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AKTU : DIGITAL SYSTEM DESIGN (BEC-302) Syllabus

UNIT-1 : 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.
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Number system : A number system is a way to represent and express numbers using a set of
symbols (digits). The most commonly used number systems in digital technology are

e

(1) Binary 7 Rase- 2 (O)i)

') Decimal

'3) Octal v

v

4] Hexadecimal

Base or radix:

The number of symbols used in a number system is called base or radix of the number system.
Eg: In decimal number system — Base is 10

In Binary number system — Base is 2

In Hexadecimal number system — Base is 16 etc



éw
Number System | Base / Radix Digits Used Example
Binary 2 0,1 (101111),
Octal 8 0,1,2,3,4,56,7 c§J-?) (47525)g
Decimal 10 0,1,23,4,5,6,7,8,9 (316875)4¢
_He(“xaade#im_g_l lo 16 0,1,2,34,5,6,7,8,9,A,B,C,D,E,F (9B21A)46

NOTE : A = 10,
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__@ Common Terminology in Digital Electronics }f/“.'..,
2 Nibble= 8 ht = | %J&e
Bit: A binary digit is called a bit. Example:Oor1 e = 2Byfe= (6 bit =4 Nib
Nibble: A group of four bits is called a Nibble. cxample: 0110, 1110 etc. | DwW =Qursd =4 Rfe = 32 1k
Byte: A group of eight bits is called a byte. cxamele: 01101101, 11010011 etc.

Word:- A group of two bytes ( 16 bits) is called a Word. MBS =

Double word:- A group of two words ( 4 bytes or 32 bits) is called a double Word.
Most significant bit (MSB): The left most bit of a binary number which has the highest place value is

called most significant bit.

Least significant bit (LSB): The right most bit of a binary number which has the least place value is

called least significant bit.
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Decimal number system is the commonly used number system. It is known as base (or radix) ten

/) . /)
Sw Decimal Number system g/wm

systems because it has ten digits O to 9 that can be used to represent any number.

P
Tntegar part 'b@r Hrachonal Qasl

— > Digiks L
3 23]+ [ 7]
i\ s A 3 I ) éﬁle\’s'\m‘\ TC»B&'WNS
- 2 Y
Ne'w = 0" 10" o o, 6 16 o

Example - 234.78=(2 x 10%) + (3 x 10%) + (4 x 10°) + (7 x 101) + (8 x 10°?)

=200+30+4+0.7+0.08
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“%_{?_‘ lnary umbper SYS em E/‘:’

The binary number has a radix of 2. As r = 2, only two digits are needed, and these are 0 and 1. In

binary system weight is expressed as power of 2.
.\
In{ejfcv Port Ve fractional Part

913\{25 e ’1 O O 1 |6 l
Wosihon Value —> < = 9 1 (O —{) —2i =5
b 5 - ~+
llejehp — P | 0\l ’j
= L9 g v B

Example :- (1001.01)2=[(1)xz3]+[(O)XZ? J4[ (0 ) x 21 J+[ (1) x29)4[ (0 ) x 2] +[( 1) x 2°¢]
(1001.01),=[1x8]+[0x4]+[0x2]+[1x1]+[0x05]+[1x0.25]

(1001.01)2 - (9.25)10

'-——‘



/) > = 8 42 | Decimal | Bingry | 7" | octal Hexadec.
GW v v 0 8421
&7 T Lo i * --
——— . i 0 0000 0 0
Octal Number system = " 0001 " "
O-7) 2 = ] + O O
ctal and hexadecimal, are used for representing large binary 2 0010 p 2
numbers. Octal systems use a base or radix of 8. It uses first | 3 0011 3 3
: 5 : -4 0100 4 4
eight digits(0- 7) of decimal number system.
5 0101 5 5
5 ¢ o 6 0110 6 6
Hexa Decimal Number System (0-9) Q\ ) 7 0111 7 7
The hexadecimal numbering system has a base of 16. There s i ik s s 2
| . | 9 1001 11 9
are 16 symbols. The decimal digits O to 9 are used as the first 10 1010 12 A
ten digits as in the decimal system, followed by the letters A, 11 1011 13 B
B, C, D, E and F, which represent the values 10, 11,12,13,14 12 | 1100 14 c
. 13 1101 15 D
and 15 respectively.
14 1110 16 E
15 1111 17 F




@/w Methods of Number system conversion

CATYNAY CLAREN

» Universal Method of Number system conversion

N\ /7N

Any base Decimal

» Easy Method for some Number system conversion

Base Binary
! ¥ v’
4, 8, 16 2
Base Group of binary digits
4 2
8 3

16 4

Any base

Base

4, 8,16



@/w (1) Binary to base 4 conversion

CATYNAY CAREN

fxample - (1000 100.1001), = (?),
IOT|IO Q\O [\ \o O) °\‘ Ono.l |

7300 33

A O L @) 2.

10102
( )
(2) base 4 to binary conversion

Example : (322.3), = (?);

3 2 2 . 3
= \\\o\o -
vy UL sy

) lo o

/)
(1) Binary to base 4 conversion @/w
Example : (110101.10), = (? )4
O

LlJ)LJp‘I.\LS)J
=T

@1-2),

(2) base 4 to binary conversion
Example: (132.13), = (?),
s 2 e oo
RN ( hr}

0 b o o N
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@/w (1) Binary to octal conversion AKTU-2024-25

SATYNAY CLAREMN

ple (1000 10100.110101), = (7 )8

k\OOJIOIC)lQollol
! J I
A

2 4-

(424-@‘5)8

(2) Octal to binary conversion
ple : (325.63)g = (?),

A7 D=
oo )N
O olo lol o o

(oM ool oon)

=2" (=D a

(1) Binary to octal conversion Q,W

(1110 10101.0101), = (?)g
I 1 Lol olol-0l g0,

1 v J J J
7 2 5 2 4
(725 24)

8

(2) Octal to binary conversion
nle : (147.26)g = (7 ),

4 1o s
v oLl

:koo\\dm\\-mono)
Oof lgv W 0o o

“
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“““““ " (3) Hexadecimal to binary conversion Hexadecimal to binary conversion ——
(ABC)16 = (7), ample : (A3B )16 = (?);
A 3 . a = 83
\/ U \Y (olO o0 0!/

Wolle | ol 1100

(IOIo 00)| 101 /)
(&
OOIo/oH HOo)
2

(4) Binary to Hexadecimal conversion

(1000 10100.110101), = (? )46

(2F3 )16 - (7)2 AKTU‘202324

2 F
7 0 5 ‘OOO\QOO\]@\OQ-JIO\}w
0ol Il 00l L 4 B0 &
oo(oll | ool
( 76 (14 Da)

16
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7)) 7))
@)N (5) Octal to Hexadecimal conversion (6) Hexadecimal to octal @M

Easy Method : Octal — Binary = Hexadecimal Easy Method : Hexadecimal — Binary — Octal
Example : (642)g = (? )16 Example: (1AF.BD),6= (?)g
6 2 F A £ - B D
B
l1o oo Olo PL> 2 0ool (olo (i1 (ol] //O/D%
0//0 J[1O (] |]O
000] 10100010, Q0 QlofJ1idell lig o,
. ) P 65359 9
I T
| (657-572)
3
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@)N Any base to decimal conversion
"(1) Binary to decimal : Example (1011.11),= (? )10
C oL/ | LU
3 L?. 1 (o —l) —ZD
2@ 2‘2.(} 2| (/20 2,1 >-
Ux’zg) - (o X2 ) +Qx2.')+Qx2,°) -rQ x?f‘) sz?
|+ 05 +025 =(UT5), A
(2) Octal to decimal : Example (354.15)g= (? )10

o T T
( 2 Q\ QO "}‘1» S t4o+ 4 dong 4 0 ONQRS
e g go &" L

: :(Qge-Zo?,,(ZS)
VD4R ) ) + ey ’
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@/w (3) Hexadecimal to decimal : Example (AB2.2C)16= (?)10
catvmay cuassns UO)A, Q{)B 2_ . = CQZ)
9 (NCE

> ! 16 et e

UOX /é?-) ’fQ'X/é/)—r(Qxléo) -f-LZXlg") —f(;zx(é.Z)

(2560) + (176) + 2 ~+ 0125 + 0046875
= (2738171835),,

(4) Other conversion : Example (213.23)4= (? )10
2 s R
G CCES
SSVARSE S P
:exq L) + sz.‘.\) ’\KSXQO) '*\ZX4—') _\,bx 4_2_)
= 324443 4+ 0.5 + O-lans = @%-A&%)
o

éw

GATMWAY LA
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@N (5) Other conversion : e (123)9= (? )10 AKTU-2023-24 Q/W
........ = I - B ;Ij&*'c" .

S
1 9" 9° et
(1x9%) + (2x9') +(3xT)
S el el =k

(/02)/
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(1) Decimal to Binary

r 4

It T?th

7 :Q 5119 Remamda
2] 159 LA

|| 1.

2 39 1

SO N

X 9 1

2 1

& e

ar O

' B e e

— &

O
]

Decimal to any Base conversion

Frachional Fm’t'

O 6518 X2 = |35
01315 x22 = 0-18
015 x27,= |50
050,90 = |90

:Qoom MBI
2

e
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GW (2) Decimal to Octal : | (378.93)10= (?)s AKTU-2023-24 IS

......... ..8 <79 @ O e ;4;;: ;
3|4+ =27 Sisnsl = - (572713412
8 5 = O‘S’LXB = 4',6 4’ ( )&
S O:-79%x 8 = 909 2 \\/
\ (572 (123
(3) Decimal to Hexadecimal :
| (256)10= (? )16 lasa @® Example (i) (454.523)10= (? )16
|
60 16 O oo 1 D¢ S
T )H - 0 888xICL = 14208 13 (e
i 5 — K \ \ O'Z.OQY\Q Z 2298 = \!
\
| S -(1¢6- 85 £3)
H
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-S'ﬁm(ll) Other conversion : Example (2230),= (?); e
5230 ® | 3|2 ®
22 | O T2 \J@) ESEETA
> O DQQ\M' 3 ‘9
e e .
31 6 -
£ 4%) 1(3 x4 o [
(9x47)H @X47) +@x%) +0 x4 313 o
128 + 32 +1|2 t© O D
:Q72)m
:KQ010)>



Q. Convert the following

(i) Binary (111101110 ), to Octal
(ii) (5A9.B4)16=(?),

(iii) (3102.12), to decimal

(iv) Decimal number 37 to binary
(v) Decimal number 24.6 to binary

(vi) Decimal number 35.45 to octal

UNIT-1 DPP-1

Ans:- (756),
Ans:-(10110101001.10110100),
Ans:- (210.375),,

Ans:- 100101

Ans:- 11000.10011

Ans:- (43.34631),
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AKTU : DIGITAL SYSTEM DESIGN (BEC-302) Syllabus

UNIT-1 : 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.



@:\3 Binary Arithmetic
(1) Binary Addition
it Al SUM CARRY
it PR
5 J >3 +0 =0+~ 0
2> > <® 0+1 =1+ 0
2 1+0=1 v« 0
1Y 1+1 = 0
1 +1%+1 =1 1
Note:
(i) 1+1=10"
SUM =0 Carry=1
(i) 1 +1+ 1 =11
SUM =1 Carry=1

—
2)3 (!

R —

L
& =

;7
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@/w Example - 1.: Add (1110), and (1100), Example? -21: Add (11001), and (10111), @/w

e [ 1] O |
10 O O
o | © O

' GaTIWAY CLASESS

Example - 3 : Add binary n\umber (1110.110), to (1100.011),
b

IO G
100 oy
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(1) Binary Subtraction

\0 °—> junit

2
9
X

3
e,_
.

Note:

e

10-1
2-1

Binary Arithmetic

Subtraction Borrow
0-0= 0 0
1-0= 1 0
1-1= @ 0
0-1= 1 14~
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@/w Example -1 : Subtract (10110), from (11011), Example -3 : Subtract (0101), from (1100), @}'

i %2 O ﬂ O 2/_\/ o eaTwav ciasses
e v v 8 IO
O I | O c IO |
O 0O L O 1 o\
Example - 2 : Subtract (00001), from (11000), Example - 4 : Subtract (010111), from (100010),
02y A
EASIRS oS
£+ 00010
0000 | O1 01 )

IR 000 |
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7 )
Complements @}M
Complements are used in the digital computers in order to simplify the subtraction operation gnd
’ ' (DS [E'S
for the logical manipulation = CU"le"\@'\i' — 2° i 3AR

For Binary System OH )= Wlﬂment > \’S @ c\JL_ﬁ @
J /

) 1 S complement Octed Decimay Hex decimal

B

i) 2‘S complement o |G “d el 15 (5 15

\ 17 3 o ||

1'S complement ?? é{% T%l]/ﬂsw \ | | \2 5 4

S |\ 0\ KA‘_BO QO v

Given Numbet <\ 1" S complement 5 . C(C s

1010 8’36@/ 0101 Vv~ IR 4‘)
e == e

(B¢
11010101 00101010 w\
3

1001 0110
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2’ S complement = 1’ S complement + 1

Given 1’ S complement 2’ S complement
1011 0100 0100
Ol o0 : )
O\ Ol —25Gmplamerts
\’S
/\ '
10110010 01001101 01001101

T

0100) I\Q_Q’s@mfhmw

D
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GWBinary Subtraction 1‘ S/c{,mplement cw
A-B=A+ (-L e Cpm\:»\amen‘t

STEP — 1 : Find the 1’S complement of the number to be subtracted
STEP — 2 : Perform addition
STEP — 3 : CASE — 1 :Ifthe final carry is 1, then add it to the result obtained in step-2

CASE — 2t If the final carry is zero, result obtain in step-2 is negative and in the 1'S complement form

Example — 1 : Subtract using 1’ S complement (1011 1); — (0100),

B =0lo0 A :
| \
1stmf>bmevd6'{B:\O|L \\Q\l_a,f\
WeRN > R
0 o
\
O 1))




SATYNAY CLAN

LA i
B —> |60 |

'S GmpdR—> o1 1 O
Add
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CATYNAY CAREN

A-B=A+(-B)

STEP — 1 : Find the 2’ S complement of number to be subtracted
STEP — 2 : Perform addition
STEP — 3 : CASE — 1 : If the final carry is generated, then the result is positive and is in its true form
CASE — 2t If the final carry is no{generated, then the result is negative and is in its 2’ S complement form.
O
Example — 1 : Subtract using 2’ S complement (1001), — (0101), —— (O cm)z
B O |0 iy | e _ B
SHR O olo foiad
s w- 4\ | O | |

_\\O\\—P_\s 110100

sty



“f“! Example — 2 : Subtract using 2’ S complement (0100), — (1001), —7 —(o101) éw
AG‘J Lp = e
g — OO
1S bmpdfs - O [ ) O ol o O o?isCamPaJr lo |
QSC(MP - S C ol I OlOO*-%I's
D 2 Ol o | :
| i Carta 150 ol A
Anawe | lS ~Ve_
and \Y\ZS Cng

o,
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i) 9°S complement

i) 10°S complement

9°S complement

Gi

an Numbet

tq' %9 4
2467

75468

9° S complement
9999

-2467 ‘
532 —> 9 s
+ |

f'—lS'L‘j(,——\}\o)_g
99999

-75468
— |
— 2483 9§
e

_ )
24533 303
e ——
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Given Number
394949

4862
SIB?

65432

10’ S complement = 9’ S complement + 1

9’ S complement

2137

34567

10’ S complement

2137
st |
5138 oS

34567

24S6Q&] 105
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A-B=A+(B)

STEP — 1 : Find the 9’S complement of B
STEP — 2 : Add A and 9’S complement of B
STEP — 3 : CASE — 1 :Ifthe final carry is 1, then add it to the result obtained in step-2
CASE — 2t If the final carry is zero, result obtain in step-2 is negative and in the 9’S
complement form | )
. { 4
Example — 1: (4—37 e 5 using 9. pel
(,\@f Lé R ] 6 4‘~
ERERN T 120
ﬂ\ S = o(\;&"\ p \
- -
76 & =02

—_—
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Sw Example — 2 :

M g3 B ~ 4—83 7
| 9 97
7%8’#43? g 2 5
ﬁ5éo‘2 S
Ol7 9 7

Anvi ﬁ’S Comp 417197

q 4 9
T

e )

A“’Seh = —-<ZQZ))O

4
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A-B=A+(-B)

STEP — 1 : Find the 10’ S complement B
STEP — 2 : Add A and 10’ S complement B
STEP — 3 : CASE — 1 ¢ If the final carry is generated, then the result is positive and is in its true form

CASE — 2 ¢ If the final carry is not generated, then the result is negative and is inits 2’ S

complement form.

Example — 1 : %37—’)_’5‘5 ) Uls'mﬂ )o’s a4 7]
> i 7 ¢ 5
oS 4R 79 ¢4 _
2.2 5 N2 0 ZM)M(x
i _
Tt \‘Mccmq
7 65 348 I
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SW Example — 2: Q/w

casrmar crasees q q q cavewar ciases
93 5 —** - 7 a8
: 9 9 < > 5 = ,
(0% 4427 = 427 G L ey e
56 2
ey O] 798 4 2+ | ,
58 3 g g—\/e O% =3 le s

'R“QDANW:— Q2
(2 ~
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Digital System Design
UNIT-1L2:DPP

0. Perform following operation as indicated.

.
1.
1.
V.
V.
VL.

VII.

Subtract using 1's complement: (10111), — (110011),

find the 1's and 2’s compliment of (010100),
Determine 2’s complement of (1010.110)..

Convert (25.125),, into Hexadecimal number.

Add binary number (1011), and (1111),.

Subtract using 10’s complement: (9754),,— (364),,
Subtract using 1's complement: (10111), - (110011),

2
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AKTU : DIGITAL SYSTEM DESIGN (BEC-302) Syllabus

UNIT-1 : Logic simplification and combinational logic design

» Number Systems

» Binary arithmetic

» Signed magnitude representation v
> Binary E&jes, kode conversion?/

» Review of Boolean algebra and Demorgans theorem

» SOP & POS forms

» Canonical forms
» Karnaugh maps up to 5 variables

» Tabulation method.



- Y. 2 =056 -
“g{‘i Signed magnitude representation 2( O - Zggaﬁ = +7m “g/\t .

It is @ method for storing signed binary numbers (numbers that can be either + or - ). In this system, one bit of

the binary number is dedicated to the sign, and the remaining bits represent the number's magnitude (its
absolute value).

Sign Bit: The most significant bit (MSB), or the leftmost bit, is the sign bit. A O for +ve & 1 For — ve Number.
Magnitude Bits: The remaining bits represent the magnitude of the number in standard binary.

For example, using an 8-bit system: > Sigabit

* The decimal number +53 would be represented as{0/0110101

* The decimal number -53 would be represented as|1/011010 1.

Range :- For a 8-digit number range is 0 to 255. But in signed magnitude representation range will be -127 to

+127.

Hence largest negative numberis -127 or|111 111111 &
largest positive numberis +127 or |01 111111
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Signed Complement Numbers

When representing negative numbers in binary, two common systems are used:
/1’5 Complement Representation
/2’5 Complement Representation

Both methods allow positive and negative numbers to be stored in binary format.

1. 1’s Complement

Positive numbers -»| same as normal binary.

Negative numbers —3| take the binary of the absolute value, then invert all bits (0 - 1, 1 - 0).

Example (with 4-bit system):
Represent +5 and -5.
+5 in binary (4-bit) = 0101
-5 - take 5 (0101), invert - 1010

@



@

AO Lo
2’s Complement Representation T
Positive numbers:|written as normal binary. [ O e
Negative numbers: Take binary of positive number. _ G
[ O |

Find 1’s complement (invert).

Add 1.

Example (using 4 bits): +5=0101

To get —5:
Invert - 1010
Add1- 1010+ 1=1011
So-5=1011 (2’s complement form).



@/w Addition of signed Numbers

)
ew
Case-1 : Addition of both positive numbers Case2: Smaller Number i j =
& bt e o+
Ex. +5 & +12 r__r?sg‘“ | | Ex.-5&+12 +5 = /0O OOOO\OI’)
*5 - ocloocooco |l Ol J‘SCampa,-53 ‘ |\‘\O|IQ
t12 = [0j 000 | | 00 N R
OOOIOool = 0 = T T T O s Y 1
Sgnbit < T A +2 = |plooo1 100
(+) i x<=\[0]8 000 | | |
Avi wes = +19 '3 tscand rme l'35'9"'b|{ ’A_v‘/»\
Avdwer . 43 g
Case3: Large Number is Negative

Case 4: Both Numbers are Negative

Ex.+5&-12 Ex.-5 &-12



+ 5
+ 5

#-)2

6 oool O |

—12 —> 25 Lomp ] +12

35 =% 0O ool {0
tS )
Ay I 11 6100
15> 8 DooO o]
> | 1y o]0
\ () L oQ |
%\'?:\b))te__li \\\I/ \J\
Y 95 Comp 4 o)

—5 |

Ll Aower ) \\o_c_>|\ — 2’8 NP
| 71 1000 —5 {'s G
occod ) |
{inll powo —BF
Ex
S ——
@&~ , -1
L)' L2's
S\av\-q)
A nyue QJS(mN\D



* Take 2’s complement of subtrahend

* Add it to the minuend (including sign bits).

Subtraction of sighed Numbers

* A carry out of the sign bit position should be discarded.

+ A-B=A+(-B)

Ex1. Perform (- 5)—( 12)

> =D

o?séampog&s)ﬁ -S > \ ]H \(0\ |
.1.'2_"3 OOOO\‘OO -

‘ﬁ Goo

s G
e
| number(4 ) fagpovay
‘ﬁ\m—» L

7))
pooo Il 92 (S
X ’ﬁ
€ | B
1) ] 1 o1 0o
S+ (-12)
ﬁ
Ex.2 Perf‘or{n (-5) - (+12)
1 \
~5=Qslmp A+ = 1 1111 6 ||
-2 =1 1119} 60O
12-28 Gmpd| +12 d
discrde ! \W\
v \
(Ve P
-HO\\\O-\E\]S
Go | g0 0|




) Binary Codes <)
ow ’ oW

“"« A binary code is a system of representing information (numbers, characters, symbols) using Os and 1s.
* Each element of the information is represented by a group of bits (code word).
* Used in digital systems, computers, and communication.
Types of Binary Codes
(A) Weighted Codes

Each bit position has a fixed weight.

Ex. BCD code, 8421 code, 2421 code

(B) Non-Weighted Codes

Do not use positional weights.

Gray Code, Excess Code

(C) Alphanumeric Codes

Represent letters, numbers, and symbols.

ASCI| Code , EBCDIC code



2

- Binary Codes .

2

BINARY CODES - FLOW CHART

BINARY CODES

Weighted Codes Non-Weighted Codes Alphanumeric Codes Error Control Codes

* BCD (8421) * Excess-3  ASCII (7/8-bit) * Parity Bit (Error Detect)
* 2421 Code * Gray Code « EBCDIC (8-bit) * Hamming Code (Detect + Correct)



) |
@/W BCD Code (8421 code) Decimal | Binary BCD (8421)
—— T §) 0 | 0000 0000
* BCD (Binary Coded Decimal)Decimal digits (0-9)  invdd 0001 0001
are represented by 4-bit binary numbers. 2 0010 0010
«  But with 4 bits we can represent 0000 to 1111 (16 3 | 0011 0011
4 1 1
numbers). In BCD remaining six numbers (1010 to o X il Ll
5 0101 0101
1111) are invalid. €A *
6 0110 0110
Conversion of Decimal to BCD 5 0111 0111
(1) 78 (ii) 236 2 2 G 8 | 1000 1000
- q 0olo 0ol| O\ 1O G 1001 10016
| , {
-

o e RaD (adg +10— | 1010 0001,0000
o1\ )OO0 O 0\0 Ooll'a) () 11 1011 0001 0001
2o ‘ 12 1100 0001 0010

o 13 1101 0001 0011
el . 14 | 1110 0001 0100
15 1111 00010101
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éw

éw
&7 Advantages of BCD Code

* Easy Conversion - Direct conversion between decimal digits and binary form.

* Human-friendly - Representation is closer to decimal, making it easier for humans to read.

e ————

* Reduces coding errors - Each decimal digit is separately encoded, making debugging easy.

Disadvantages of BCD Code
* Not space-efficient - Uses 4 bits for only 10 digits (0000-1001). Six combinations (1010-1111) are unused.
* Slower arithmetic - Addition and subtraction are moare complex compared to pure binary and having
different rules
* Less memory-efficient - Compared to pure binary, it consumes more storage.
Applications of BCD Code
* Digital Displays - 7-segment displays in calculators, digital clocks, counters.

* Financial Calculators = Used where decimal accuracy is needed (avoids binary rounding errors).

Digital Systems - Where decimal data input/output is common (e.g., billing machines, digital meters).



D

- | o U/ 2421 code
@}J i 0 4 2 | o
S z 75
o | O |
NRINE 2 :
* Weighted code with weights 2,4,2,1. Decimal Binary | s Lous |
- . 0 0000 0000
* Two position has the same weights —
1 0001 0001
* There could be two possible bit pattern for some PR 2"' 0010 | 0010
decimal numbers f; 3 0011 | 0011
* But we can use only one 4 0100 0100
5 0101 1011
* Ex. 5 1011 (2+0+2+1=5). g 0110 1100
7 0111 1100
8 1000 3110
Other codes are 3321, 4221, 5211, 5421, 6311, 7421,
9 1001 1111
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C.) Excess 3 code

Decimal BCD p Excess 3
* Derived from BCD by adding 3 (0011) to each digit. 0 ’ 0000 +o oﬁ% 0011
* Example: 2| ooo1 0100
Decimal 5 - BCD (0101) + 0011 = 1000 2| 0010 | 0101
« Self-complementing code (9’s complement easy). -3 | o011 | 0110
Ex:- 4 | 0100 0111
(1) 245 (i) 37 2 - 5 0101 1000

i |
5 4 5 6ol ohileto | 6 | 0110 | 1001
O oll +13 7 0111 1010

0010 oloo 0lo] et QoL@ | ]
0011 0oll 001l 43 \ O~ €10 8 | 1000 1011
9 1001 | 1100

010] 0]y %0 \ [0110 1016] B -
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@W Gray Code (Reflected Binary Code) @/

SATYNAY O

«“"“Consecutive numbers differ by only one bit (minimizes errors). Also known as unit distance code or cyclic codes

* Example (3-bit Gray code):000, 001, 011, 010, 110, 111, 101, 100Used in position encoders.

| : - A bit
we e AN ese oo
500 OO0 0
O —~ O« OO> O O.| e | OOl I Lxo
ot A0 ) Ol 1e—
L I—= DRV [Tl O ¥ ! O | 0% L DL\ cee
> ys | O ) & ®)
](O(—-j |
s 05 \\ 03 .a'_ﬂél /) O (1]
N Oz R O |0l
— O | OOQ 100
. 00 | Of
| |
e
Weolls
Lo |
\ OO
100D
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~=wemAdvantages of Gray Code

Error Reduction = Only 1 bit changes, minimizing errors in transmission.
Sl snnns

Simple hardware implementation - Especially useful in position sensors.

7

* Used in Karnaugh Maps ( K-Ma@ - Simplifies logic minimization since adjacent cells differ by only 1 bit.

Disadvantages of Gray Code

Not suitable for arithmetic = Cannot directly add or subtract in Gray code.

* Conversion needed - Must convert to/from binary for arithmetic operations.

More complex for large systems compared to binary.

Applications of Gray Code

Rotary and Linear Encoders - To measure shaft positions without errors. g

Karnaugh Maps (K-Maps) = For minimizing Boolean expressions. -~ e

Error Detection = Reduces chances of errors during bit transitions in communication.

Digital Systems - Used where precision and error-free transitions are important.
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.= Digital System Design

UNIT-1L3:DPP

0. Perform following operation as indicated.
|.  Add using Sign numbers 7 & 12 (ii) 9 & -13
Il.  Subtract using Sign numbers -13 & (-14)
Ill.  Convert 243 in
BCD code, Excess 3 code, 2421 code

2



B.Tech lI-Year
EG & EG Allied

Unit-1 Lec-4
Today’s target

. . \/
» Code Conversions Y

» Review of Boolean Algebra and Laws

Avinash Sir

» De Morgan Theorem e
»i PYQ , DPE
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\@v AKTU : DIGITAL SYSTEM DESIGN (BEC-302) Syllabus

UNIT-1 : Logic simplification and combinational logic design

» Number Systems
» Binary arithmetic
» Signed magnitude representation

» Binary codes, code conversion

v Review of Boolean algebra and Demorgans theorem

£ SOP & POS forms

> Canonical forms
» Karnaugh maps up to 5 variables

» Tabulation method.
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ya
Sw | | — #
CATYNAY CATENS ‘_—3 O an
GRAY CODE CONVERSION O O

I O 5 4

(i) Binary = Gray Code Conversion & i }
Rule: 1. The most significant bit (MSB) of Gray code = MSB of Binary code.
2. Each next Gray code bit = XOR of previous Binary bit and current Binary bit.

Example: Convert Binary 1011 to Gray Code Ex. Convert 101011 into Gray Code
MSB remains same > 1 4™S® D0 @@ | ©

, T‘ | ®0® | ® | O ® | |
2nd bit=1€ 0=1 l l X & X X
3rdbit=0 1=1 l l l l 1 A { 1 l o
4thbit=1@ 1=0 1 1 1 0 :

Gray Code = 1110



7
SW GRAY CODE CONVERSION

mi:n;. Gray Code - Binary Conversion lf) J/ © L@\L/@ j/ ®/l/ ®l/ /1

O 1 0 o 1 o

Rule:
The MSB of Binary = MSB of Gray. QB'MJ : ( |+ O FRO | O>a
Each next Binary bit = Previous Binary bit € Current Gray bit. N
Example: Ex. Convert 10111011
Convert Gray 1110 to Binary

MSB remains same - 1 1 1 1 0
2nd bit=1P 1=0 /G)f ®/' f@/‘

3rdbit=0@ 1=1 l i l l
4thbit=160=1 1 0 1 A
Binary = 1011
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Binary < Binary Coded Decimal (BCD)
(a) Binary - BCD Binavj —> dedima) —> BCD

BCD represents each decimal digit using 4 bits.

ol «— =l
Example: Decimal 59

Binary = 111011 (6 bits)

BCD = 0101 1001 (two groups of 4 bits - "5" and "9")
= 9

(b) BCD -» Binary RCD —> Deor —> BM*&

Convert each 4-bit group into decimal, then into full binary.

2
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e Binary € Excess-3 (XS-3) Code

Excess-3 is a self-complementary code, each decimal digit = BCD + 3.

(a) Decimal - XS-3 E—uy o o
Example: Decimal 5 + ool | —»3

BCD = 0101 X$3 «— 000 = g

Add 3 = 1000

=& | |
XS-3 =1000
0101 — Gnawy

(b) XS-3 - Decimal L—>DQC.>@

Example: XS-3 =1000
Subtract 3 - 0101 (5 in decimal)

2



7 )
Boolean Algebra @/w

Boolean Algebra is used to analyze and simplify digital (logic) circuits. low — O —> False

—

Each variable in Boolean algebra has values either 0 (Low) or 1 (High). B ‘3‘“ = 1 — e
The basic operations used in Boolean algebra are:

(40 = 4 O E @ f =25
(a) Logical addition (b) Logical multiplication 'c) Complementation

Laws of Boolean Algebra

(1) Commutative Law /) Associative Law (3) Distributive Law

4) AND Laws (5) OR Laws '6) Inversion Law

7] Absorption Law \‘/(8) De Morgan's Law



/) 7))
@/w (1) Commutative Law @/w
"7 The commutative law states that changing the sequence of the variables does not have any effect on

the output of a logic circuit.

aJA.B=B.A bJA+B=B+A

(2) Associative Law
This law states that the order in which the logic operations are performed is irrelevant as their effect

is the same.

(a)(A.B).C=A.(B.(C) b)(A+B)+C = A+ (B+()

(3) Distributive Law
A.B+C)=A.B+A.C



/) A
(. il
Sw %—>;O ’j’\“ f o A= | Sw
. B =0
(4) AND Laws
. -0 =3 O
These laws use the AND operation. Therefore, they are called AND laws.
aJA.0=0 b)A.1=A c)A.A=A d)A.A=0
Any Vav. I L*q\“’“éf‘
(5) OR Laws
These laws use the OR operation. Therefore, they are called OR laws.
= Lg A= 1 O
(a)A+0=A (b)A+1=1 c)A+A=A (d)A+A=1 A0 ,l
O+l = | L4\ =\ [+0 = |

(6) Inversion Law i 00 =0

The inversion law states that double inversion of a variable results in the original variable itself

(#) Absorphon haw A=A
Thigs law enablr a yedychm Jin Q Complicaled expiession JO a Simpla one. by

1
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W 14 ety 201 24
éw S
-mween (8) De Morgan's Law

The two important laws have been suggested by De Morgan’s.

\1) This law states that the complement of a product is equal to the addition of the complements.

R - - —:.._A- §+Z
AB = A + B ABC i

|11} This law states that the complement of a sum is equal to the product of the complements.

A¥B=A. B  A:BiC = I-BC
Ex-
A+BC = (A+8) CA+C)
P qf\ A
__zzF A+B(AT) = AAA+ACHrBALE-C =A + &A 3¢

¥ ARG BERERL
:AC‘.'_C).*.QA"\'QC = A'f'BC

Vi L
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@/w Example — 1 : Simplify the expression A + AB + AB, using Boolean algebra.

CATYWAY CLAREN

Example — 2 :

\/———V‘——)

- A+ 8(AFR) Rwe - A+A =
e+ A(ItR)
- A+ =
— s [A+AR]

Simplify the Boolean function using Boolean algebra theorems
AlBlgl +A'B—C—l +—-AB'—C' +ABQ'

= A'c‘(B'\tf]%) t Ac'((&'glf%) o mad = |

B +P~C\'

- ; A '
C(A+L,7,) S

= C,

_&B‘
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@/w Example — 3 : Simplify the Boolean function F = XY + XY'Z + YZ' using Boolean algebra.

- X\/(z'fz') +XYZ +YZ'

€= =%

SATYWAY CLAREN

c;Qis Prspp.

XY [21-"2_')

- XYz +xy2' 4xy'z +YZ

F

- XZ xyz)
YZ/

Py,

I
Xz (y i\/') +iz"(xti3_

Example — 4 : Simplify the following expression.Y = (A+B)(A+£)j

\/: QA*Q) CA‘*‘CB
-;AGZRA+A-C r B-AYB.C

AC\HBH BC

YAy =]



) G sl Product )
@}" SOP and POS Representation for Logic Expression \L o i Q/w
B 5 Bl R

Any logic expression may be expressed in the following two forms )

ac + ARE + A BC
(i) Sum of Product form (SOP) A

C AX =X
f(ét E: 9) :A_B + @E ch.uc[é

Standard or Canonical SOP form

Each product term consists of all the variables in the complemented or un-complemented form.
. Yodudk &) Sum
f(A, B, C) = ABC + ABC + ABC I R
p— ' (M) o () (A 4R) A +R)

(ii) Product of Sum form (POS)
&

f(A, B, C) = (A+B).(B+C).(A+C)

Standard or Canonical POS form

Each sum term consists of all the variables in the complemented or un-complemented form.

f(A,B,C)=(A+B+C).(A+B+0C).(A+B+C). ( A+840)



@:\r) Conversion of a logical expression to standard SOP or POS form ..E..éi.

CATYNAY CLARENS

Example — 1 : Convert the expression Y = A B +A C+ B C into the standard SOP form.

Y= ABCCH) +AC(BEB) +BCCAHR) Bl b [l e B
= ABC + AT +ABC +ABC + ABC + ABC y 3
C+C) () (AtR)
ABC +ABRC ‘rf‘\BC‘\'P\BC ( s e
&-ﬁgrg e \\—?V—C_)‘%mm}evm {
A +h=A
O «——-C-Z %g f\ﬁm
ol B A
N - @B( = p+B) (A+C)

Example — 2 : Convert the expression Y = (A+B)(A+C)(B+C) to standard POS form.
(h+ BtC.C)(A+(tB.B) (B+C+A A)
= ( A4B+C) (A+BHC) ( A%*C)(A‘*G‘{) CA+5/+C ( A+B+L)

v = (A+B+—cs (A+8+C ) (A+B+C) (A +B+T)
bem
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wwasen Minterm

» A product term which contains all the function variables either in complemented form or in
un-complemented form is called a Minterm. A< o P BC

7
Minterm and Maxterm
&

» Each individual term in the standard SOP form is called a Minterm

Maxterm
» A sum term which contains all the function variables either in complemented form or in un-complemented

form is called a Maxterm. Minker O— GCom? Max. O — Onlmp
| — Onlemp \ —q("“\P

» Each individual term in the standard POS form is called a Maxterm

Variables Minterms Maxterms
Maximum number of minterms = 2"
A B m, M,
- = n A ——
Maximum number of maxterms = 2 0 0 mo=A B M,=A+B
Where n = number of variables 0 1 m;=A B M,=A+B
1 0 myp = A § M2 - K‘l" B
| 1 m; = AB M;=A+B
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@/w Logic Gates B

» The most basic element of digital circuits are the logic gates.

» Boolean functions may be practically implemented by using Logic gates.

» Electronic gates require a power supply.

LOGIC GATES
%wﬂm@
(i) NOT gate (i) NAND gate N\ -+ RND ') EXOR gate
[ii) AND gate (i) NOR gate \\§71+4 OR [ii) EXNOR gate

111} OR gate



/)
GW (1) NOT Gate
» The NOT gate is also known as an inverter. o e /’{7 . B %
» Output is the inverted version or complement of its input. C> 1 ¢ O
» NOT gate has only one input and one output.
Symbol O
s Truth Table
Y=A
Input Output
A \,/ A Y= A
Ny —
e
Lnput = aubpur 0 1
1 0
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Q}N (2) AND gate ..gf‘:..

SATYNAY CLAREN

» The AND gate is an electronic circuit that gives a high output (1) only if all its inputs are high.

» It performs logical multiplication on its inputs. ——/@
A1 LN

Symbol
A o l Y= AGB = ’]\ Truth Table
AND > Input Output
B o= A > Y=A.B
0 0 0
0) 1 0
1 0 0
1 ; | 1
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@/\N (3) OR gate “g{‘:“

SATYWNAY CLAREN

» The OR gate is an electronic circuit that gives a high output (1) if one or more of its inputs are high.

» It performs logical addition on its inputs. | >i =

Symbol ] J %
W ‘B -

Truth Table
A, Y=A+3 Input Output
o A | 8 Y = A4B
>

6 o 0 0 0

0 1 1

1 0 1

1 | 1
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@ (4) NAND gate Uyweﬁa“p' “
----;-- NOT + AND gate
» The input of all NAND gates are high if any of the input are low
» The small circle represents inversion
Symbol —:j}—@i .
= e Truth Table
A a | Y= AR=- A+B
AND+NT > Input Output
8 o | A B [ae [Y=A.B
oY 0 0o (o] 1
0 | O |
1 0 O 1
| | | 0
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5) NOR gat
S . DR + NOT )
» Not + OR Gate
» The outputs of all NOR gates are low if any of the inputs are high.
(P
Symbol
A o Y= A+Q = A-B Truth Table
»
& Input Output

>

R|{Y=A+B

- -]
- O = ||
oo m=| >
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@/w (6) EXOR gate

» The EXOR gate is a circuit which will give a high output if both the input are different
» €D is used to show EXOR operation

2

Symbol @
pal Y- AR fAé' Truth Table
) » Input Output
b 4 A A Y=A®B
0 0 0
0 | |
| 0 |
| | 0




/)
GW (7) EX-NOR gate

SATYWAY CLAREN

» The EX-NOR gate is a circuit which will give a high output if both the input are same.
» (©is used to show EX-NOR gate.

2

Symbol @
A V=AB+AB Truth Table
%
A ) Input Output
A A Y=A0B
0 0 |
0 | 0
| 0 0
| | |
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Universal Gates
» NAND and NOR gates are called as universal gates because it is possible to implement any Boolean
expression with the help of only NAND gates or only NOR gates.
» A user can build any logical gates or combinational circuit with the help of only NAND gates or only
NOR gates.

» NAND and NOR gates are economical and easier to fabricate and are the basic gates used in all IC

digital logic families.



éw

SATYWAY CLAREN

NAND Gate as a Universal Gate
1) NOT gate using NAND gate

2]} AND gate using NAND gate

=D

;

@



@ 3 OR gate using NAND gate
A ‘DA . = . F+as ABEY
mz A-B %A+ -
A a J—T A
s —

(4) NOR gate using NAND gate _
A m —
- :‘: ~ A4 A"'G =Y
>c s ‘:D5 0 Uy ol Gufe
@
¢ }—J—‘




" . - w
@:v;' (5) EXOR gate usingNAND gate R @?

i D o =
(aAn)l(B.AB) = AAR + B.AD
A~ T - vla &Bl( =T na

5 m —> v= f-\(- @)4-[3&(5:@)

6) EXNOR gate using NAND gate
A

A

f

| +
L-D} “ppt o+ AB+BE |

=S
\ ARTAR y= ABHB - A
T
Y=(£+@\.LA"B)
Ys (P\“E>(A+B} -
Y ARt Pﬂ»i' GA+BB—5
B 7 v - AB F.\B‘

AG

o
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g/w NOR gate as a universal gate @
1) NOT gate using NOR gate

Z) OR gate using NOR gate

B

I
>
+
>
1
v 3
o)




@:\@ 4 ) AND gate using NOR gate

SATYNAY O

> |

A

@




”g ) EX-OR gate using NOR gate = @

’ | A D b R —— o —

(A+R1QHB+AYR) 7= f+Q__:C'> + B+At8
- A.A+B + B. /B
>

) ) ‘

T !‘ - DL (AR) 4 B,(AIB—)

8 L_D) OfﬁAZHﬁG +AB+BE
B+A+8R =

8 Y = RG +AB
'6) EXNOR gate using NOR gate
‘ - \ A+ A+ }’ —
Y= A= A+h + B +AFB :(AJ_J B). B*?
- o = A+(;\G) B+CAB) (R (A-R)
'D Y= (ArB) (A1) . B+A)(0+B)
5 — - j) B+ A Y- (A1B).(A+B) = %QKMBW‘*BQ_,O

Y= Pa+AD
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\@v AKTU : DIGITAL SYSTEM DESIGN (BEC-302) Syllabus

UNIT-1 : 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

EKarnaugh mapsupto 5 variables]\/
» Tabulation method.
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SW Karnaugh Map (K-map) 2

SATYNAY AN

» The K-map is a pictorial representation of truth table of the Boolean function and used to minimize the

Boolean function

» K-map matrix contain 2" cell, where n is the total number of variables
K-map

—

v’
For SOP form For POS form
Each Cell contain a Minterm @ @ Each cell contain a Maxterm

0 Variable with complement  “p A 0 Variable without complement

1  Variable without complement A A 1 variable with complement



7 )
ew
.......,....(1) For two variable A and B

» No of cells in K-map = 2% = 4

—

» Each cell contain a Minterm

K-Map for SOP Form




) _ A
@/w (2) For three variables A, B, C Ind lasl —> Lart .g}.i

SATYWAY CLAREN

» NoofcellsinK-map=23=8 Lol —%?“d (ast
» Each cell contain a Minterm qqﬂg Get%

> Minder ms




<) :
g/w (3) For four variablesA,B,C,D

GATYWAY CLANIME

» No of cellsin K-map = 2* = 16

» Each cell contain a Minterm

B
o
AQ 00 |
F
AR VI
AB 10O

cC D cbh e D
oo ¢ . of M. 10
ADCp AREZD ARCD )
DOCO ‘OOO\ OO0l 1 Oolo
3 O = I | 3 _ Z
ARZD ABCD ABCD A B
O)loo 010] olll 0)10
4—+ s | £ S
ARCD ARCD ARCD ARCD
1160 o) It 110
R 1 \S '
picg | ARCD Alep AR
bos0 0 0] lol| 1ol
8 9 ()

\Of
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W
..g.ﬁ.... Rule of Minimization

» Put 1 for each Minterm and 0 for each maxterm

—————

» Formation of Groups : Form minimum number of groups and Form big size group

(1) 16 Group =2* (4 Variables minimise)
(2)8 Group=2° (3 Variables minimise) ¢ctacke
(3) 4 Group =2 (2 Variables minimise). (),

(4)1Group=2° (0 Variables minimise)

(5)2 Group =21 (v - ) o

2



ﬂ) 1 Simplify the following function using K-map F (A B)=Xm(0, 1, 3)

T g - In (0,58 . RH
A = AR+ BB+ AR > % 3
\i/ — N G 1
7'U'L(~etmx A(&+B)1‘Ag
A+AB . 1 1
F- Ath LAH*)-(MB) 0 1
| .(K+ﬁ)] \
A ]
2 3

>



@.2 Simplify the following function using K-map F (A, B) =X m(0, 1, 2, 3)

SATIWAY CLARSM

Fos-1|

Qioama\ X
\/c*f‘- \V
hoy) —

AR+AR+AR+AR
o0 ol

® 2
Q<6

A

O

1o ||

1

O +

[—




@.3 Simplify the following function using K-map F (A, B, C) =X m(0, 1, 3, 6, 7)

warrmar s ooo ool o]l #I1O0 Qﬂlgé
- PR+ A+ ABC T ARL +
). BB +ABT BC "

F[A/B)
Bt <. % 8c -
~ BL BC BC
Nootgfwsmoa}nﬁnrmms s 00 O | | [ O
Ao | L 1 *
# C | -l,, 3 2.
A ) ] ]
4 5 . &
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SATIWAY CLARSM

3/“7 Q.4 Simplify the logic function using K-map

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

@5)6/ D, E)

A:O Y,
9 - - - / =
o = DE DE DE
00 o | | O
B oo| V! | |
o]l L 2 2
Ol \ |
& ol | 31 7 g
|
bc ' l7—_ 13 1S b
3¢ 10 | |
81‘ 9 1\ lo

F= BE + B D +BLE

=% .
X - 8 o -
%(/ VE DE DE DE
00 O | I | | O
Bc o0 | | | r
16| n| 19 ] 13
gc o | 'l \ /l
20 2| | 27—
I
Bc h QQ‘ 2‘\‘ 3\# 30
\
B 10 |
ol 2 2| 2




@.5 Simplify the following function using K-map F (A,B,C,D)=2(1,3,4,5,6,7,9,11, 13, 15). “g/'}“?;

SATIWAY ClLASS

Also implement the simplified function using basic gates only.

agep) - D TABR
g4 ) s Quad % "
< (@) D
Ocrl ) | O
1
o || 3 | 5
A o | |4 1 1 1
T S | 1] S
, 1 1
=" I 5 lzn \’5‘ \5. 5
AB 10 ] 1
8 d \\ lo




£)Q.6 Simplify the following function using K-map AKTU-2024- 2! a
& ew
R F(A B,C,D)=X(8,9,10,11,13, 15, 16, 18, 21, 24, 25, 26, 27, 30, 31). w—

2 F-RCAARE tABD +ABCE + ABCDE
Q A = O A P‘ ) ﬂ: ‘
G T () o oe pe QF)
=X O | K | O 60 ol Il Y-

Bc oo Bc oo| | [

= o 24 - 6 | )| )| 18 |
B 8¢ Ol

4‘r 5 | 7t S 20’ : Q‘P 23' 22

\

@" |l [ »® it . T = al | 3| k¥

—
. B i o \
@'o . \\1 . o | [T | |

24 2 27 24




e@)on t Care Condition

&

““Combination of inputs on which the output may or may not depends are called Don’t Care Conditioff

Q.7 Minimize using K-map and realize output using gates. X
F(A,B,C,D)=2Xm(1,4,8,12,13,15) +d (3, 14)

P D + BILD +ACD Y AB » - - < "
B ?fb cD c D cD <D
o0 oI )| | O
AQ OO 1 X
0| l 3 | 2-
A o | |1
4 | 5 | | s
1 \ \ X
Ag 1 e % = "
AB IO J
d | 9 \\, la




!

j




_implement the simplified expression using NAND gates only
e BE + /D AT AD

@.8 Simplify the function F=Xm (0,3,5,7,8,9,10,12,13) + £d (1,6,11,14) using K-map and
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Q/WQB Simplify the functionF (A, B,C,D)=2m(0, 2,5, 6, 7,13, 14, 15) + d (8, 10) using K-map @/W

and implement the simplified function using NAND gates only.

F = EISTD@D# 3C 9 .
B . S o cD c D c c D
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T Ny O' l! 3. ﬁ
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¢ K-map and realize the simplified function using basic logic gates.
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O |
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DE
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DE
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DE
A

N - : : /)
@.10 -F(A,B,C,D,E)=2m (0,1,2,4,5,6,10,13,14,18,21,22,24,26,29,30). Simplify the function with help of e)q
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@.11 Simplify the following Bool

SATIWAY ClLASS

ean expression using K-map.
A- B <D

F(V,W, X Y, Z) =5 m (0,7,8,9,12,13,15,16,22,23,30,31) S
) -ACHE + ABRD+ ACDE + ARTDE + ACD
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@ K-Map for POS Form

(1) For two variable A and B
» NoofcellsinK-map =22 =4

» Each cell contain a Maxterm

0) —> LN Com?\omen)esp
| = (omolamented -

ik
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A O
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3 B
O |
0O DO o L
(A +B) | Ath
1o L
AR AR
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Q}N (2) For three variables A, B, C

SATYNAY CLAREN

» Each cell contain a Maxterm OO Ol | ) | O

2

» Noofcellsin K-map=2° =8 >%€ = o
¢ ptC R+C R
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| A4+ PR | BERHC | ATDBHC
b S X S
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g/w (3) For three variablesA,B,C,D

SATYNAY CLAREN LQ .7

2

» No of cells in K-map = 2* = 16 5 CHD C+D 4D < £D
< 0 O o/ [ [ O
» Each cell contain a Maxterm
A'/’B dO | Maxleyrm ﬂ?‘B‘{‘C'/'b— e
e ' 23 <
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A+R 16
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\Q_/VQ.I Simplify the Boolean expression using K-map and implement the simplified expression using

SATIWAY ClLASS

NOR GATEs only F (A, B, C,D)=I1 M(1,3,4,5,6,7,11,12,14,15)
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@.2 Simplify the function F=TIM (0, 2, 10, 11, 12, 14, 15)« 1d (5,13)using K-map and implement &

T the simplified expression using NOR gates only.
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@.3 Minimize using K-map and realize using NOR gates only ew

p— F (A,B,C,D)=1IM(3,4,5,7,9, 13, 14, 15).d(0, 2, 8). fedondanl” G
L= (ﬁ+§+C)-<A+Z+ﬁ).(ﬂ:+C+5} (A+B+C) Y _,% - = o
( D +B) ), O ced' 3D | &40 €40
e v 0o ol S
edundmﬁ -
o (Tanoc)
b= (AR

’HC) (A+CHD) . ( A=+ D) (A+RA+C)
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Unit-1 Lec-5
DPP
Q.1 State De Morgan’s Law.
Q.2 Define minterm and maxterm.
Q.3 Minimize the following standard POS expression using KMap Y=MNM (0,2 ,3,5,7)
Q.4 Minimize the following expression using K Map Y=2M(1,5,6,7,11,12,13,15)
Q.5 Simplify the Boolean Function F=) m (0,1,2,5,7,8,9,10,13,15) +d (12,14) using K-map and

implement the simplified expression using NAND gates only.
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\@v AKTU : DIGITAL SYSTEM DESIGN (BEC-302) Syllabus

UNIT-1 : 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.
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SW Quine-McCluskey method (tabulation method) “g'}i

SATIWAY ClLASS

* [tisa systematic approach for minimizing Boolean functions, particularly useful when dealing with

functions involving more than four variables.

* This method is advantageous over Karnaugh Maps (K-maps) in such scenarios due to its algorithmic nature,

making it suitable for both manual calculations and computer implementations.
Advantages

* Systematic Approach: Provides a clear, step-by-step procedure for minimization.

« Scalability: More effective than K-maps for functions with a large number of variables.
* Computer Implementation: Its algorithmic nature makes it suitable for computer-based logic minimization
tools.

Limitations
*  Computational Complexity: The method can become computationally intensive for functions with a very

large number of variables, as the number of possible prime implicants can grow exponentially .
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Prime Implicant (Pl)
prime implicant is a group of a minterms which cannot be combined with any other minterm or groups.
Essential Prime Implicant (EPI) _ -

The essential prime implicant is a prime implicant in which one or more minterms are unique ,i.e it consist at

least one minterm which is not contained in any other prime implicant. Tne Quine-McCluskey technique

consists of two parts:

(i) Firstis to find all the prime implicants by an exhaustive search.

(ii) To identify the essential prime implicants obtained in part i and select from them the remaining prime

implicants which can give the perfectly minimized expression.
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wewesss  The method involves the following key steps: 30 []|—s8l-2

Gaghe' rgE——

1) List Minterms: Begin by listing all the minterms (i.e., combinations of variables where the function outputs of

the Boolean function.

2) Group Minterms: Organize these minterms based on the number of ones in their binary representation.

3) Combine Minterms: Iteratively combine minterms that differ by only one bit, replacing the differing bit with a
dash (=) to indicate a don't-care condition. This process identifies the prime implicants.

4) Prime Implicant Chart: Construct a chart to determine which prime implicants cover which minterms.

5) Select Essential Prime Implicants: Identify and select essential prime implicants that cover minterms not
covered by any other implicant.

6) Derive Simplified Expression: Use the selected prime implicants to write the minimized Boolean expression.
This method ensures a systematic and deterministic approach to Boolean function minimization, which is

particularly beneficial for complex functions .



G/w‘“ Q.1 Simplify the following function using Tabular method @
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<) Q.2 Simplify the following function using Tabular method
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3/\;) Q.3 Simplify the logic function using Tabular method
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Q.5 Minimizey=1I11M (2,7,8,9,10,12) IN SOP form using tabular method
6  y-35sm(0,1,3,4,56,1,3,1415)
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Unit-1 Lec-6
DPP
Q.1 Simplify the following function using Tabular method
Y(A,BC,D)=2m(24,8, 11, 15)+d (1,10,12,13)

Q.2 Simplify the following function using Tabular method
Y(A,BCD)=EIm(0,1,2,5,78,9, 10, 13, 15)
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