P}'b 26-6RB-6+ 2 +2=0
B =
1= (n+1)3+(2m+2)=0 (15),
1= 3B -5+ 2% ¢ 430 | X 6 +5xéo
— B+ 3 =0 ~ 5 )
= 2 — 4l =5
M 4R =37
A=




0-6’2.’57<Jé- 5568

= e

’ 268 X pr 5-¥%D B4

5 - 338, %IT = /4 200 14 (&)

(L1C6-%5€)
|6

\V



Convert :

a) (1011), +(11010),

b) (1011010), - (1001001 ),
¢c) (10110), x(1010),

d) (1101101), +(1011),

DPP

2
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DIGITAL SYSTEM DESIGN @‘L

UNIT 1 : LOGIC SIMPLIFICATION AND COMBINATIONAL LOGIC DESIGN

Today’s Target

» Gray code

» Binary to Gray Conversion v~

» Gray to Binary Conversion Ve e

» Signed Magnitude Representation v

» 1’s Complement & 2°s Complement of a number .~
» DPP



Gray code
* The reflected binary code (RBC)

*» reflected binary (RB) or Gray code J\/ (¢ 12
¢ after Frank Gray, )

¢ two successive values differ in only one bit

o ——

* widely used to prevent spurious output from electromechanical switches

** to facilitate error correction in digital communications such as digital terrestrial

b S

television and some cable TV svsténis.

e

% Many devices indicate position by closing and opening switches. If that device

uses natural binary codes, positions 3 and 4 are next to each other but all three

ERA .

bits of the binary representation differ:

=
*(3=011 &4=100




DECIMAL

O 00 J N nh & W NN - O

T T Sy
= W N - O

—_—
W

BINARY GRAY
0000 0000
0001 00f)1
0010 00
0011 00\
A
0101 0111
0110 0101
0111 0100
1000 1100
1001 1101
100 11D
1011 1110
1100 1010
1101 1011
1110 1001
1111 1000




Gw How to Convert Binary to Gray Code
"« Convert binary (01001) to Gray Code
2R A A
O 6 O |
l Fy— OK
(O\ e )> V= AR+ AD
Y
goe 0 A%
(10) = (16710 0
O




Gray to Binary Code Converter

@

~ e Convert Gray number 01101 to binary

{(®
@






g(‘i Signed Magnitude Representation

* In the signed magnitude form;

* the MSB(Most Significant Bit) 1s used to represent the sign

* [f the sign bit 1s zero, the binary number 1s positive

* If the sign bit 1s one, the binary number is negative.

* The rest of the bits represent the magnitude of the given number.
* The negative number 1s represented by its complement form.

2



O@olomTl///Oj /
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0
(6)00{)0///\///\]

.

Do\ P D5 Du  pna, D Dl i

ol ool 1] 1]I]o]

I

Z//O /O///a/////d
168 4 5

25 3?: ]
ZZ'Z,L

A Z’



) , , P
[ 1’s Complement & 2’s Complement o
* 1’s complement of (-19) 1s:

o [19 1

Y = o0 || l

1)§ = Q ‘ \ 28 Lf O

[ / Lo 7 O

k- l S 4+ | 3 |

l'S 201 00 0

* 2°s complement of (-19) 1s: ! | 000, N )DO//>
25011 0] ’ =

25- | 001




n= | 0000
2's 3 |
> 0] 1100

no = [0 O] 00
ls> © )

(0 | |

|

—_—




e ® 1’5 complement of 0110.100 is

* 2's complement of 0110.100 is
2s > 100l |

éw

SATYWAY CLATENS



DPP

Convert :

a) (1011010110), =() Gy

b) (1011010)g,, =()y v~

¢c) Find 1's complement of number (-14.23),, "
d) Find 2’s complement of number (-26.414),,

Results:
a) (1110111101)
b) (1101100)

¢) (0001.11000)
d) (00101.10011)

2
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YEAR
20-21
18-19

UNIVERSITY QUESTIONS
QUESTION MARKS
Convert binary code (00011011) to gray code. 2 marks
Define cyclic codes 2 marks

ANSWER

(00010110)
First shide

2



l DIGITAL SYSTEM DESIGN '
UNIT 1 : LOGIC SIMPLIFICATION AND COMBINATIONAL LOGIC DESIGN
Today’s Target

> Boolean Algebra Rules
> Boolean Algebra Law .~
» De-Morgan’s Theorem e

v

» Simplification Numerical

>DPP
» AKTU University Question F 4



BOOLEAN ALGEBRA

* used to analyze and simplify the digital (logic) circuits

* uses only the binary numbers 1.e. 0 and 1

* called as Binary Algebra or logical Algebra

* nvented by George Boole in 1854

2
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éw

SATIWAY CLAERSY

Rule in Boolean Algebra
* Variable used can have only two values. A 0
>

* Binary 1 = HIGH and Binary 0 = LOW.

— )
* Complement of a variable 1s represented by an overbar (-)/(%). /] = A

* Thus if B=0 then B’=1 and if B =1 then B'=0.

A+ = 17

* ORing of the variables is represented by a plus (+) sign between them. Ex

* Logical ANDing of the two or more variable 1s represented by a dot between
them. Ex- A.B.C. or ABC.

—————————————




Boolean Laws

* There are six types of Boolean Laws. A (.o
1) Commutative law: ArB — R+A

2) Associative law: A (%Jr C> = A % q A C

3) Distributive law: A i ( S+ C> = QZH PD) s

o

P

@/“l
I\Mﬁﬂcﬂ\m

A- B= B-A

A.(%-C):(A-%)C

A+ 0= AT A=A

4) ANDIawNJrl . A+ A= |
5) OR law: Y vy A0, 20 A"ﬁ:/\
A=A N A=0

6) INVERSION law: ﬁ: A



)
..g.%'. De- Morgan’s Theorem
) (A+By=A. B AtB = A b
invert and replace OR with AND
e B — . DV\TZ
2)(AB)Y =A’+ B’ AP - /)énju@ <
invert and replace AND with O B _ﬁ’_ B )
A\Bf(%:@ A » |[A-R] (A Bl AYR
R 0 \ il \ |
O Ol o |l o
1o flo 1o
o
1 g 0O |\O




. 7))
@ Using the above laws, simplify the following expression: sw

(AHB)(A#C) Eﬁ) )
A(ptc)+ B (A+C) r

Ban

AB+ACH BBt L

AND L a4 Act AR BC
AR

OR oW AQ+Q>+ AB Y A C

K
F) >
- TR
I+ A= | A+ ABT BT 5
R ”‘@“ N A Y







@)

DR L

prRA= |

[+ A=

Simplify the following expression: C + (BC)’

C+ Bt C
[+ B

==

(>

ff:}E—CD\Y



O -
[ Simplify the following expression:(AB)’ (A’ + B)(B" + B) g/ﬂ
&
5B (At B (8P o
 H=
(Pﬁr%)(ﬂ’rﬁ)} D o
AND [ h(PrB)+ BgR) i
" 3= 0 A%M_ﬂ;tﬁ_%ﬁéé D L
FADTFRAB A D . ~m |
t = - . el M
A A(’f@fR% rs " '@\y
A+Rb ®



W O
8W  Simplify the following expression: (A+ C)(AD +AD*)+AC+C  &W

A+c)(ADf~%TD>+AL+-C B>

(Q%Q(MD*BD* cCheh OAHZI

(pro(R)T C aefol | AND leo
2+ AC+ C N DR C A= A
AA+¥>\C+C - A A A=h
A1+ e)+ & A




..,&..(\f.. Simplity the following expression: A'(A+ B)+ (B + AA)(A+B’)
A (A+f>)+(%¢ﬂpr3 (A+ E)

AR+ ABT(DT A)(P‘Jr@)
O+ APtAB+ BB+ AN+ AD
AR+ AT O At AD

(A g A1+ D)
R ARRSD
<z




g/{@- Simplify the following expression: A+ B(A + C) + AC “@

ArB(R+C )+ AC

A+ AL+ BC 4+

A(H ) + BCHRC
A+ BCHAS

A(1+C) + BC

Aem




Simplify :

a) {(AB)+C}’B

b) AB+ BC(B + ()

¢c) AB(B'C+A(C)

d (A+B +C’)(A+B’+C)(A+B+C’)

Results:

a) ABC’ /
b) B(A + C)
c) ABC

S

d A+ (B'C)

DPP

2



UNIVERSITY QUESTIONS

QUESTION
State and Prove Demorgan’s theorem

MARKS
10 marks

ANSWER

2



DIGITAL SYSTEM DESIGN

UNIT 1 : LOGIC SIMPLIFICATION AND COMBINATIONAL LOGIC DESIGN

Today’s Target

» Binary-coded decimal .~
» BCD Representation v
» BCD Addition .~

» BCD Subtraction: by 1’s and by 9’s complement method
> DPP

SATIWAY CLATESS



Binary-coded decimal

. g . ). L % 5 ¢ 7 8
* Binary-coded decimal (BCD) 1s: S / /q) ) ) ) )ﬂ

~—

* a class of binary encodings of decimal numbers

* each digit 1s represented by a fixed number of bits, usually four or eight.
.- =

* Sometimes, special bit patterns are used for a sign or other indications (e.g. error

or overflow). = O O
L9- Qiwol 1=(l) oo
~ I

o

7))



n, pBCD Representation for Decimal Digits

00 0 O dec BED
o006 O |
S0l 0 10 000] 0000

| O
ool - 000
& | O l\_ 000 oo
o010 435 01001001 0lo0]
o ! I O
Ol [ 3R Oofll 1000
HeNeNe (\oo] ol | O _
)QQ\ 9 A >6Lb—<ﬂ6>:o

2



BCD ARITHMATIC

* BCD Addition

* BCD Subtraction

SATIWAY CLATESY



BCD Addition

At first the given number are to be added using the rule of binary.

BvO =0
o+ =1
b4 8 = |

]—\-IZO},

- ] =
Case 1: the result of addition is greate_l'_ﬂm\né or'if a @;@%sent in

the result which is not valid for BCD number => Add 6 whose binary
equivalent is (0110), to the result of addition.

Result of addition consider two cases:

(Case 2: The result of addition in is less than 9, which is valid for BCD
numbers.

SATIWAY CLATESS



gﬂ Examples: (1) 1010 + 0101

- (i1) 0001 + 0101
(ii1) 0001 0001 + 0010 0110 /
o1 O =(lo) ‘572)/’
w010 =) Touocﬁw
| \ i . — M
||| (& devald BCD Nooi 8oB] = |
0 | | © .;Oo{o 01l o *24
°°0110 ] 0| o0 oyt

L° 5 21

2







BCD Subtraction

* Method of BCD Subtraction : using 1’s complement method

* Method of BCD Subtraction: using 9’s complement method

i/g C@M{{j/c won

1— 0 |
O— | 153\0

|

O

|
O

/

D%

4F

&Wumﬁ
99

_,47

52« 95

4 no

2



éw Example : (i) 0101 0100 0001 - 0010 0001 0110 (ii) (49);o=(51)

CATIWAY CLARESS

(111) (57)10 = (78) 19

Ol10 ] O[0OOOO | | 5 4 |
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BCD Subtraction: using 9°s complement method
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Write :
a) (1011010.10110), =() ep

b)
C)
d)
e)
f)
g)

(247);5 =() e

(0.01010010)gcp =() 10

(421))p +(179),5=() Bcp

(125),, -(562) ,,=() gcp using 1's and 9°s complement
(721),5 - (158) ,o=() gcpusing 1’s and 9°s complement
(845),, -(123) ;,=() gepusing 1°s and 9’s complement
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UNIT 1: LOGIC SIMPLIFICATION AND COMBINATIONAL

LOGIC DESIGN
Today’s Target
» Truth Table Formation -~
» Canonical and Standard Forms +*
» Truth table representing minterm and maxterm Fl
» Express the Boolean function as standard sum of minterms. v

» Express the Boolean function as standard sum of maxterms. »—

> DPP v
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Truth Table Formation @

SATYWAY

* A truth table represents a table having all combinations of inputs and their

corresponding result.

* It 1s possible to convert the switching equation mto a truth table Y

* For example, F(A,B,C) ‘@@a O
pe

* The output will be high (1) if A= 1 or BC = 1 or both are 1

* The number of rows in the truth table i@where n i1s the number of input

variables

e il

* Here there aressible input combination of inputs. |<

\— (
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Generate Truth Table for ;Y
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éw CANONICAL AND STANDARD FORMS

* Canonical Form -

* In Boolean algebra,Boolean function can be expressed as Canonical Disjunctive

Normal Form known a@
al romn
* Some are expressed as Canonical Conjunctive Normal Form known a

Gcl”

* In Minterm, we look for the functions where the output results in & perform

s E e

Sum of minterm x SOF

* In Maxterm we look for function where the output results in “0” & perform

Product of Maxterm = '()%

* Boolean functions expressed as a sum of minterms or product of maxterms are

\/
said to be i@@

2






) a
ew Standard Form éw

- \.

SATYIWAY CLAZEN SATIWAY CLATESNS

* In standard form Boolean function wi!l contamn all the vanables in either true form

—

or complemented form while in canonical number of variables depends on the

output of SOP or POS.

= = Canonical SOP

@ é »@ Standard SOP
@ (B+C anonical POS

* (A+B+C")(A+B+C)(A'+B+(C) = Standard POS
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éw

.

caTYwav

Truth table representing minterm and maxterm
), ¥ Z Minterms Maxterms
O 1O | O |my=3%%z M= (x+7+2)
O O [y = Yz ——-<X—I—\/1~ Z )
D | | ® W\Z_:‘i;fz' M, — (X +7+2)
O | | ST My = (X+Y+2)
| o | O |My=2Yyz = (X 4+ V+2)
( O | W‘S‘—%U\j_z Ms = (X+ Y+ 2)
/ | O Mg =nyz M 2 (X+Y+=z)
] (e xU}U_;z My = (X+Y+32)

7))
sw



éw Example — Express the Boolean function F =A + B’C as standard sum &y
& . gl |
onTm oL Of mlnterm S. ORI AN

b ;A@Jrﬁmﬂ\}@c
:<A%+AT%>(C+E)+ ABC+ A BC

ATA-A = ABC 4 A%Zﬁtﬁ:ficjﬁﬁﬁi—v)ﬁEC ABC
= AR CH ABCFABCHABRC + ABC

— =W <¥>6) S)Lf )l>




@ Express the Boolean function F =xy +x'z as a Product of maxterms @@

h=+15C = CPM%)Q—HQ)
(fxa+ ’i) (12—%2) \

- <x+ 7t><\a+ x) <7&+ 2) CB+>Z>
:<’}Z+ ) (’X—\'Z 12
e gy
gt (s

VX

igj%ﬂ) (X44+2) @MX“E}mAM

% a+ 23 ch&—F 2)(1-% ?+z> (’“}*7)

F - 2Y+ 2wz
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Example —Convert F(A, B, C) = ¥m(1.4.5.6.7) to POS FORM éw
F(A,B,C) Lém(’,%,i@}) .
= M(O/ Z/QJ>
g <A+ frt ) (%\+%+~C> (A+ Pt E)

00 (ABCLABTHARCH A&EM&)



DPP

a) Generate truth table for F =@+ @
| r

b) Generate truth table for Y= (a+c¢’) (b+c)

b) Convert Boolean expression in standard form F=y’+xz +xyz

¢) Express the Boolean function F = (A+B’)(B+C) as a product of maxterms

C—

2
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Today’s Target
» Methods to simplify the boolean function
» 2.3.4 Variable K-Map v~

» Numerical Practice .~

> DPP
» University Questions 7



Methods to simplify the boolean function
The methods used for simplifying the Boolean function are as follows -

* Karnaugh-map or K-map v

* NAND gate method

e ——

* Tabular method

R e

7))
éw

aa AY



@ 2 Variable K-Map “@

* The number of cells 1s four, since the number of variables i1s two.

* 2 variable K-Map. A B
\p\ I A varuadds = %
5 O oA Z (Mr%mﬁ\m; P =29
0| h=8 /D—D / |
//A 0 I[h=| 3 O
Bl B | |
AB o / 4




Example - X'Y+XY (s 0P)
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O |

[ |




Example - X'Y+XY+XY'

N |
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O |

[ ]

:X-{—'V
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[0)

1a

/

e

2



Example- f(A,B) = 2m(0,1,3)=A’B’+A’B+AB
- A+ P
é[*\ o |

T
UARE
(R

7 [

2
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¥ cLaRes

@ 3 Variable K-Map

"™ ¢ The number of cells in 3 variable K-map is eight, since the number of variables is
three. v ia AN

* 3 variable K-Map B o

oo[[?ﬁw 9

ol [T Hs




éw Example- F = XYZ4+XYZ+X'YZ (S0 P)
e \&oa ol /| | © e o
Z 1 | lﬂ\/ X
O b
s ' OO0
U F=Xyr\Nz | N
7 jy i1
Yz o




Example- F(X,Y.Z) = (1,3,4,5.6,7)
i

2
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éw

SATYIWAY CLAZEN

* number of cells in 4 variable K-map 1s sixteen 7

* 4 variable K-Map.

4 Varniable K-Map

e

A®
» 00 Ol /|

ra

8/

=6

/D
Ol l 32 7)
b 5 T
S T v
D | T

2



é;) Example-f(a,b,c,d) =2m(0,3,5,7,10,11,12,13,14,15) = 9/‘3
.= [IM(1,2,4,6,8.9) b=
d&\)oo o | | ] /o___ &\DOO sil 1l |p
C | ‘ 0 |2 A
2 D-@ Y | |2 3 / co\op u \\@Z— {@Eﬂ
| T o110 *] Mol -
aLCd R i K T 8 ' (@+b+9
o Lf ) c 4 zO(W i
ol A ST (brerd)ofd \
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Example: F=1IM(3,4,6,7,11,12,13,14,15) = pp S

@oo /O/ || K/%éﬂ>> )
CDoO/ ’ OEO .

- , 3 Ol o
14/03 (7 O Y

@
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a) Example : Minimize the following Boolean function using sum of products
(SOP): fa,b,c.d)= 2em(3,7,11,12,13,14.15)

b) Simplify the expression F(A,B,C.D)=ACD+ A'B + D’ by K map
c) Simplify the logic function using K-map F(A,B,C,D)=Xm(0,1,8,9,11,15)

2
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YEAR
21-22

21-22

20-21

UNIVERSITY QUESTIONS

QUESTION MARKS ANSWER

Simplify the expression F(A,B,C) =AB+BC+A’ by K 2 marks A'+B
map

Minimize the following Boolean function 10 marks BD+A'C’D™+

F(A,B,.C.D)=Xm(0,3,4,5,7,9.13,14,15) A’CD+AC’ D+
ABC

Simplify using K map to obtain a minimum POS 10 marks (B +C+D)

expression: (A+B+C’)

(A’+B’+C+D)(A+B’+C+D)(A+B+C’+D’) (B+C’+D)

(A+B+C+D’) (A+B+C™+D)

2
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» 5,6 Variable K-Map «~
» Numerical Practice v~

» DPP

» University Questions V.



éw Don’t Care (Incompletely Specified) Conditions &

* Some times, not all values of a function are defined

S

* Some input conditions will never occur

* We don’t care what the output 1s for that input condition

* In these cases, we can choose the output to be either O or 1, whichever simplifies

p—

S—

the circuit.
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@

G/Q Example: A circuit 1s to have an output of 1 if a binary coded decimal
e (BCD) digit 1s a multiple of 3 AP cCc D] N .
2 5 o1 0 o WO 125538 &0 ol
CDdo o 117(‘?' '% = F'}ﬂ ( ) 1) NV 5 B r o O

t lea 0 ) 213514150 o o [ ] [
,iL— ﬁ(zﬂ\/}@ +d< I Lb) o [ o O O
DD 6 [ ol |0 v«

2| o | o ||
/‘D (\',/Xl X &1 1 | | ©f
— B \ [l o 6 ©|0O .~

BCD = —Fo &l

o | o |X

F=AD+ BCPH+ BCD o || |X

SAD + ¢ (RDA T o 0 X

=~ AL C<3 %B> [l & 1 [X

=] +Q<g@b> L1 Lo X%




éw Product of sums: éw
= FeTTM(o,1,2,4,5,3 8)+d(10,1,12,13, )Q})s*) o
A 5 = _
oo ol 1\ 10 F:(HD) B+D ) (H+CT+D)
CDoaﬁ =i XM :O l (4 D C ><
/ol#'b’ OF [ X L Q\+ C)
3 7 ‘ | B
(,&1—6) :é " Oéﬁ&L\(éJf D>
(Of "I

I(" )<[O
bt

R _
(3+C+ b




\-

- - ) -
éw 5 Variable K-Map oW

* The number of cells in 5 variable K-map 1s thirty-two ?_5: %0
* Svariable K-Map.

A=D ¢ A=
60
e o 6! 11 1D % E] ézl) |7|,% ,bza
DE S a g B 00| )
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6 Variable K-Map
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éw DPP

a) Minimize:y=2Im(0,1,2,3,5,6,7,8,14,15) + d(4,11,13)

b) Minimize the logic function: F(A,B,C,D,E)=m(8,9,10,11,13,15, 16,18,21,

24,25,26, 27,30,31)

(@
163



2

YEAR
22-23

19-20

UNIVERSITY QUESTIONS
QUESTION MARKS
Simplify the logic function using K-map 10 marks

Y=Im(0, 2, 3,4,6,7,9,11,16,18,19,20,22,23,25,27) v

Simplify the logic expression wusing K map 10 marks
F(A,B,C,D.EF) = £m(0,5,7,8,9,12,13,23,24 25, 28,29,
37,40,42.44 46,55,56,57.60,61) .~

ANSWER

2
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UNIT 1 : LOGIC SIMPLIFICATION AND COMBINATIONAL LOGIC DESIGN

Today’s Target
» Tabulation Method v
» Numerical Practice

» DPP v

» University Questions i
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Tabulation Method

STEP 1:

* Convert Minterm List to Prime Implicant List

STEP 2:

* Choose All Essential Prime Implicants

R,

* If all minterms are covered, stop

STEP 3:

*  Formulate the Reduced Cover Table

GW

=g

SATYWAY CLATENS



) EXAMPLE:

GW SO = imy, my, my, ms, ms, mg, my,, my;, myz M) G/\l\?
= =%1(0.1.2.3.5.8.10. 11.13. 15) &
G\ Mo 000@\/ ABcp
5 Oog? \ " OOOW\/ B, 006 - O/lj2}§ OO___,(E‘FI>
0 | o_ I
VYFL‘(C))O | O CQW\L o D0 g’é Ooog\/\/ 0/2/8;‘D ‘D—OCBFL>
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Simplify the following expression using Tabulation Method G/V?
\=
F(A,B.C.D)=3Y¥m(0.4.8,10,12,13,15) + d(1,2) s e
Qi wmo 00600 ¥ 0,4 0-00v Oz 2% 50 (eP1)
0 -000 %2 10 _ o
T e o o 0 0o—(7D i @0 (WL
mg (00D Vv y o ;
dzl, bol o v L)z —]00V Lo [u] 8]io]iz]13)15 I’IZ;
_ - — x
R I R x (91~
My |loDV 1’0 -OIO‘/ R’D X X@ X N
W) 0| v —2 _ 3E= I¥
M e VeI e 15— (V) NBE =
Gg M]S BEN [2 15 NG — l(’(\/> APic,
. ’ ASD X | X)







DPP

a) Minimize the following Boolean function using Tabulation Method:

F(A,B,C,D)=ym(0,1,2,3,4,6,7,11,12,15)

b) Simplify the expression F(A,B,C,D.E )=35m(8,9,10,11,13,15,16,18, 21,24,
25,26,27,30,31)

¢) Simplify the logic function using Quine Mc Cluskey method
F(A.B,C.D)=Xm(0,1,2,3,11,12,14,15)

2



UNIVERSITY QUESTIONS
YEAR QUESTION MARKS ANSWER

22-23 Minimize y = ¥m(0,1,2,3,5,6,7.8,14,15) +| 10 marks |Y=A'+BC+B'C’D’
d(4,11,13) using tabular method.

19-20 Minimize the logic function using Quine-{ 10 marks |F=BC+ABD+ACE’
McCluskey Method +A'BE+AB'CD’E
F(A, B.C,D,E)= Zm(8.9,10,11,13,15, 16,
18,21,24,25,26,27,30,31)

18-19 Minimize the following using Quine-| 10 marks |F=A'B'C’D’+A’BDE

McCluskey methOd:
F(A,B, C, D=Xm(0,1, 9,15, 24, 29, 30) +

+ A’'BC’E + BC'D’E’
+ ABCE + ABCD
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NAND GATE IMPLEMENTATION OF CIRCUIT

o

7))

»NAND gate 1s a universal gate

» Function should be in SOP form

»Obtain simplified Boolean function in terms of Boolean operators and then

convert the function to NAND logic.

»Implement the function with AND & OR gates.

»Replace AND with NAND gate.

»Replace OR gate by invert OR(NAND) gate.

»Two bubbles on same line denote double complement & both can be removed.

i
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Example: F=AB + CD Implement using NAND gates only.

* Step 1: Implement using Basic gates.

* Step 2: Convert AND to NAND and OR to invert OR.

* Step 3: Replace invert OR by NAND gate.

o

éw
=
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N
@:\R’ Example: F = (A+B) (A+C) Implement using NAND gates only.

mm;;(m ) (A+C) AL

_ p(r+O) 1 B(RFO)
_ A A+ ACT - Ax i<
- A + AC ¥ ADT ES

A1 W 2 ouie, Goles

L T




¢ )
GW Example: F = ¥m(1,3,5,8,9,11,15) +d(2,13) sw

L. Z ﬁ T ~ Implement using NAND gates only.
i L Y \?_/ m% AN
o g _ | "
ol /‘)n’}/ 5D<b _ P
Io{ X© vl \L? g l F
F— CD+ RD+AD - (N
. b
T ABC : —<¢
D sl
E 1D .
D — 3\
- 3 a
; S
c x ¢S D —




@ Example: {(A,B,C.D) = nM( 1,2,3,8,9,10,11,14) . d(7,15)

. - A
e Implement using NAND gates only. ..g{‘i
B,C,D
géﬁg o | >I/ %MQO Q’B/é/| ,3> + d (:r’ IS)
CPgo()o ' -T;,__ % B —
ol NSl P o = -}/L
|,¥3 —X\S \! 'A‘ “ }\
0| Z&vl\ s B > "’ 76
J-BC+ARTACTD P
e W D
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Implement using NAND gates only:
a) Y=Xm(0,1,3,7,11,15)+d(8,9,13)
b) F=FAB+AC’+BC

¢) F=nM(6.9,11,13,14,17.20,25,28.29,30) v

2



UNIVERSITY QUESTIONS
YEAR QUESTION MARKS ANSWER
22-23 Give the general procedure for converting a 10 marks | F=z+xy + xy’
multilevel AND-OR diagram into an all
NAND diagram)lmplement the following Boolean
function with NAND gates only,
F(x, y,z) =2m(1,2,3,4,5(7)
17-18 Implement the Expression Y =ABC”+ BD + E

using Nand gate only.

2 marks
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