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UNIT-1 : Logic simplification and combinational logic design

» Number Systems « /| ~

Jny-

» Signed magnitude representation

» Binary codes, code conversion v’ g
& e A

» Binary arithmetic v

» Review of Boolean algebra and Demorgans theorem
> SOP & POS forms /"~

» Canonical forms o / /\M

» 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

v

_\1) Binary 7 Rase- 2 (C 1)

(2) Decimal — |,

~(3) Octal “Q

/(‘-1)}ie=xa<i£cimal ‘/~ 1€

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
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Number System | Base / Radix Digits Used Example
Binary 2 0,1 (101111)2__
Octal 8 0,1,2,3,4,56,7 cCNJ-?) (47525)g
Decimal 10 0,1,23,4,5,6,7,8,9 S (316875)4¢

i\

v\l
Hexadecimal o 16 0,1,2,3)4,5,6,7,8,9, l§, B, C, D, {E, F (9B21A)46

4 (
l%l 2 t'1'
NOTE : A =10, B=11, £ =12, D=13, E =14, =15
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__@ Common Terminology in Digital Electronics }f/“.'..,
2 Nibble= 8 bt = | %{f‘e
Bit: A binary digit is called a bit. Example:Oor1 Do d = 2Byfe= (6 bit =4 Nib
Nibble: A group of four bits is called a Nibble. cxample: 0110, 1110 etc. | DwW =Qursd =4 Ryfe = 32 ot
Byte: A group of eight bits is called a byte. Examp!e:)()llOllOl, 112;0011 (o

Word:- A group of two bytes ( 16 bits) is called a Word. MsE
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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Gw Decimal Number system sw
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Decimal number system is the commonly used number system. It is known as base (or radix) ten

systems because it has ten digits 0 to 9 that can be used to represent any number.  924¢.,7 O
O — g
IV\’(CE&Y PM')C QQC’\F ’(’YOC‘\‘;\UY\QQ ?‘“L‘ I [ 7C
—>Uigikts L U 2
d L 3 4 7\ & i) for
Rsition Valwe —— 3 /(2 (1o A\ =2\ -3
+ | = & . ) L \) Coversion 10 Dt ma)
Weigt —s 10" o™ o fo. 16 1653
Fxample - 234.78=(2x10%) +(3x10%) + (4 x 109 + (7 x 101) + (8 x 10%)

=200+30+4+0.7+0.08



W Binary Number syst é
“@i inary Number system éw

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.

\ fosition
Iv&ea,c_r Part "De‘;‘(% '¥Yad\'0¥\d ?qvt L\)U/t"t & chw(,

2= — Moo |1 1\] ol 1L
1psition Value —> < % [ 2 1 (o "1\> -Zi iz
i -+ - +
l<e 3441) —7 cQg QQ &)\' 0 '\‘/ ’7“) -3
L R g
Example :- (1001.01),=[(1) xz3]+[ (0)x22]4[(0)x21]4+[ (1) x2°]4+[ (0 ) x 271] +[( 1) x 2°%]

(1001.01),=[1x8]+[0x4]+[0x2]+[1x1]+[0x05]+[1x0.25]

(1001.01)2 - (9.25)10

O ——————
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Octal Number system 1= e A
= §

O-7) = l

ctal and hexadecimal, are used for representing large binary
numbers. Octal systems use a base or radix of 8. It uses first
8 4 2 |

S ®1 (31
o1

eight digits(0- 7) of decimal number system.

. ° 6 g
Hexa Decimal Number System (0D-9) Qﬂ\ ) 3 011\
The hexadecimal numbering system has a base of 16. There
are 16 symbols. The decimal digits O to 9 are used as the first
ten digits as in the decimal system, followed by the letters A,
B, C, D, E and F, which represent the values 10, 11,12,13,14

and 15 respectively.

Decimal | Bingry , 7" | octal Hexadec.

| 8421 |
0 0000 0 0
1 0001 1 1
2 0010 2 2

] 3 0011 3 3

~

4 0100 4 4
5 0101 5 5
6 0110 6 6
7 0111 7 7
8 1000 10 8
9 1001 11 9
10 1010 | 12 A
11 1011 13 B
| 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F
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» Universal Method of Number system conversion

@ R

Any base Decimal

» Easy Method for some Number system conversion

Base Binary
T P
4, 8, 16 2
Base Group of binary digits
4 2 <
8 3/

16 Vit

Any base

Base

4, 8,16

2



@/w (1) Binary to base 4 conversion
Example : (1000.100.1001); = (? )4

CATYNAY CAREN

1-51110 ng l| ‘5—&): A \ bncsg’ I

[l

A

O

1

(\ono'2|)¢

o

4

N
2 3

(2) base 4 to binary conversion

Example : (322.3), = (?);

= T [
v oy

)

\O

o

E = Q\\o\o‘ \\)
I\ :

(1) Binary to base 4 conversion
: - D
Example : (11019{1_.1_09)2 (?)4
Ll J) 19 L p ‘l ¢ L_—-—'] O
3 1 1 ¥

B1-2),

(2) base 4 to binary conversion
Example : (132.13), = (?),

iy
’ N\
of | & o N

5 KO\ 0+ 0) “)

2

D
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@/w (1) Binary to octal conversion

AKTU-2024-25

CATYNAY CAREN

k\o OJIOIQ_lQo'olllolol
N
“+ = 4 &6 5
(424 ¢53)

(2) Octal to binary conversion

Example : (325.63)g = (2);

3 2 5+ G 3 (onowlgk oo
Sood N :
Ol olo lo ho O\

2

)

7

(1) Binary to octal conversion Q,W
Example : (1110 10101.0101), = (?)g
| 1 Lololol+&1 500

7 \ N) J N

] 92 5 2 %

252+

725:24)
(2) Octal to binary conversion
(14726)8=(7)2

| 47 2 ¢

vouovoy :@0\\01)\\\-010\\0)
Oof lov W 0o o 2
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“““““ " (3) Hexadecimal to binary conversion Hexadecimal to binary conversion s
. (ABC)16 = (7); @mple : (A3B )16 = (7)2
pooB C £ 3 8 Al ia
/ ooy (ofo  oal [0l \//

lo(c loll 1100 0000

(10/0 00)| 101 /)
(&
QOIO/OH HOO)
2

(4) Binary to Hexadecimal conversion

(1000 10100.110101), = (? )46

(2F3 )16 - (7)2 AKTU‘202324

2 F —_—
Ty 5 L0001 000L 0100, || O\,w
00l (] O0}| ! | l 30 &
oo(oll ] 001
< I (\\4-b4)

16
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GW (5) Octal to Hexadecimal conversion (6) Hexadecimal to octal @)\I
B & N~ A

Easy Method : Octal — Binary = Hexadecimal Easy Method : Hexadecimal — Binary —>Octal
Example : (642)g = (? )16 Example: (1AF.BD);6= (?)g

R 28
I1o loo Olo D " 000| /o/o) = /0/ [10] &

Taaaen—

00/1 00 1[1 01l 11©]o

LOOOIMIOIOI,OO/Q, - iy ey
\[ ﬁ\L o 3&2;«7 6 S 1 5 9
A —
L (657-672)
8

U42),
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(1) Binary to decimal : Example (1011.11),= (? )40
C' oL ] LU
3 (’2 1 (o —l\l —ZD
2} 2"<’ 2 Lzo T

Lt xQ”) +(ox2") +Qx2.')-tQ><2,°) +(\ x27") sz:9

Any base to decimal conversion

(2) Octal to decimal : Example (354.15)g= (? )10

LR e L
( 2. <‘ Ko J —\v—lv
\JSZ— 8‘ 80 &" &.-l

V461 4 xe2) ) + ey

219 +40+ A 1025 + 8- OVQ\2. &
:(Qge'Zozlz 5)
lo
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@/w (3) Hexadecimal to decimal : Example (AB2.2C)1¢= (? )10
cavemar crasens Uo,)ﬂ‘. (1) B 2 . 9 (_a2)
T s ° Y 4%

(lox16%) +(1x16" )+ (2x16°) +(2xle™) (1162

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

(4) Other conversion : Example (213.23)4= (? )10
2 =R
Ql <)‘ (00 Q—\ =
SSAVARSE S P
TRXAD 10t @) daxa) 4By
FAERAD 105 1 ogms = (33 6875)

= ‘g
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@)N (5) Other conversion : | e (123)9= (? )10

< neight
(1x77) + (@x9) +(3*7)
G318V QY182
(/02)

AKTU-2023-24

7))
ow



(1) Decimal to Binary o
@9.6875)1(): (? )2
L &
Iv&eau part
:‘2 313 Remamda
2| 159 1A
a9 8
2 39 1
20 19 q
A 9 1
2 D
ar O
' B
e
O
1

Decimal to any Base conversion

Frachional [’“’4_ m

06815 X2 = |-375 L
O 315 X2 ~— 0\7‘3/ O
D15 X 2 = f\f)'_O____—/___/‘ 1
DSo 8" = |: 909 |

2

:Qoom =10 1)

\’
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Qy (2) Decimal to Octal : Example (378.93),0= (?)g //\, AKTU-2023-24 g/w

“““““ "olz3e ® ° 093x8 = T4t T
' R | 4F 2 N 044 x8 = 3%53 = (57Q_a734—12)
2] 5 + os2x8 = 4 L6 4 R
3 = O |6 X
' 0.298x & = %\;Ejs;,\z \
\ (=02 (73210

(572 7342,

(3) Decimal to Hexadecimal : AKTU-2023-24,22-23

(256)10= (? )16 lasa @® Example (i) (454.523)10= (? )16
AELY: e & 056 - 368 V8
N D'%é&ﬂg = 5.888% c
b1 0 oo ' s | _
7 o ; g 0-888x1C = 14208 3 (g)
] k\(é) SQCG'&SEB)
H
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~%-{=~-~'(4) Other conversion : Example (2230)4= (?); e
5273 O @lm S H2 Q)
22 || o BV | I’ZQ_\JGD e A
X L o DQQ\M, 3 ‘9
Jlac g At .
3| 6 —
5 4%) 1(3x4) ¢ [
(9x4° )+ (X47) +@x4+) +0 x49) 313 o
128 4 32 +12 t© O 5
=512 ),9\
:\9010)>



Gw Binary Arithmetic (-ecl ! GwW
™ (1) Binary Addition ! I
C,any<’ 2)% <—-Q
| ‘1 . SUM CARRY = {\
f e et 1
> [5s 0+0 =0 0 x e |~/
2> > @ 0+1 =1 -« 0 -~ ~ >
2 o1e 0 P O
00 1+1 = 0, (o g s
&
1 -+ 1 <+ 1 — 1 1 1
. Car
Note: ” . @
ST
(i) 1 #1 = g)_ ™)
SUM =0 Carry=1
(i) 1 +1+ 1 =11

SUM =1 Carry=1
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@/w Example - ICDAdd (1110), and (1100), Example? -Zl: Add (11001), and (10111), @/w
[ |

e |
1 0 O e
RO G e

' GaATIWAY CLAZINE

O O 1
| ]

O Q 0

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

I e T
100 oy
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(1) Binary Subtraction
\0 °—> junit

| 2 ofﬁ'fs
9 9 ¢

3
é,_
:

O )7

Note:
0-1=10-1
=2-1

Binary Arithmetic

Subtraction Borrow
0-0= 0 0
1-0= 1 0
1-1= @ 0
0 - 1 — 1 1\./

@)
O
O

ol

O O

O |

—— l ==
A

(32 4-) g
56 g
el
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@)" Example -1 : Subtract (10110), from (11011), ., ., Example -3 : Subtract (0101), from (1100), @)V

T X2 M/\ (2_ O ~(0 2 Yy 2 Fem———
L fo O || Yo X, 5 6 x x 85
o L 1O 5 Lol gl o |
e o L) il "o |l g0t Mo
Example - 2 : Subtract (00001), from (11000), Example - 4 : Subtract (010111), from (100010),
02y
. Z U
| ¥00 & o NS
X+ 00010
000 0 | Ol 0] \

YO 1| 0010 |
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Complements are used in the digital computers in order to simplify the subtraction eration pnd
: [6'S
for the logical manipulation @ CU"IP’Q'“M == = e 3IAR
For Binary System (¥-1)- Gmplament @ i @
Octed

) 1° S complement &‘)’ Decimay i
(i) 2‘S complement o |6 4 &4 15 15 |5
\ 4] \ 3 o ||
1'S complement ?{g %% T% ~ VA \2 5
430 w0
Unvenrd) N S\ Q) - \ &1 O
\ ] \\\_ Given Number =\ 1" S complement 5 . C(C’S‘r
1010 85 <43 0101 Vv~ I €| ﬂ)
\ \ O 010 ¢ — _ B
R = S — C5¢
O] O 11010101 00101010 —
i \ u lololo €5
- 1001 0110
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CATYNAY T AREN

2’ S complement = 1’ S complement + 1

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

¥

0100) I\QQ’.&CW\{»M

D
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N N R R

A-B=A+ ('L (— > —> (omplament

/" STEP — 1 : Find the 1’S complement of the number to be subtracted
STEP — 2 /:Perform addition

STEP — 3 : CASE — ljthe final carry is 1, then add it to the result obtained in step-2

\}% = — 2 :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), — (0100),

%:S\Oq /) :
| |
1SG»mpbmev€c6'{B:_\0|k \\O\l_”A
o] —qR
0y (o
\
O 1))
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@/w Example — 2 : Subtract using 1’ S complement (0100),
carvwar At L)A

S ON[—
|’_<(mfatg—-7 ol | O

Add

— (1001),
i

.

VR
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GW Binary Subtraction 2° S complement Sw

A-B=A+ (-B)

TEP — 1 : Find the 2’ S complement of number to be subtracted

B

S
STEP — 2 : Perform addition
S

—

TEP =3 : CASE — 1 - Ifthefinal carryis | generated, then the result is positive and is in its true form

v
CASE — 2t If the final carry is no{generated, then the resultis negative and is in its 2’ S complement form.
O
Example — 1 : Subtract using 2'S complement (1001), —((0101); \| ——+( O | a¥)
A Lop Z‘ﬁﬁ
B O |0O| b

?

IS0y B el We OO

s u £ | RO

WO D 110100

- -
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@;‘; Example — 2 : Subtract using 2 Scomplementﬁfg‘}OO)z (10L(_)é)2 =
B — 1 o O I ’ 0?15 Cmﬂ)')d‘— IO ll
1S Compdk s - O [ ) O Ol 0 O |
+ o'l | | OO ? —> s
S (om +
R P——erlﬁ O‘LO(\L ST ol .
, i \ Fined Ao
. T Camyis@ NV
.Ta Oloo
P"“(i"‘i’ & T
and M2'S (om
OX¥). b &\Q \)
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@/w For Decimal system System
Z
(i) 9°S complement Q”‘ »
I
(1) 10“S complement (¥ )

9‘S complement

Given Number 9’ S complement
14 49 Bk
2,4—@7 2467 9999
-2467 ,
TPR2 — 9 s
all
Qqqqc] f"‘l&%g-—q\o)i
75468 99999
20 i
fﬁ“%35 75468
=

_ )
24535 >0l
- e

2
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Given Number
29949

4862
%|?>7

65432

10’ S complement = 9’ S complement + 1

9’ S complement

2137

34567

10’ S complement

2137
|
5138 loS

34567

24S6 8 |65
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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 : LASE — 1 ¢ If the 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 | )
Example — 1 : <4—37 — @Sy Using I's T3
A< — 3 j 65
B:= 22k 120

ﬂ\g - D\clg"\ L) \
S 202 4
A {
'igﬁi s R




i _ I
“g/mexample -2 93 5 _@ | g}l
B A 45 Omp 47197

| _ 9
1487/ 423 9 35 1 9 9
ﬁé"? & 6 _:’Q’T
o177 9 7 L

—
@ Arve = _<2_ol))0
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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% ) us'w\a lo)S a4 7]
s T e
105 4. T4 4 _
BN ey
‘ Bty
76 4 oI5 |
= M'\smq

165 )8
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(0S 437

TSRO
o9 1

43 ] ‘

e N — 15
=

B 2 e s
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..g{‘,."f.. Signed magnitude representation Z( O - Zggaﬁ = +m “@ﬁ'm

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: ﬁg,ak )t O IS8
* The decimal number +53 would be represented as{0[0110101 — 2] Tlﬂ
* 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 (0|1 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

@



@

Ol /
2’s Complement Representation o
Positive numbers:|written as normal binary. [ O [ O
Negative numbers: Take binary of positive number. _ +
| 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).



@ Binary Codes “@
* Abinary code is a system of representing information (numbers, characters, symbols) using 0Os 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. B(_ZP 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
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I Binary Codes -

BINARY CODES - FLOW CHART

BINARY CODES

Weighted Codes Non-Weighted Codes Alphanumeric Codes Error Control Codes

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



) |
@)N BCD Code (8421 code) Decimal Binary BCD (8421)
b= t @ 0 0000 0000
* BCD (Binary Coded Decimal)Decimal digits (0-9)  invdid 1 0001 0001
are represented by 4-bit binary numbers. 2 0010 0010
«  But with 4 bits we can represent 0000 to 1111 (16 3 | o011 0011
4 100 0100
numbers). In BCD remaining six numbers (1010 to o s <
218 5 0101 0101
1111) are invalid. - W 7 S
“6 | 0110 0110
Conversion of Decimal to BCD D2 L . 5 | 0111 0111
(1) 78 (ii) 236 2 2 6 o om@) [Tg | 1000 1000
i | \
- q oS ool 010, SR 9 1001 1001
| | ;
sy
o s e (ol .4,41_0 1010 0001 OOPO
L L 0 0l0 Qallel) O 11 1011 0001 0001
ac - 12 1100 0001 0010
O o 13 1101 0001 0011
> 011l 1000 =
St - 14 1110 0091 0100
15 1111 0001 0101

D

| Same

P \mmj
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&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.

——

* 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).



@

- 129042"{ 2421 code @Q® @
2_ 2°
_— @4’ @0 iz @ @@@ ¥ 2
(o [ | o1 Ol
| VNP :
* Weighted code with weights 2,4,2,1. — 72— 4 2| ; Decimal ey ASES LN |
" | [ o o 0000 0000
* Two position has the same weights o\ 1 4/ =
1 0001 0001
* There could be two possible bit pattern for some '~{ 0010 0010
{;:;""}W/
decimal numbers 2 3 0011 0011
* But we can use only one 4 0100 0100
5 0101 1011
+ Ex. 5 1011 (2+0+2+1=5). 6 0110 290
7 0111 1100
8 1000 1110
Other codes are 3321, 4221, 5211, 5421, 6311, 7421, 5 1001 1111




D

) 4~ 3 S o0
ew oloo 1] O1°] i Excess 3 code %00 1
B o o esal | OO SRS Ear =51
ool | W3 + [
0O -
[o000] 10 Z Decimal BCD L Excess 3
* Derived from BCD by adding 3 (0011) to each digit. 0 0000 +0 ﬁ’, 0011
= | o~ |
* Example: | 0001 0100
Decimal 5 - BCD (0101) + 0011 = 1000 r~ 2 0010 | 0101
* Self-complementing code (9’s complement easy). 3 0011 0110
Ee- B 0100 0111
i 24t o 2 - 5 0101 1000
i
. i) | &= RCD 6 0110 1001
D, A e OO0\ o\ \\ .
0 oll = 7 0111 1010
00l0 oloo Olo] «BD %\\\ OO\
001l ool @l +3 LSO 8 1000 1011
010 e 9 1001 1100
Gl O \ [0V10 1016] 4B~




9/@ Gray Code (Reflected Binary Code)
=g
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éw

«“"“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.

| bit

W
O 0 ©0
1 _>\ 0\2
_.>\< \‘D\s
- 0% |0
Gd O plov
01100\
\lol\
| Ooll0
(| o
(|
/Ol
10 g

Sbik

>0 O
—0 |

= | <=

CI O<]
L| O«
Lyl 4

5 O |

s 0@

2 b}
|00 O

O o}
6

4 bit
OO0~ ]
OO K |
D | e,
O | O
| D=y




éw

~=wemAdvantages of Gray Code

Error Reduction = Only 1 bit changes, minimizing errors in transmission.
byl s

Simple hardware implementation - Especially useful in position sensors.

7

* Used in Karnaugh Maps ( K-Ma;a) - 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. e

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

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

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



T )] — @ éw
© GRAY CODE CONVERSION 0o 7 7 e
(i) Binary - Gray Code Conversion C’) ,O % =3 A
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 tMSB ®o0dl®0ce| ® |
2nd bit=1@ 0=1 2O9 l l & & X X
3rd bit=08 1=1 l l l l 1 A L 1 l o
athbit=1@ 1=0 (I AN (

A 0O |
Gray Code = 1110 ) C\“‘a Code.



(ii) Gray Code -» Binary Conversion

“@_ GRAY CODE CONVERSION | llﬁ/@f/@; @7‘1 /5}// jj/@j @/’j/ “@
O

Rule: =
The MSB of Binary = MSB of Gray. Dinary = ( YO RR0 | °>&
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

2nd bit=1@ 1=0 l/@’l/ca"l/@a/l

3rdbit=0 1=1

4thbit=1@ 0= 1 '® @ 1

Binary = 1011



7
ew

Binary < Binary Coded Decimal (BCD)
(a) Binary - BCD Binavj —> decima) —> BCD

BCD represents each decimal digit using 4 bits.

glo| «— =l
Example: Decimal 59

Binary = 111011 (6 bits)

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

(b) BCD -» Binary RCD —> D> B'M*Ef

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

2



7))
ew
e Binary € Excess-3 (XS-3) Code

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

(a) Decimal = XS-3 5= 00 O ]
Example: Decimal 5 + ool | —»3
BCD = 0101 M3 | 00p = g
Add 3 = 1000
—00 | |
XS-3 =1000
= O] O -%%iv\a»a
(b) XS-3 = Decimal L%Dew@

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

2



@

7 )
Boolean Algebra Q/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). H ‘3“ —> ] — hue

The basic operations used in Boolean algebra are:

(+O0 = 1 Vil B @ \—= & 1
(a) Logical addition (b) Logical multiplication 'c) Complementation ,@‘ \
E
Laws of Boolean Algebra @—j>~
0
(1) Commutative Law  (2) Associative Law (3) Distributive Law ' <
4) AND Laws (5] OR Laws (6) Inversion Law

L —
\7) Absorption Law \‘/(8) De Morgan'sl_a\wJ “\i,\tg\




/) 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



VR ) & 7
J & i -
& I8 1203 fes b | &
l B =0
(4) AND Laws
. |~ =3 O
These laws use the AND operation. Therefore, they are called AND laws.
(a)A.0=0 (b)A)y1=A c)A.A=A (d)A.A=0
Any Var. = S ai
(5) OR Laws
e These laws use the OR operation. Therefore, they are called OR laws.
- _ Lg A= 1 O
a)A+0=A (b)A+1=1v o) A+A=A (d)A+A=1 Az0 ,l
= Ol = | e [r0- |

(6) Inversion Law HL = 0r0 =0

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

P—
e—

A=A

(3) Absorphon haw A=A
This Law enablet a Yeduckion in Q Comgicaed expiession 3O a Smpla one by

obSmrbirg Jike formn AiAG = A 5 i\(‘Hﬁ) = B
1



2

W 14 ety 201 24
éw Loeep
-mwcan (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 - - —:_K §+Z
AB =4 + B REC T

(i1} This law states that the complement of a sum is equal to the product of the complements.

ATB-=A.B  ABiC = F-BC
Ex-
A+BC = (A+8) CA+C)
P 4\’\ A
__zzF A+BY(ATC) = MjA-C\—&M—B.C =A + &A +3C

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

Vi L
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7))
@/w Example — 1 : Simplify the expression A + AB + AB using Boolean algebra.

SATYWAY CLAREN

Example — 2

——— _
= A+ B(AHR) e~ A+A
ﬂ&-}—A(H’B)

- AY+

— . [A£AR]

: Simplify the Boolean function using Boolean algebra theorems

B'C'+ A'BC' + AB'C'+ ABC'

= AC(B'*'B) t AC(G +B) B“'B’:'
= AL +P\C\

= C (A‘l"gl) A-{-A':l
- C,

_&ﬂ’

2
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@/w Example — 3 : Simplify the Boolean function F = XY + XY'Z + YZ' using Boolean algebra.

SATYWAY CLAREN

&is Prsp.

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

€= D

— xy [z+Z)

|
= XYz 4+ XYZ' AXYZ +YZ

F

- XZ ryz

v

Py,

Xz (y f\/') +jg'(xtil

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

7= (ATR) (A+CY
-;AQA.fA+A-C + BARB.C

AC\HBH BC

YAy =]



I Qumn  of  [voduct A
@}" SOP and POS Representation for Logic Expression J/ o 0 Q/w
B N-% R

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

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

C x AX &=X
f(...__.___.A' B, C) :A_B * B.—«C ch’uc[v%

Standard or Canonical SOP form

Each product term consists of all the variables in the complemented or un-complemented form.
. Yodudk 4y Sum
f(A, B, C) = ABC + ABC + ABC I R
T (M) o () (A4R) SA+R)

(ii) Product of Sum form (POS)
& g

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 + ). (A+B+C). (A*T+()
________.-/



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

AR, <
"™ Example — 1 : Convert the expression Y = A B +A C+ B C into the standard SOP form.
~/- Agcc+c) +Ac(e+8)+8ccm-ﬁ B Be = Bl
R0+ poc RBOTRBC @B dEB)  E L
C+C)  (&+B) (A+R)
- AGC +ABT H-\BC+P~B(_ ( t
= T k~—‘>V‘:_)—%1r*rwdusvnr7\ { o
..A +A=A .
5 eCf BB Aa&ﬂ
¢ LY @)
r M - @BL = p+8) (A+C)
Example — 2 : Convert the expression Y = (A+B){A+C)(B+C) to standard POS form. @_f RC) <

(A+ + C.C)(A+¢+B.B) (B+C+A A)
= ( A+B+(C) (A+B1-c:) ( A*/é“‘c-)(Ai"B"C) 4 A+5/+c ( A+B+C)

Y = (AtBrc) (A4BHT) (A+B4C) (A+B+T)

M&Xbm M
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éw SOF
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. Minjeres B~ Gr? Max. O OnGomp
| — Onlemyp | =3 CW\{)
» Each individual term in the standard POS form is called a Maxterm
Variables Minterms Maxterms
Maximum number of minterms = 2" R
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
'?Uﬂda@
/i) NOT gate .- (i) NAND gate Nol+ AN ') EXOR gate
[ii) AND gate ~ (i) NORgate \\g7+4 OR [ii) EXNOR gate

111 OR gate/



/)
GW (1) NOT Gate
» The NOT gate is also known as an inverter. o i /’377 . B a
» Output is the inverted version or complement of its input. C> 1 ; &
» NOT gate has only one input and one output.
Symbol &
s Truth Table
Y=A
Input Output
A [/ A Y= A
N —
S
Lnput = aupur 0 1
1 0




/) /)
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.

PG>
A A NA

» It performs logical multiplication on its inputs.

Symbol
A o " Y= AG = !]¥ C Truth Table
AND > Input Output
B o= A > Y=A.B
0) 0 0)
0) 1 0
1 0 0
1 ; | 1




/) /)
@/\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. _)j ﬁ
Symbol s —{
% % - -
Truth Table
A, Y=A+3 Input Output
- A B Y=A1B
B © 0 0 0
0 | 1
| 0 1
1 1 1




2

@ (4) NAND gate UJMYSQJ’ “
----;-- NOT + AND gate
» The input of all NAND gates are high if any of the input are low
» The small circle represents inversion
Symbol :‘:DAE@S e
= e Truth Table
A a | Y= AR=- A+B
AND AN . Input Output
8o | A B |aa |Y=A.B
AR 0 0 O |
0 | O |
1 0 O 1
| | | 0




GW (5) NOR
ate
i ’ OR + NOT
» Not + OR Gate

@

» The outputs of all NOR gates are low if any of the inputs are high.

ED
Symbol
A o Y= A+G = A-B Truth Table
»
& Input Output
A R|Y=A+B

A S A 112 m
Q-D' >

- -]
- O = ||
oo m=| >




7))
g/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
Smilay, — O

Symbol @ &'W o &

2

pal Y- AR ,.Aé' Truth Table
) » Input Output
b 4 A A Y=A®B
0 0 0
0 1 1
| 0 1
| | 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.

Similas = |
Symbol O Aiff = O
A y=-AB+AB
) N
B

Truth Table
Input Output
A A Y=A0OB
0 0 |
0 | 0
| 0 0
| | |

2
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éw
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.



)
SW NAND Gate as a Universal Gate

SATYWAY CLAREN

1) NOT gate using NAND gate

2]} AND gate using NAND gate

A : A -
8

o’

;

@



" T .
GW (3) OR gate using NAND gate

A

DLy

6__.

4] NOR gate using NAND gate

A

|

2

?

-
-

AB=Y

Dl
D
>y

0 Uyl Gafe



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

) AL ) (o7D- ri5+ okl
{annRL(BAG = A * o
A AT L v=\n 4B b= A4B
>_ _> y= A(A+B) + B#(A1E)
B E_ i: ™ :OL/F\E\"' E+AB"BC%O
B B (B ﬁ) 7= AB+pB~-> Bx-cR
6) EXNOR gate using NAND gate
A
A } - e —
— ki \ AB-&P:@ Y- ABGHE - pB. A
LA AR | - } _ B
Y 73(254-@\.(‘“'3)
| Y - (NE)(NB) -

y2oph + Ao+ BAYER,
8 3 v - AB + F.\-@‘

o
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g/w NOR gate as a universal gate @
“T1) NOT gate using NOR gate

Z) OR gate using NOR gate

=P

V(3

;
&)




@:\3 41 AND gate using NOR gate

SATYNAY O

>

A

'4) NAND gate using NOR gate oy

e Y

A A

7\0 § —"A°B
J

~ AND

3

@



”g ) EX-OR gate using NOR gate = @

A /
’ | D k. == ———
(A+RTQHB+ATR) P eIt SO

—

- A.AB + 8/5&_9
-

R "

e !‘ LAY 4 B,(AIB—)

B L_D’ (%) T ThR+AB +AB+ED
B+A+8R =

(D

8 Y = ARG +RB
'6) EXNOR gate using NOR gate |
2 - 2
/ A+ A8 - ’ — T T
) Y + A+p + B+ AHB [ A+piB). B+AtB

s B . el o J
" - A+CA-B) - B+C(AB) (nR)  (Ap)

S A4 { /) >
_§ » \/._.\i(_/\ﬂfﬁ)(ﬁ’fﬁ) . B+A)(Q+B)
g i)) Y 7 Y= (A18). (A+B) =chﬁ+ﬂ8f5f‘+3€_,0

g p—
Y= Pa+AD
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7)) VAR 7 )
SW Karnaugh Map (K-map) L 2

CATYWAY CLAREN GATMWAY CLAREM

» 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
/ —
For SOP form For POS form
Each Cell contain a Minterm @ Each cell contain a Maxterm
e ——— ————
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

Y )

00 ¢ O I | | ) e
== ADCp ARTD ARCD ABcD
AR OO OO0 ‘OOO\ OOl 1 Oolo

Y 3 0 I | 2 2
2 Arcbh | ABcp ABCD A BeD
AD O oloo 0lal olll 0)10
4—+ S i S
S | ARCD ARCD ARCH ARCD
R 1 \S | -
PRED ARCD Alcp AR
A—B 10 Loao \0 ¢ lol| 1010
8 9 )

\Of




7))

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

7,

(1) 16 Group =2* (4 Variables minimise)

Ve
(2)8 Group =2% (3 Variables minimise) ¢ctacte
(3) 4 Group =2 (2 Variables minimise). (),

(4)1Group=2° (0 Variables minimise)

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

2



sﬂ) 1 Simplify the following function using K-map F (A, B) =X m(O 1,3)

60 o] ||

@

“MMF(A,@): >m (0,15 3) ~ B AR AR
FAR) = AR+ AB+ AR 2 B (®)
" - N G ) (A
Minteroy, A (R+R) + AR ) %
,.EHAB__ 7\ o 4 il 1 A
= E_\_& LA‘H*)(A{-B) R | 0 1
| .(516)7
1] |
o T §
2 3




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

SATIWAY CLARSM

Fes)-1 |

Qioama\ X
\/c*A- \V
hoy) —

AR+AR+AR+AR e
oo ©l 1o ||
0 & E) A
© 0 1
A ol |1 1
0 LI
A 1 1 1
2 | E




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

. ooo ool Oll 2110 &1/ /
BREC Y+ A+ ARC + AR, + ARL

C/a,8C) = AB ¥ ABT cxé
ol . 4 . -
B BcC BC
NOOH”(/“PS‘M&}W“'Q”“S s 00, LOI _ | O
o <l ’ .
P A0 ,l }‘ B 1 .
W \ W - o] 1 | 3 2
LW j A Pt - B )
' - 5] 1 6|




@ Q.4 Simplify the logic function using K-map
Y=Ym(0,23,4,6,7,9,11,16,18,19,20,22,23,25,27)

@fm/ ) E) W 6 F= BE + B D +BCF
A =0

—

><":
0 ©
T
QI
-
O
rn
Oml
\s

O
ol
m,
-
m

D

|
O s
m

\

i 00 O | | |
- @ =
Bc oofF Yf | )(1 ' Bc oo | \
Oi \n 2; = | 6 N )ﬁh
Bc OL'._Q) | ﬁkl y ¢ o ! \
4| s | 7] s g 2 | 2| <%
Bc 1y
l
i 12| L3, s ks Bc 11 38 | 25 "
- €
8¢ 10 | l \
. 8 Y )\ lo BC 1O , l
' ' Qq-‘ QS’ Q\li




@.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/'}z

SATIWAY ClLASS

Also implement the simplified function using basic gates only.

F/8,86D)= D ‘rﬁi D
uad " 1 §
</) ) Q.é £P G
s X | | | O
1 1
@1. —A & | O l 3. ‘A
Ay o1 g [ 1 1 1
Al | S | 7] 4
sk 4 dl 1
Ae ' | 12# \3‘ \5. lq_
AB- 10 1 &
§ 3 \\ o




£,)Q.6 Simplify the following function using K-map AKTU-2024 )
& ew
R F(AB,CD)=X(8,910,11,13,15,16, 18, 21, 24, 25, 26, 27, 30, 31). —-
2
Q A . O A ) ﬂ:‘
o = B W = DE  0E e B
0o ol X Ne YT '
8¢ . S
B¢ oo Bc oo | I
—r— > — o o e
Be O -
4ir Su 7t S - | 20 \ 21 N
\ ys . =
Bc n T \
Lol ] nl el .G | _%F I
- 1 © : S ——
3¢ 10Tl I I - r\\ | |
8] ) L | 10 ; 24 2 2

e Ez + ABE ADB + AB<De y AC E)




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)=Xm(1,4,8,12,13,15) +d (3, 14) RN
b D+ BUD +A?~5—Tf_\_§_ ) - - - "
T & o cb c D cO <D
OO O | I | | O
AQ OO 1 %
0| ( 3 | 2
A oo | |1
4 | ol 0| ¢
1 \ !
sg 10|/l
8 d | 9 \ | [\




@.8 Simplify the function F=Xm (0,3,5,7,8,9,10,12,13) + £d (1,6,11,14) using K-map and

SATIWAY

_ implement the simplified expression using NAND gates only
- BZC+ ADFACT + AD

e e
S5 <D c D c D
00 ol 1
ag“200 || | X |
r 0" '# hsn
‘AR O | |
= = 2
sl l P
|| \
Ag . Iz. \1. IS
AB 10 | \ \ X
5 % I\
L |




SATIWAY ClLARRM

Il
2|

T

o |~
]>'|
o




!
2
D

o

|
)

>

N

=g
e

i, > L i o
_ABD T LD RSO Tia3 D
\VA iz e
B P
) 4 Y s A\
f WV 2 - -1l = A,,___.( =
+ 1l \.T: = Adm
. i A N\, i e W 1 B
=
=
— T N U
S — b e A
T Yy —d—l— B

[

wie
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GWQ.9 Simplify the function F (A, B, C,D) =Xm(0, 2,5, 6,7, 13, 14, 15) +d (8, 10) using K-map éw
and implement the simplified function using NAND gates only. T
(a -

9 3 >
et o
& D B . 3
%% B\, PP v Qo o I o’
’E - -
T D = ]
> ' | |

Q } =2 = Ly - 2
‘« D - .

¢ o AR O | | |

50" e 4 S 7 A
= D &D .RC +
B — R F= ¢

| RC|F < = AR I I . \ |

I he. ~ RBP4+t & 2 % 1 4

:ﬁﬁ 1 R_RD N 1
AR 10 /X) X
8, 9 n| 1o




@ﬂ.ll Simplify the following Boolean expression using K-map.
= A~ B D%‘-
f(VW XY Z2)=¥m(0,78912,13,15,1

. c - ACDE + ABD+ ACDE +ART
A}\A:O - —

—

6,22,23,30,31)
DE + A CD

P . A=
‘b()< PE  DE  DE DE PE  DE D& DE
‘100l o It 1o 00 O | A | O
Bc oo l[ | Bc ool ||
= o | RSEEY 2 2 0 L £
B O I wwl | |
8¢ Of I (
® & > = = | -2 | 20 |2 |22
O0c 1 | | I (
2 || \
| - | \1’57 1$] (2 Bc | 25| Q4 | 31 6
& | B
8¢ 10 - s Y o Bc 10 -
| l 24 2 Q! 26




@ K-Map for POS Form

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

» Each cell contain a Maxterm

() —> Ln Cm‘f\?\omﬁvﬁej
| = (owplamented

2

=

B
A O

A

3 B
O |
0 D o L
(A +B) | AtE
1o = L
AR AR




7 )
Q}N (2) For three variables A, B, C

SATYNAY CLAREN

» NoofcellsinK-map=23=8

» Each cell contain a Maxterm
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GW).1 Simplify the Boolean expression using K-map and implement the simplified expression using ey
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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 e)q
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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 (PI) -

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 .
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3/\;) Q.3 Simplify the logic function using Tabular method
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Q.5 Minimizey=1I1M (2,7,8,9,10,12) IN SOP form using tabular method
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