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Introduction to Digital Systems

Digital systems are essential frameworks that = " T
that process, store, and communicate Advantages of Digital Systems

information in a digital format.
® Digital systems are easier to design: As the circuits are mainly

) switching circuits, where exact values of voltage or current in
They consist of components such as not important. But only the range( HIGH or LOW) in which a

processors, memory, and input/output devices specific voltage falls is important.

that work together to perform various " Mnformation:storagEiseoey
f ti ® Accuracy and precisions are greater: Digital systems can handle
unctions. as many digits of precisionsas you need simply by adding more
switching circuits. In Analog system precision is limited to only
Understanding digital systems is crucial for A a
. . ® QOperation can be programmed: digital system operations can
fields such as computer science, be programmed more easily as the variety and complexity of

telecommunications, and electronics. the problem is limited compared to analog system operations.



Analog vs. Digital Signals

.....................

Analog signals are continuous signals that

that represent physical quantities, such as | 0“‘2‘;;?;'9“‘*'
as sound and light. | i

Uy s
Digital signals, on the other hand, are discrete o——o\o N —O0,
and represent information in binary form, SH Encoding Y
using zeros and ones. circuit c U 5 D;

The conversion from analog to digital signals
allows for easier manipulation, storage, and
transmission of data in modern technology.



Characteristics of Analog Signals

Analog signals can take on an infinite number «n, analogsignal
number of values within a given range, making

making them highly detailed.
sampV | t w&zaton
They are susceptible to noise and distortion,

xk], time-discrete signal xg(1) quantized signal

which can degrade the quality of the signal

il 1

Common examples of analog signals include

audio recordings and traditional television xolkly  digital signal
guantization, ~  f----—-——----% sampling
broadcasts. -
T
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Characteristics of Digital Signals

Digital signals represent data using binary
code, making them less prone to error and
easier to store.

They can be compressed and encrypted,
providing enhanced security and efficiency for
data transmission.

Examples of digital signals include computer
data, digital audio, and video files.




Introduction to Binary Numbers

Binary numbers are the foundation of digital
systems, utilizing only two digits: 0 and 1.

Every digital system operates on binary, as it
aligns with the on-off states of electronic
circuits.

Understanding binary numbers is essential for
programming and digital circuit design.



Converting Decimal to Binary

To convert a decimal number to binary, divide
the number by 2 and record the remainder.

Continue dividing the quotient by 2 until the
quotient is zero, then read the remainders in
reverse order.

This method allows for precise representation
of decimal values in binary format.

Convert the following Decimal Number into Binary

201/2 100 |

100 |2 SO0 o
S01L 2T o
(Ayy? x|
1212 6 o
611 3 0
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Introduction to Octal Numbers

Octal numbers use a base-8 system, utilizing
digits from O to 7 to represent values.

Each octal digit corresponds to three binary
digits, facilitating easier human interpretation
of binary data.

Octal is less commonly used today but is still
relevant in certain computing applications.

Octal Number: 140

[1T4]o

PEIRN

1x82 | + 4x8| +|0x8

Decimal Number :140



Converting Binary to Octal

To convert binary to octal, group the binary
digits into sets of three, starting from the right.

If necessary, add leading zeros to complete the
leftmost group of three.

Each group can then be directly converted into
its corresponding octal digit.




Introduction to Hexadecimal Numbers

Hexadecimal numbers operate on a base-16
system, using digits from 0 to 9 and letters Ato g3

F to represent values. 20 21
30 31

_ _ _ 40 41
This system is more compact than binary and 50 51
can represent larger values with fewer digits. 60 61
70 71

_ _ _ 80 81
Hexadecimal is commonly used in 90 91
programming and computer science to simplify A0 Al
: . BO BT
binary representations. cg o
DO D1

EQ E1

Fo F1

02
12
22
32
42
52
62
72
82
92
A2
B2
C2
D2
E2
F2

03
13
23
33
43
53
63
73
83
93
A3
B3
C3
D3
E3
F3

04
14
24
34
44
54
64
74
84
94
A4
B4
c4
D4
E4
F4

05
15
25
35
45
55
65
75
85
95
A5
B5
C5
D5
ES
F5

HEXADECIMAL VALUES

06
16
26
36
46
56
66
76
86
96
A6
B6
C6
D6
E6
F6

07
17
27
37
47
57
67
77
87
97
A7
B7
C7
D7
E7
F7

08
18
28
38
48
58
68
78
88
98
A8
B8
C8
D8
E8
F8

29
19
29
39
49
59
69
79
89
99
A9
B9
C9
D9
E9
F9

QA
1A
2A
3A
4A
5A
6A
TA
8A
9A
AA
BA
CA
DA
EA
FA

0B
1B
2B
3B
4B
5B
6B
7B
8B
9B
AB
BB
CB
DB
EB
FB

oC
1C
2C
3C
4C
5C
6C
1C
8C
9C
AC
BC
CC
DC
EC
FC

oD
1D
2D
3D
4D
5D
6D
7D
8D
9D
AD
BD
CD
DD
ED
FD

QE
1E
2E
3E
4E
5E
6E
7E
8E
9E
AE
BE
CE
DE
EE
FE

oF
1F
oF
3F
4F
5F
6F
TF
8F
9F
AF
BF
CF
DF
EF
FF

DECIMAL RANGE
00-15
16-31
32-47
48-63
64-79
80-95
96-111
112-127
128-143
144-159
160-175
176-191
192-207
208-223
224-239
240-255



Converting Binary to Hexadecimal

To convert binary to hexadecimal, group the
binary digits into sets of four, starting from the
right.

Similar to octal conversion, add leading zeros if
necessary to complete the leftmost group.

Each group of four binary digits corresponds to
a single hexadecimal digit, allowing for easy
conversion.

Binary to Hexadecimal Conversion Table

Hexadecimal Number

Binary Number

0000

0001

o010

o011

0100

0101

o110

o111

1000

1001

1010

1011

1100

1101

MmO TP Ool0~Noja blw/N-=20

1110
1111




Complements [ Signed Binary Numbers 2 Binary
Codes [ Binary Storage & Registers



Introduction to Complements

Complements are fundamental in binary
arithmetic and digital systems.

They allow for simplified subtraction
operations and representation of negative
numbers.

The most common types of complements are
the 1's complement and 2's complement.

InputA | InputB Subtract | Borrow (B)
(S)
A-B
0 0 0 0
0 1 0 1
1 0 1 0
1 1 0 0




Understanding 1's Complement

1's complement is obtained by inverting all bits * 14 represent -34 in 2's complement form
of a binary number.

It is used to represent negative values, but it +34=00100010

has limitations like having two representations

for zero. llllllll
11041101 (vscomplement of +34)

When adding binary numbersin 1's
complement, a carry bit must be added back to
the result. t 1

-34=11011110 (2scomplementof +34)




Understanding 2's Complement

1's complement of a binary number.

It r;rovidelsfa urI;ique res(rjesentatign fgr zero +34=00100010
and simplifies binary addition and subtraction. l l l l l l l l
Most modern computing systems utilize 2's 11044101 (tscomplementof + 32

complement for signed binary number
representation.

-34=11011110 (2scomplementof +34)



Signed Binary Numbers

Signed binary numbers are used to represent
both positive and negative integers in binary
format.

The leftmost bit, known as the sign bit,
indicates the sign of the number (0 for positive,
1 for negative).

Different methods exist for representing signed
numbers, with 2's complement being the most
widely used.

Sign (1-bit) Magnitude (7-bits)
al - 1
00101101

-
[ } Word (8-bi)

— : Sign (1-bit) Magnitude (7-bits)
Positive Negative A
et

Magniude  Magnitude 1 0 1 0 1 1 0 1
|

T
Word (8-bi)

)

)

)

45

-4



Binary Codes

. d h Decimal Hex Char Decimal Hex Char |Decimal Hex Char |Decimal Hex Char
0 0 [NULL) 32 20 [SPACE] | 64 40 @ 96 60 3
Binary codes are systems that represent 0 0 PE T O I I T &
. . . . . 2 3 34 22 ¥ 66 42 B 98 62 b
information in binary form for processing and 3 s 5 & o s oc lw e
4 4 TRANSMISSION] 36 24 $ 68 44 D 100 64 d
5 ] 37 25 % 69 45 £ 101 65 e
Storage' 6 6 { EDGE] 38 26 & 70 46 F 102 66 f
7 7 (BEL 39 27 4 71 47 G 103 67 g
8 8 {BACKSPACE) 40 28 ( 72 48 H 104 68 h
9 9 [HORIZONTAL TAB] 41 29 ) 73 49 1 105 69 i
. . 10 A (LINE'REED) 42 2A * 74 4A J 106 6A j
Well-known binary codes include ASCIl for text u 5 s s 0 o+ |5 @ k |lw &
12 (& { ) 44 2C v 76 4C L 108 6C |

H H 171 13 D \GE RETURN] 45 i N 77 4D M 109 6D
representation and Gray code for minimizing D AL e NS A R
. d t | . t 15 F | 47 F 79 F 0 m 6 o
16 10 48 30 0 80 50 P 112 70 p
errors in digital communication. I I 4 ‘RNt i
18 12 50 32 2 82 52 R 114 72 r
19 13 51 33 3 83 53 S 115 73 s
20 14 52 34 4 84 54 : 116 74 t
1 H H H 1 1 21 15 ( 153 35 5 85 55 U 117 75

Different applications require different coding 2 i 3 Ralgnlz 20 |7 & u
. . 23 17 (ENG OF TRANS. BLOCK] 55 37 7 87 57 w 119 77 w
schemes to optimize performance and % 18 GWE] 56 B ool sox |0 7«
25 19 (ENC DI 57 39 9 89 59 Y 121 79 y
. ol 26 1A (SUBSTITUTE] 58 3A ' 90 5A 2 122 TA z
rellablllty. 27 1B [ESCAPE] 59 B 91 580 [ 123 B {
28 1C | PARATOR] 60 3C < 92 5C \ 124 7C |
29 1D {GROUP SEPARATOR] 61 3D = 93 5D ] 125 7D }
30 1E [RECORD SEPARATOR] 62 3E > 94 SE ” 126 7E ~

31 1F [UNIT SEPARATOR] 63 3F ? 95 5F £ 127 7F [DEL]




Importance of Binary Storage

Binary storage refers to the method of saving
data in a binary format within computing
systems.

It is crucial for efficient data retrieval and
processing in modern electronic devices.

Various storage devices, such as hard drives
and solid-state drives, utilize binary
representation for data management.




Registers in Computing

Registers are small, high-speed storage
locations within the CPU used to hold
temporary data and instructions.

They facilitate quick access to frequently used
data, enhancing the overall speed of processing
tasks.

Different types of registers exist, including data
registers, address registers, and instruction
registers.

, Data Bus

M Unit
emory Unit _ :
: ControlUnit | Address Bus
—_—
ProgramCounter (PC) [T (CU) Bociel s
Instruction Register (1R) & ‘
Memory Address Register €7 Arithmetic
And Logic Unit

AccumulatorRegister T

(AL )




Memory Hierarchy and Binary Storage

The memory hierarchy in computers organizes
storage from fastest to slowest, impacting
performance.

Registers, cache, RAM, and secondary storage
all play distinct roles in data management.

Understanding this hierarchy is essential for
optimizing system performance and resource
allocation.

Computer Memory Hierarchy

small size
small capacity

processor registers
very fast, very expensive

immediate term
small size
small capacity

medium size
medium capacity

processor cache
very fast, very expensive

random access memory
fast, affordable

power on
very short term

small size power off flash / USB memory
large capacity short term slower, cheap

large size power off hard drives

very large capacity mid term slow, very cheap

large size

power off tape backup
very large capacity long term very slow, affordable




Binary Number Systems in Practice

Binary systems are foundational in digital
electronics and computer architecture.

They are used for encoding data, performing
arithmetic operations, and executing
algorithms.

Proficiency in binary number systems is
essential for computer scientists and
engineers.

System
Binary

Number Systems

Digits

Octal

01234367

Decimal

0123436769

Hexadecimal

0123436789ABCDEF




Conclusion and Future Directions

The understanding of complements, signed
binary numbers, and binary storage is vital in
computing.

Future advancements in technology will
continue to evolve how binary representations
are utilized.

Continuous learning in these areas will enhance
the capabilities and efficiencies of digital
systems.

1, Convert the following decimal numbers to slgned binary numbers
2. -106 b. 171

[ A

2. Perform the following operations on signed binary numbers using twos complements and check your work after
converting all numbers to decimals
1010014 = 011010044 I




Binary Logic [ Integrated Circuits



Introduction to Binary Logic

Binary logic is the foundation of digital Types of Basic Logic Gates

electronics.
0) b. 0)

It uses two states, typically represented as 0
and 1, to convey information. AND

GATE
The principles of binary logic are essential for
the functioning of computers and other digital OR NOR
devices. GATE GATE

s

NAND
GATE

[T

Q

v

LL
3




Basic Concepts of Binary Logic

Binary digits, or bits, are the smallest unit of
data in computing.

Logical operations such as AND, OR, and NOT
manipulate these bits to perform
computations.

Understanding these operations is crucial for
designing efficient digital systems.

Convert the 8 bit binary number 00011010 into denary

16 +8+2=26

00011010,= 26,




Truth Tables

A truth table is a mathematical table used to
represent the output of logical operations.

Each row of the table corresponds to a unique
combination of input values.

Truth tables help visualize how binary logic
functions in different scenarios.




Integrated Circuits Overview

Integrated circuits (ICs) are compact assemblies 3+ ]1"?—}3*?92‘%9,, S
ALY Es

of electronic components. I'Tr.ei
~‘w L3

NCQZOI © Ac olog p .

They are essential for modern electronics,
allowing complex circuits to be miniaturized.

-

ICs can perform a variety of functions, from
simple logic operations to complex processing = ol | *Ce My

tasks. f«: CEB 7000 UZ‘Ol

muu‘ T 1

0-..

2 5




Types of Integrated Circuits

There are two main types of ICs: analog and
digital.

Digital ICs are used for binary logic
applications, while analog ICs manage
continuous signals.

Each type serves specific purposes in electronic
devices and systems.

Introduction to Integrated Circuits {ICs)

pLCC BGA

Slicon Chip

Wire Connection




Logic Gates in Integrated Circuits

Logic gates are the fundamental building blocks

of digital circuits. Basic Digital Logic Gates
Common logic gates include AND, OR, NOT, S oumur :D— :Do- :[)— :[)—

NAND, NOR, XOR, and XNOR. AND NAND

-D*Di}

A
0
1
0
1

= |o|lo|w
- lo|lo| e

These gates perform binary operations and are
implemented within ICs to create complex
circuits.

AANDB [A,B
AORB |A+B

NOTA |A
AXORB |AGB

1
=

1

% CIRCUITSDIY.COM
,'” My SMPLFYNGELECTRONGS

or!



Applications of Binary Logic and ICs

Binary logic and integrated circuits are used in
computers, smartphones, and other digital
devices.

They play a crucial role in data processing,
storage, and communication technologies.

The integration of logic functions into ICs has
revolutionized the field of electronics.




Advantages of Integrated Circuits

ICs offer reduced size and weight compared to K +-800-295-3800
discrete components.

They improve reliability and performance due

to fewer interconnections. INTEGRATED CIRCUITS.
. TYPES AND
The mass production of ICs has significantly ese) ! e /8 ADVANTAGES OVER

lowered costs in the electronics industry. ",’ ;j‘.;; % TRADITIONAL
L) s COMPONENTS

www.alliedeomponents.com




Future Trends in Binary Logic and ICs

Advances in technology are leading to smaller,
more powerful integrated circuits.

Emerging fields like guantum computing could
redefine binary logic principles.

Ongoing research aims to create more energy-

efficient and versatile ICs for various
applications.

ID 27647307 © Ludinko

@
dreamstime.com




Conclusion

Binary logic and integrated circuits are
fundamental to modern technology.

Your second bullet

Your third bullet




UNIT 2: BOOLEAN ALGEBRA&
AND LOGIC GATES



Bl Binary Logic B Switching Circuits And Binary
Signals P Basic Logic Gates: Graphic Symbol



Introduction to Binary Logic

Binary logic is the foundation of digital
computing and electronic systems.

It operates on two discrete values, typically
represented as 0 and 1.

Understanding binary logic is crucial for
designing and analyzing digital circuits.

Csmn

‘x‘..‘.'.




Importance of Binary Logic

Binary logic simplifies the representation of
complex data and operations.

It serves as a fundamental basis for
programming and algorithm development.

Many electronic devices, including computers
and smartphones, rely on binary logic.

ls Water Hot? ——

ls Water Hot? —

— No, It's Cold

—» Yes, It's Hot

-0, No, It's Very Cold

035 0 orits Cold

05, No, It's Normal
0.7, veah AlLittle Bit Warm
085

— > Yeah, Pretty Warm

1, Yeah, It's Very Hot

Binary Logic

-

Fuzzy Logic



Overview of Switching Circuits

Switching circuits are used to control the flow
of electrical signals in digital systems.

These circuits can switch between different
states, typically representing binary values.

They are essential for implementing logic
functions and data processing tasks.

Transistor in Cutoff

V, =0V

L

“low” input — 1 “high” output

0V = “low” logical level (0)
5V = “high” logical level (1)

5V



Binary Signals in Switching Circuits

Binary signals are electrical signals that can

exist in one of two states: high (1) or low (0). . Binary signls epresnt one o two possiblesats, e, or 1, s o no,curent orno current, e

IneletroicSysems binary signal can be represented by a vltage cn.a wire, e, 0V or 33V Each

The representation of binary signals is crucial .y : B - - .
P ! inary s 'S CTuel binarysignl crries one."Bi” ofiformatio, the it of information, Ansiwer th questions below:

for reliable data transmission and processing.
3) How many bits (vires carying binary signals ae reqire o repesent the output of a mofion

Switching circuits interpret these signals to detector, “motion” or “no motion” detected!
perform logical operations and control b) How many bt ar equire to représent nfegers (whole umbgrs)0... 63
functions. ¢) How manybits are required t represent infegers{hole numbers) ... 100

d) The output voltag ofa sensor varies between 0 V'ard 3, How many bts ar require to repre
sent hat utput with  resoluton of 1 mV? L. the outpitvolage i rounded to the neaest mV
valuebefor representation s binry signal



Introduction to Basic Logic Gates

Basic logic gates are the building blocks of

digital circuts. Basic Digital Logic Gates
They perform fundamental logical operations T o :D— :Do- :[)— :[)—

such as AND, OR, and NOT. AND NAND NOR

-D*Di}

- o= ol x»
= |o|lo|w
- lo|lo| e

Logic gates can be combined to create more
complex circuits and functions.

AANDB [A,B
AORB |A+B

NOTA |A
AXORB |AGB

.. = CIRCUITS DIYCOM
T



AND Gate: Graphic Symbol

The AND gate's graphic symbol resembles a D
shape with two inputs on the left and one
output on the right.

It outputs a high signal (1) only when both
inputs are high (1).

This gate is commonly used in various digital
applications for decision-making processes.

VVectorStock”

Vector: Stock.com/21527894




OR Gate: Graphic Symbol

The OR gate i ted b d sh

© gate 13 repres.en =0 By a clirved shape Multi Input & Output Diagram Concept
that converges to a single output.
It outputs a high signal (1) if at least one of its
inputs is high (1).

OR gates are widely used in scenarios where
multiple conditions can trigger an action.

Placeholder




NOT Gate: Graphic Symbol

The NOT gate, also known as an inverter, has a
triangular shape with a small circle at the
output.

It inverts the input signal, producing a high
signal (1) when the input is low (0), and vice
versa.

This gate is essential for creating
complementary signals in digital circuits.



Combining Logic Gates

Logic gates can be combined in various
configurations to create complex circuits.

Such combinations allow for the
implementation of arithmetic operations and
data processing.

Understanding how to manipulate these gates
is key to designing effective digital systems.




Conclusion and Applications

Their applications extend to computing, "
telecommunications, and automation.

Binary logic, switching circuits, and logic gates ' =.
are integral to modern technology. p ‘Lillj}_J """""""
14 [ [ E I

A strong grasp of these concepts is essential for

anyone pursuing a career in electronics or =
computer science. )
OE2

0212 3 CIRCUITS IDENTICAL TO ABOVE CIRCUIT
- S
IN DASHED ENCLOSURE




Timing Diagram:Boolean Algebra:Rule In Boolean
Algebra:Boolean Laws:Commutative
Law:Associative Law



Introduction to Timing Diagrams

Timing diagrams visually represent the
behavior of digital circuits over time.

They show how signals change in response to
clock cycles and inputs.

Understanding timing diagrams is crucial for
designing reliable electronic systems.

AIZTINT
LNAN L NN




Basics of Boolean Algebra

Boolean algebra is a branch of mathematics
that deals with true or false values.

It forms the foundation for digital logic design
and circuit simplification.

Boolean expressions use variables and
operators like AND, OR, and NOT to represent
logic functions.

Laws of Boolean Algebra

Name AND form OR form
Identity law 1.A=A 0+A=A
Null law 0.A=0 1+A=1
Idempotent law A.AA A+A=A
Inverse law AA=0 A+A=1
Commutative law A.B:B.A A+B=B+A
Associative law (AB)C=A(BC) (A+B)+C=A+(B+C)
Distributive law A+BC = (A+B)(A+C) | A(B+C)=AB+AC
Absorption law A(A+B) = A A+AB=A
De Morgan's law AB:=A+B A+B=AB




Importance of Rules in Boolean Algebra

Boolean algebra has specific rules that help
simplify complex expressions.

F=AB+(A+ B+ C.C)
These rules ensure consistent results in logical S T3
operations and circuit design. =AB+ (A+ B+ 0)

= AB+(A + B)
Mastering these rules is essential for engineers _ AE+(1=X ﬁ)
and computer scientists. - 7

= AB+A.B

= A(B+B)

=A.l

=A



Overview of Boolean Laws

Boolean laws include identities, null elements,
idempotent laws, and more.

Each law provides a way to manipulate Boolean
expressions for simplification.

Familiarity with these laws is necessary for
effective circuit design.

Boolean (or Switching) Algebra
Name AND form OR form

Identity law 1A= A D+A=A
Mull law 0A=0 1+A=1
Idempotent law AA = A AsA=A
Inverse law AA=0 AsR=1
Commutative law | AB = BA A+B=B+A
Associative law (AB)C = A(BC) (A+B)+C=A+(B+C)
Distributive law A+BC={A+BjA+C) |AB+C)=AB+AC
Absorption law AA+B)=A A+AB=A
De Morgan's law AB=A+B A+B=AB

Some identities of Boolean algebra.




The Commutative Law

variables does not affect the result.

For example, A+ B=B+AandA . ' . . . .
0000 00

2x4 4 %2

The commutative law states that the order of . .



Applications of the Commutative Law

The commutative law can be applied in circuit
design to reorder inputs.

It allows for flexibility in logic gate . .' . '

arrangements without altering output.

Understanding this law aids in optimizing . . . '

circuit layouts for efficiency.

4 %2



The Associative Law

The associative law indicates that the grouping
of variables does not affect the result.

For instance, (A+B)+C=A+(B+C)and (A

Your third bullet

A . =Y ——

N Ave ~ Ave
e o 4 ~ i
A ~ s .

3 Al > AB
=3 " A -

. S ~
T A(BC) 5\ <
4

= A+B
— |
7? T (A+B)+C

0 o




Applications of the Associative Law

The associative law allows for the combination
of multiple terms into simpler forms.

It is particularly beneficial in designing circuits
with multiple inputs.

Engineers can use this law to streamline logic
functions and improve performance.




Combining Commutative and Associative Laws

Both laws can be used together to simplify
complex Boolean expressions effectively.

They provide a systematic approach to
manipulating logical equations.

Mastery of these laws enhances problem-
solving skills in digital logic design.

Law
Commutative law of Addition
Commutative law of Multiplication

Associative law of Addition

Associative law of Multiplication

Distributive law

Cancellation law of Addition

Cancellation law of Multiplication

Description
a+tb=b+a

a.b=b.a

at(b+c)=(@a+b)+ca+(b+c)

={a+h)+c

a.lb.c)=(@a.b).c.a.(b.c)
=(a.b).c

a+tc=b+cea=b

a.c=b.cesa=bwherec!=0



Postulates:Basic Theorems And Properties Of
Boolean Algebra:Operator Precedence:Boolean
Function



Introduction to Boolean Algebra

Boolean Algebra is a mathematical structure
that deals with binary variables and logical
operations.

Developed by George Boole in the mid-1800s,
it serves as the foundation for digital logic
design.

Understanding Boolean algebra is essential for
computer science, electronics, and logic circuit
design.




Basic Postulates of Boolean Algebra

The basic postulates define the foundational Besic Rules of Boolean Algebra

rules that govern Boolean operations.

1. A+0=A 7. A-A=A
There are several key postulates, includingthe 2. A+1=1 8. A-A=0
identity, null, and complement laws. =

3. A-0=0 9. A=A
These postulates provide the basis for 4. A-1=A 10. A+AB=A
manipulating Boolean expressions and 5 A+A=A 11 A+AB= A+R
functions. : :

6. A+A=1 12. (A+B)A+C)=A+BC

DeMorgan's Theorem

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



Fundamental Theorems

Fundamental theorems of Boolean algebra
include the idempotent, domination, and
double negation theorems.

These theorems help simplify and optimize
Boolean expressions for more efficient circuit
design.

Each theorem has specific applications, aiding
in the transformation of logic circuits.

I. | Law of Identity A=A
A=A
2, |Commutative Law AB=B-.A
A+B =B+ A
3. | Associative Law A-B-C)=A-B:C
A+(B+C)= A+B+C
4. |Idempotent Law A-A=A
A+A=A
5. | Double Negative Law A=A
6. |Complementary Law AA=0
A+A =1
7. | Law of Intersection A1 =A
As0 =0
8. |Law of Union A+l =1
A+0 = A
9. | DeMorgan’s Theorem AB=A+B
A+B=AB
10. | Distributive Law A-(B+C)=(AB)+(A-O)

A+(BC) = (A+B):-(A+QO)

Law of Absorption

A-(A+B)= A
A+(AB) = A

Law of Common Identities

A -(E +B) = AB
A+(AB) = A+B




Properties of Boolean Algebra

Boolean algebra has several important
properties, such as commutativity,
associativity, and distributivity.

These properties allow for the rearrangement
and simplification of logical expressions.

Understanding these properties is crucial for
both theoretical and practical applications in
computer engineering.

Laws of Boolean Algebra

Name AND form OR form
Identity law 1.A=A 0+A=A
Null law 0.A=0 1+A=1
Idempotent law A.AA A+A=A
Inverse law AA=0 A+A=1
Commutative law A.B:B.A A+B=B+A
Associative law (AB)C=A(BC) (A+B)+C=A+(B+()
Distributive law A+BC = (A+B)(A+C) | A(B+C)=AB+AC
Absorption law A(A+B) = A A+AB=A
De Morgan's law AB=A+B A+B=AB




Operator Precedence in Boolean Algebra

Operator precedence determines the order in BOOlean Algebl'a

which operations are performed in Boolean
expressions.

The standard precedence follows a specific
hierarchy, similar to arithmetic operations.

Knowing operator precedence is essential for
correctly interpreting and simplifying Boolean
expressions.




The AND Operator

The AND operator is represented by the
multiplication symbol (-) or simply by
juxtaposition.

It returns true only when both operands are
true, embodying the concept of logical
conjunction.

The AND operator is fundamental in
constructing complex logical functions and
circuits.




The OR Operator

The OR operator is represented by the addition
symbol (+) in Boolean algebra.

It returns true if at least one of the operands is
true, representing logical disjunction.

This operator is widely used in decision-making
processes and circuit designs.




The NOT Operator

The NOT operator is a unary operator that
inverts the value of a Boolean variable.

It is commonly represented by an overline or
the symbol ().

Understanding the NOT operator is essential
for creating complementary logic and circuits.



Boolean Functions

A Boolean function is a mapping from a set of
binary inputs to a single binary output.

These functions can be expressed in various
forms, including truth tables, algebraic
expressions, and logic diagrams.

Boolean functions are crucial for designing and
analyzing digital circuits and systems.

x o 0 1 1
Function

» o 1 0 1
Constant O 0 O O O O
And xX-y O 0 0 1
x And Not y x-y O o0 1 O
X X 0O O 1 1
Not x And y xX-y O 1 0 O
v v 0 1 0 1
Xor X-yV+X-y 0 1 1 0
Or X4y 0 1 1 1
Nor x 'y 1 O 0 O
Equivalence xX-y4+x-y 1 O 0 1
Not y v 1 0 1 0
If y then x X+ ¥y 1 0 1 1
Not x x 1 1 0 0
If x then y X+ y 1 1 0 1
Nand x-y 1 1 1 0
Constant 1 1 1 1 1 1




Applications of Boolean Algebra

Boolean algebra has numerous applications in
computer science, particularly in digital circuit

design. F=AB+(A+ B+ C.C)
It is used in programming, database design, and 7 A_B+ (_A +_B +0)
artificial intelligence for logical reasoning. = AB+(A + B)

= AB+(A.B)

Mastery of Boolean algebra enables efficient

problem-solving and optimization in - AB_'l'A'B
technology. = A(B+B)
=Al

=A



UNIT 3:
SIMPLIFICATION OF
BOOLEAN FUNCTION




Universal Gates [ IC Digital Logic Families
Propagation Delay



Introduction to Universal Gates

Universal gates are fundamental components
in digital logic design, capable of implementing
any Boolean function.

The most common universal gates are NAND
and NOR gates, which can be used to construct
all other basic gates.

Understanding universal gates is essential for
simplifying digital circuits and enhancing their
functionality.

» D

NOR GATE

B

NAND GATE

»

XOR GATE

NOT GATE

OR GATE

j)

AND GATE

»

XNOR GATE



Characteristics of Universal Gates

Universal gates can create any logic circuit
using just one type of gate, simplifying design
and manufacturing.

They provide versatility, as they can be
combined in various configurations to achieve
desired outputs.

The ability to implement any Boolean
expression makes universal gates crucial in
digital electronics.
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IC Digital Logic Families Overview

Integrated Circuit (IC) digital logic families are
groups of related logic gates that share similar
characteristics and performance.

Output Voltage

Common families include TTL (Transistor- Logic 1
Transistor Logic), CMOS (Complementary
Metal-Oxide-Semiconductor), and ECL (Emitter- :

, Undefined
Coupled Logic).

Each family has specific applications, power Logic 0
consumption levels, and speed, influencing > t
their selection for various projects.

(@)




TTL Logic Family

TTL is one of the earliest and most widely used
logic families, characterized by its fast
switching times and moderate power
consumption.

It operates with a standard voltage range of
4.75V to 5.25V, making it compatible with
many digital circuits.

TTL devices are known for their robustness and
ease of use, though they can be less power-
efficient compared to newer families.

TTL and CMOS logic levels
4+ TTL = Transistor-transistor TTL
logic (bipolar transistors) 5V
+ CMOS = Complementary HIGH
metal oxide semiconductor t,'“’:‘“_“":z}'f:
ABNORMAL ’ =
+ TTL IO are closer to ViLmas =08 Y
“O\M V! p NTIETY = []'5 ¥
ground than CMOS o
@ Logic families not 100%
compatible CMOS
© More about this later ¥iny Voitmin
HIGH - High-staze
U ¥y Vibtwin OIC noise margn
ABNORMAL
0.3V Vitwan
-0 [-=———— Low ciafo
J Vorme D0 nnise margin
Flgare 3-26  Lajic els and 5213 margirs for e HC-sames GHOS lege 12y,

C. Diorio, CSE467, Lecture 4: Fized fanction logic

-

High-state
DC noise margin

Low-stata
DC noise margin



CMOS Logic Family

CMOS technology is known for its low power
consumption and high noise immunity, making
it ideal for battery-operated devices.

This family operates on a wider voltage range
and can achieve higher densities of logic
functions on a single chip.

CMOS gates switch slower than TTL but offer
better performance in high-speed applications
due to their lower heat generation.

VGS

VGS

\\ Vas < Vr

Vs > Vy




ECL Logic Family

Emitter-Coupled Logic (ECL) is known for its
very high speed, making it suitable for high-
frequency applications like
telecommunications.

ECL devices operate at a higher voltage range,
typically from -5.2V to -4.5V, which can
complicate circuit design.

While ECL provides superior speed, it also
comes with higher power consumption and
cost compared to other families.




Propagation Delay Explained

Propagation delay is the time it takes for a
signal to travel through a logic gate, affecting
overall circuit performance.

It is a critical parameter in digital design, as it
influences the maximum operating frequency
of a circuit.

Understanding propagation delay helps
engineers optimize circuit designs for speed
and efficiency.




Factors Affecting Propagation Delay

Several factors can influence propagation
delay, including temperature, supply voltage,
and load capacitance.

The type of logic family also plays a significant
role, with different families exhibiting varying
propagation delays.

Designers often need to balance propagation
delay with power consumption and circuit
complexity in their designs.



Measuring Propagation Delay

Propagation delay is typically measured using

time-domain reflectometry or oscilloscopes to T
. . . ‘1 yO

analyze signal transitions. Inverter(NOT gate

It is essential to measure both the rising and
falling edges of the signal to get an accurate
representation of delay.

Understanding how to measure and analyze
propagation delay is critical for successful
digital circuit design.

tr = Rise transition time
tf = Fall transition time
tphl = Propagation delay high-low
tplh = Propagation delay low-high



Conclusion and Applications

Universal gates, IC digital logic families, and
propagation delay are essential concepts in
digital electronics.

Mastering these topics enables engineers to
design efficient, reliable, and high-performance

digital circuits. Input,
Their applications range from simple consumer Inputy—
electronics to complex computer systems, il
underscoring their importance in modern DA

technology.

Output
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Introduction to SOP and POS

SOP and POS are two fundamental forms of
representing Boolean functions.

They are essential for simplifying logic
expressions in digital circuit design.

Understanding these forms is crucial for
optimizing circuit performance.

Representation of Boolean Expression

Boolean expressions can be represented in 2 forms

1. Sum of product -SOP

2. Product of sum=PQS

SOPEg: AB*BC, } 4 4 ) B

POS Eg: (A+B).(B+C)

These expressions are in SOP & POS forms but they are not in standard SOP & POS.
They are not unique.

ﬂ(@+ Bc - f@fwﬂ A 8,C

A ’—'MB C
T rBsC 7 AIBIA/B/C)’Z1 /
=

o vtk il pofloes P Ul



Definition of SOP

. . b
The Sum of Product§ (SOP) is a canonical form / a 00 01 11 10
for Boolean expressions. c
0]00 BN 1 1 1

It consists of multiple product terms summed
together. Ol O 1 1 9]
Each product term represents a set of 11| O 1

g . . @) O
conditions under which the function outputs
true. 10| 1 o | o 1

g =>m(2,4,5,7,8,10,12,13)

Im mMC0,1,3,6,9,11,14,15)

09
|



Definition of POS

Product of Sums (POS) is another canonical
form for Boolean expressions.

It is composed of multiple sum terms
multiplied together.

Each sum term represents a set of conditions
under which the function outputs false.



Conversion from Truth Table to SOP

To convert a truth table to SOP, identify all rows Convert the following SOP expressions

where the output is true. to POS form:
SOP
Each true output row contributes a product F(4,8.C)= ABC + AB'C' + AB'C + ABC' + A'B'C ﬁ,::%
term to the SOP expression. 111,100 101 110 001
= z m(1,45,6,7) PS5
Combine all product terms using the OR 4=0
operator to form the final SOP. = HM(O,ZS) il

0,,=000, 2,,=010, 3= 011,
A+B+C A+B'+C A+B'+C’
F(AB,C)=(A+B+C)A+B +C)A+B'+C)




Conversion from Truth Table to POS

For POS, focus on the rows where the output is
false in the truth table.

Each false output row generates a sum term
for the POS expression.

Combine these sum terms using the AND
operator to produce the final POS.

6. Truth Tables for Va

You €an use a truth table to determine whether an argument in propositional logic is valid or
Invalid. Each row of the truth table = =ad caze or state of affairs.
In & valid argument, it Is Impossible for the conclusion to be false when all the premises are true.
Therefore, if a truth table for an argument has at least one row in which the premises are all true
and the conciusion is false, then the argument is invalid. If the truth table contains no row in
which the premises are all true and the conclusion Is false, then the argument is valid.

Use this truth table to determine whether the glven argument is vallid or invalld. Be sure to go
through all of the following steps:

Fill in the truth table by entering T or F in the spaces beneath each simple proposition

letter and operator. Use the hint tabs below the table If you need help remembering the
definitions of the propositional operators.

2. Mark the column representing each premise and the conclusion by typing a lowercase x
in the boxes in the appropriate columns of the bottom row.

3. Mark all rows in which the premises are all true and the conclusion is false by typing a

se x In the rig st column.
4. Based on the completed truth table, determine whether the given argument is valid or
invalid. Indicate your answer using the provided dropdown menu.

Given Argument

o
U=
Premise 3: FvR
Premise 4. U=
Conclusion: R = (F v H)
Given Truth Table
Truth
values 2 Premise 2 =
F rR U = v 5 R 7 O = G 7 G ~ R 7 O =
S PAAST pE T
s L
SRS Y
T . e
T F T T
¥ F T F
T F F T
T F F F
G S
F T T F
¥ T ¥ T
F T F F
MY
F F T F
F F F T
F F F F

Main Columns:

Based on the completed truth table, this argument is - .



K-Map Overview

A Karnaugh Map (K-Map) is a visual tool used
to simplify Boolean expressions.

It provides a systematic way to group adjacent
cells representing minterms or maxterms.

K-Maps help to minimize SOP and POS forms
effectively.

A Karnaugh map (K-Map) is a visual method used to simplify the
algebraic expressions in Boolean functions without having to use,
remember or manipulate each and every Boolean algebraic theorem. It
involves fewer steps than the Boolean algebraic minimization technique
to arrive at a simplified expression.

(@)

(b)

Simplify the following Boolean expression of output X using K-Map:

X = ABD + BCD + ABCD + CD
(10 marks)

Design the logic control circuit of Figure 3. The control circuit
functions to turn ON the light bulb whenever the binary inputs are
even numbers between 1 and 15 in decimal. Other than that, the
light bulb turns OFF. In your design, include:

i the truth table deduced from the description.
(8 marks)

ii. the simplified output expression using K-Map.
(5 marks)

ii. the logic control circuit using combinational logic gates.
(2 marks)

W e————
Ko Logic F
control
Yioo—-— circuit

Z o—o——

Figure 3



SOP Simplification using K-Map

In a K-Map, mark the cells corresponding to the
minterms of the SOP expression.

Group the marked cells into rectangles, each
representing a product term.

The resulting simplified expression is derived
from the groups formed.

\CD 00 01 11 10
AB
‘L] o] o [

0 1 3 2
01 0 ( 1 1 ] 0

4 5 Fi 6
A o [l )| o

12 13 15 14
10 1) 0 0 0

8 9 1 Lﬂ]




POS Simplification using K-Map

For POS simplification, mark the cells
corresponding to the maxterms of the function.

Group the unmarked cells in rectangles, each
representing a sum term.

C
0 1
The final POS expression is obtained from these X - ] §
groups. 0{fo | o
ot| (o]t 0]
11 0 T AC
0 (1 | (2448




Advantages of K-Maps

K-Maps simplify the process of minimizing
Boolean expressions visually.

They reduce the likelihood of errors compared
to algebraic simplification methods.

K-Maps are particularly useful for functions
with up to six variables.




Conclusion

Understanding SOP, POS, and K-Maps is
essential for digital circuit design.

These tools enhance the ability to create
efficient and effective logical circuits.

Mastery of these concepts is beneficial for
students and professionals in electronics.

SOP and POS Examples

A B C

1,48

Y (AgY) = T (4,4S)

Y« ABT +
ABLt ABL +4BC

Cinstieal SOP fam

16 /Digital Electronics
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NAND And NOR Implementation P Canonical And
Standard Forms [ Truth Tables



Introduction to NAND and NOR Gates

NAND and NOR gates are fundamental building = st symea

blocks in digital electronics. o AL P AB

Both gates are universal, meaning they can be e b Ay e
used to create any digital logic circuit.

OR Gate

Their implementations are crucial in simplifying & p— r%
complex logical expressions. &
NOR Gate
ATl &
g & &
"] &

NOT Gate

XOR Gate

&

&

XNOR Gate

A+B

>=|

A®B



Characteristics of NAND Gates

A NAND gate produces a low output only when
all its inputs are high.

The truth table for a NAND gate shows that the
output is the inverse of an AND gate.

It is widely used in various applications due to
its versatility and ease of use.

i’ |
W
;LL -




Characteristics of NOR Gates

A NOR gate produces a high output only when
all its inputs are low.

The truth table for a NOR gate indicates that
the output is the inverse of an OR gate.

Like NAND gates, NOR gates can also be Clk——
employed to create any other logical function.

PP

U

Ll



Truth Tables for NAND Gates

The truth table for a 2-input NAND gate
consists of four possible input combinations.

The output of the NAND gate is high for three
combinations and low for one.

Understanding the truth table is essential for
designing circuits using NAND gates.

SYMBOLS & TRUTH TABLES OF COMMON LOGIC GATES

AND GATE
o0—
o —

Ca

NAND GATE
o —
o —

Carym

LZ

OR GATE
o —
0 —

oflo| o
o1 1

NOR GATE

o—

L8 _ousut

NOT GATE

0 — —0

o 1
1 a

XOR GATE

o—
®—

oo o

BUFFER

Q— —Q
ETET
Lo [ o |
I

XNOR GATE

o—
© —

44




Truth Tables for NOR Gates

The truth table for a 2-input NOR gate also

consists of four possible input combinations. Truth Table of input INOR Gate

A B C Q

The output of the NOR gate is high for only one . . : ,

combination and low for the others. ; 0 1 ;

. : . . . . S . 0 1 0 0
This truth table is crucial for implementing logic %! s

circuits with NOR gates. ’ ! ! !

1 0 0 0

1 0 1 1

1 1 0 1

1 1 1 0




Canonical Forms Overview

Canonical forms are standardized ways of
representing logical expressions.

They include Sum of Products (SOP) and
Product of Sums (POS) forms.

These forms are essential for simplifying and
implementing digital circuits.

Lecture omn 3-25saA305% Spring 2013

1Canonical Form




Canonical Sum of Products (SOP)

The SOP form is created by summing the
products of the input variables.

Each product term corresponds to a row in the
truth table where the output is high.

This form can be implemented using NAND
gates by applying De Morgan's theorem.



Canonical Product of Sums (POS)

The POS form is generated by multiplying the
sums of the input variables.

Each sum term corresponds to a row in the
truth table where the output is low.

NOR gates can be used to implement the POS
form effectively.



Standard Forms and Their Importance

Standard forms are simplified versions of
canonical forms for ease of implementation.

They reduce the complexity of logical
expressions, making circuit design more
efficient.

Understanding standard forms helps in
optimizing digital circuits for performance and
cost.

Lecture omn 3-25saA305% Spring 2013

1Canonical Form




Conclusion and Applications

NAND and NOR gates are essential in creating
efficient digital systems.

Mastery of truth tables and canonical forms is
vital for anyone in electronics or computer
engineering.

Their applications range from simple circuits to
complex computational systems in modern
technology.

SYMBOLS & TRUTH TABLES OF COMMON LOGIC GATES

AND GATE
o0—
o —

(ile oupu

oo o
o|[1| o

NAND GATE
o —
o —

Carym

1|0 1

OR GATE
o —
0 —
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oo o

NOR GATE
00—
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Two — Variable Map [ Three — Variable Map & Four
— Variable Map



Introduction to Variable Maps

Variable maps are a visual representation used
in Boolean algebra and digital logic design.

They help simplify complex logical expressions
by organizing truth values systematically.

Understanding two, three, and four-variable
maps is essential for designing efficient digital
circuits.

What is Boolean

Algebra?

Basic Rules of Boolean Algehra

. A+0=4 7. AA=A
1., A+1=1 8. AA=0
. A-0=0 9. A=A
. Ad=A 10, A+AB=A
. AtA=A 11. A+AB=A+B
. A+A=1 12. (A+B)A+C)=A+BC

{AB) = (R + B)

DeMorgan's Theorem

Commutative Property of Addition
A+B=B+A

2 Electrical 4

(R+B) = (RB) |



Two-Variable Map Overview

A two-variable map is a grid that represents all
possible combinations of two input variables.

The map consists of four cells, each
corresponding to a unique combination of the
variables' truth values.

It is commonly used to simplify Boolean
expressions involving two variables using
grouping methods.




Creating a Two-Variable Map

To create a two-variable map, list the variables
along the rows and columns of a 2x2 grid.

Fill in the cells based on the output values of
the logical expression for each input
combination.

Group adjacent cells with '1's to identify
simplified product terms in the expression.

Types of Variables

Independent

The one thing
you change.
Limit to only one

in an experiment.

Example:
The liquid used to
water each plant.

Independent
Variable

| &
. 4‘j

Dependent

The change that
happens because
of the
independent
variable.

Example:
The height or
health of the plant.

Dependent
Variable

Controlled

Everything you
want to remain
constant and
unchanging.

Example:

Type of plant used,
pot size,

amount of liquid,
soil type, etc.

Controlled
Variables




Example of a Two-Variable Map

Consider the expression F(A, B) = AB + A'B.

The corresponding two-variable map will have
'1's in the appropriate cells based on the truth

table.

This visual representation makes it easier to
identify simplifications and redundancies.

2.13 Draw logic diagrams to implement the
following Boolean expressions: (a) y = [(u +x') (y'
+2)] (b)y=(u'y)'+x(c)y=(u+x)(y+Z) (d)y=
ulx'z)+y'(e)y=u+yz+uxy (fly=u+x+x'(u+y'




Three-Variable Map Overview

A three-variable map expands the concept to
include three input variables, resulting in an 8-
cell grid.

Each cell represents a unique combination of
the variables' truth values, allowing for more
complex expressions.

This map is particularly useful for simplifying
Boolean functions involving three variables.

ab
00 | 01 | 11 | 10
C
, | 000 | 010 | 110 | 100
0|2 | (6 | (4)
| o ot ant o

(1)

(3)

(7)

()

Fig. 2.18 The three-variable K-map




Creating a Three-Variable Map

To create a three-variable map, organize the
variables in a 2x4 grid format.

Fill the cells according to the output values
derived from the logical expression for each
combination.

Groups of adjacent '1's can be combined to
simplify the Boolean function efficiently.

I[10 00 0 |
] oo
A=A N Ry I
) n i

_Groupsoﬂ

1
00

Groupsof4




Example of a Three-Variable Map

For the expression F(A, B, C) = ABC + AB'C +
A'BC', we can create a corresponding three-
variable map.

Each cell is filled based on the truth table
values for the expression.

This helps visualize potential simplifications
and optimal circuit designs.

01

1"

10




Four-Variable Map Overview

A four-variable map introduces even more
complexity, represented by a 16-cell grid.

Each cell corresponds to a unique combination
of four input variables, allowing for
comprehensive analysis.

This map is ideal for simplifying Boolean
expressions with four variables, streamlining
circuit design.



Creating a Four-Variable Map

To create a four-variable map, arrange the
variables in a 4x4 grid format for clarity.

The cells are filled similarly to the previous
variable maps, reflecting the output of the
logical expression.

Identifying groups of adjacent '1's aids in the
simplification process for the expression.



Conclusion and Applications

Two, three, and four-variable maps are

essential tools in digital logic design and Karnaugh MGPS

simplification.

These maps facilitate the understanding of '
complex Boolean expressions and enhance F - Q "}' A b
circuit efficiency. st —

Mastery of variable maps is crucial for
engineers and designers working in electronics

and computer science. | . + A Bl ¢

[ ctraodio)
+ |':A Bc_ D_"
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COMBINATIONAL LOGIC



Introduction To Combinational Circuit Bl Design
Procedure



Introduction to Combinational Circuits

Combinational circuits are fundamental
building blocks in digital electronics.

They produce outputs based solely on the
current inputs without any memory elements.

Examples include adders, multiplexers, and
decoders.




Characteristics of Combinational Circuits

Combinational circuits do not have any
feedback loops or storage elements.

The output is a function of the present input
values only.

Combinational

These circuits can be analyzed and designed

using Boolean algebra. L()gic Ci]'Cllit




Basic Components of Combinational Circuits

Fundamental components include logic gates
like AND, OR, and NOT gates.

These gates can be combined in various ways
to create complex functions.

Each gate performs a specific logical operation
to process input signals.



Design Procedure Overview

The design procedure for combinational
circuits involves several key steps.

These steps ensure that the circuit meets the
desired functionality and specifications.

A structured approach helps in minimizing
errors during the design process.

?

[ IT

Gombinational
Gircu

[ 11




Step 1 - Define the Problem Statement

Clearly outline the functionality that the circuit
needs to achieve.

Identify the number of inputs and outputs
based on the requirements.

Gather all necessary specifications to guide the
design process.

DEFINETHE
PROBLEM




Step 2 - Create Truth Table

A truth table lists all possible input
combinations and their corresponding outputs.

This table serves as a foundation for deriving
the logic expressions.

It provides a clear representation of how the
circuit should behave.



Step 3 - Derive Boolean Expressions

Use the truth table to formulate Boolean
expressions for the outputs.

Apply Boolean algebra simplification
techniques to optimize the expressions.

This step helps in reducing the number of gates
required in the circuit.

b) Write Boolean expressions and
construct the truth table describing the
outputs of the circuit depicted by the
following logic diagram: [2+2=4
marks|

" SA D
e

e

/



Step 4 - Implement Using Logic Gates

Based on the simplified Boolean expressions,
select appropriate logic gates.

Arrange the gates to construct the circuit
diagram as per the logic functions.

Ensure that the connections reflect the derived
expressions accurately.



Step 5 - Test and Validate the Circuit

Simulate the circuit using software tools to G
verify its functionality.

Check if the output matches the expected
results for all input combinations.

Make necessary adjustments if any
discrepancies are found during testing.




Conclusion and Applications

Combinational circuits are essential in various
digital systems and applications.

Their design procedure ensures reliability and
efficiency in circuit performance.

Mastering combinational circuit design is
crucial for success in electronics engineering.

Combinational Logic Circuits

Y

Arithmetic &
Logical Functions
Adders Multiplexers
Subtractors Demultiplexers
Comparators Encoders
PLD’s ‘Decoders




Code Conversion 2 Analysis Procedure



Introduction to Code Conversion

Code conversion refers to the process of
transforming code from one programming
language or format to another.

This procedure is essential in modern software
development to facilitate interoperability and
reuse of existing code.

Understanding the analysis procedure is crucial
for ensuring accuracy and efficiency in code
conversion tasks.




Importance of Code Conversion

Code conversion enables organizations to
modernize their applications without starting
from scratch.

It helps in integrating legacy systems with
newer technologies, improving overall system
performance.

Effective code conversion can lead to cost
savings and faster time-to-market for new
features.




Overview of the Analysis Procedure

The analysis procedure for code conversion
involves several key steps to ensure a smooth
transition.

It begins with identifying the source and target
languages or formats for conversion.

A thorough understanding of both languages is
critical for successful code mapping and
transformation.




Requirement Gathering

Requirement gathering is the first step in the
analysis procedure where developers collect
necessary information.

This includes understanding the functionality of
the existing code and the desired outcomes in
the target language.

Engaging stakeholders during this phase is
essential for capturing all necessary
requirements.



Code Assessment

Code assessment involves reviewing the
existing codebase for complexity and potential
conversion challenges.

This step may include identifying
dependencies, third-party libraries, and specific
language features used.

A comprehensive code assessment helps in
planning the conversion strategy effectively.




Mapping Source to Target

Mapping source code to target code is a crucial
part of the analysis procedure.

Developers need to identify equivalent
constructs, functions, and libraries in the target
language.

This mapping process ensures that the
functionality of the original code is preserved
in the new environment.
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GRO0000S 1 CE000001 4 09.03.2007 Mary Joseph Connor  03.05.1967 F Simon Square 85
8 CLooooo7 GRO00O7 1 1 082000 Venuga JenshaTsh  06.02.1973 F Plaza Rueda §
9 CLo00008 GROD00CE 1 2032000 Peta Ann Sugar 10.09.196 F Airica street 91
10 C1000009 GRO0000Y il 2032000 Sybie Geoffrey Asset  08.08.1953 F Cale Guaddlupe 56
11 CLo0010 GRO00010 i 2032000 Nddie Juddh Jonas  13.02.1971 F Sunrise Bid 76
12 CLoo0o11 GRO0D01L 1 CE000001 3 29.08.2000 Matarera Juiius Pluto 212196 F Agora Hokel 45
13 CL000012 GRO000T2 il 29.08.2000 Eugenia Jabet Price 04121984 F: Cale Guadaquir 15
GRO0O03 1 09.042007 Louise Jackeing House  06.08.1970 F PlazaRueda §
GRO00014 i 12.042007 Sumny Joseph Rver 21031979 F Kinderplatz 158
GRO001S 3 23042007 Lorene Stanley Ocean  15.12.1974 F Cale Duero 324
GRO00L6 1 CE000001 2304200 Amre EphranWood  03.10.1972 F Simon Square 85
GROO0T7 i 2042000 Pamela Ibeahim Modis ~ 01.10.1979 F Royal Avenue 3
GRO00018 1 204200 Camen Samson Baser 28031970 F Airica street 91
GRO0001Y n 27.04.2007 Lucas Kipchir Jng 24091976 ] Cale Ebro 45
GROO0020 31 27,04 2007 Pauine BafasarMg 26041988 F Simon Squere 85
GRO00021 1 CE00o00t 4 14.06.2007 Phiip Perick Fort 05.07.1978 L} Sunrise Bid 76
GRO00022 1 1 16.06.2007 Peter Kam Ula 07.04.1986 L} Royal Avente 3
GRO0I3 1 16.05.2007 Jemnifer Abdi Vital 2509.19%5 F Simon Square 85
5 CLOOON GROD0024 il 17.06.2007 Pad AbertWings  03.03.1969 L} Agora Holel 45
2 CL00002S GRO0002S 3 2062000 Roderick Devesh Lopagen  02.08.1963 N Airica street 91
27 L0002 GRO0002S 1 CE000001 3 BHA007 Bruce DaidTagdo _15.02.19%7 ] Cale Guaddaira 3
28 CLo00027 GROO0027 i 31062000 Cark Nyeku Gaspar™~ 11.10.1977 L} Paza Rueda §
29 (L000028 GROO0028 1 04.06.2007 Veronica JamesFoor 212133 F Royal Avente 3
30 CLo00029 GRO000Y n 04.06.2007 Chrisine SeimaRier 0602198 F Simon Square 85
31 CLoo0a30 GROOD030 3 06.06.2007 Jason Kameda Timbl17.04.198¢ L] Ainea street 91
3 (1000031 GROOOO3L CEQOOO0T 4 (6.6 2007 \ena Winfred Abe 26041970 F Sunrse Bid 16
AN Clints /Gougs Lo ruts Soms Aoorts it of At B Gt Ofces _ Cotes oo Sesiedoss AN oo [




Addressing Language Differences

Different programming languages often have
unigue paradigms and structures that must be
accounted for.

It is essential to analyze language-specific
features such as memory management, error
handling, and concurrency.

Addressing these differences early on can
prevent issues during the actual conversion
process.



Testing and Validation Planning

Planning for testing and validation is integral to
the code conversion analysis procedure.

Wi

Ro:zd w | Do w | B0 “E]RQ-HS 10

| Credential Access - Thesystem Search Results - The system shal have Language Settings - The system mast
habwisiaiis 2 ¢ o e petsseiesauto § Role and Duty Access - The system
This involves outlining test cases that will verify ¢ e N shallallow administrators o grant access

the correctness of the converted code against acordingtorolesand duties, The

administrator defines the roles used in the

the original. LTI organizations and assigns users to those
Establishing a clear validation strategy helps in et 150 (16459
identifying discrepancies and ensuring quality

assurance. 200

Statlstical Baseline Forecast

Generaton- T




Documentation and Knowledge Transfer

Proper documentation of the analysis
procedure is vital for future reference and
team collaboration.

It includes documenting decisions made,
challenges encountered, and solutions
implemented during the conversion.

Knowledge transfer sessions can help share
insights and best practices among team
members.

Propér Dbciymentation Vital for Bite Wounds to Prevent Infection

According to thé Centers for Disease Control and Prevention (COC), around 1% of all
emergency healthcare visits are due to animal bites. It is also estimated that
between 5% and 60% of all bite wounds can be complicated by infection. In order to
prevent such Infections, adequate Initial evaluation
and appropriate management of bite wounds s
required. Accurate and comprehensive documentation
helps wound care physicians understand bite wounds
better and perform early wound. cleansing and
evaluation of injured structures to ensure proper
wound management. With wound-specific templates,
wound EMR facilitates efficient docurmentation.

Bite Wound Documentation

There are several risk factors that lead to a bigher
rate of infection of bite wounds -- age (below 2 and.
above 50), chronic alcohol consumption, use OF
Immunosuppressive drugs and so on. Wound care

nurses should gather the history, wound detalls and other complications of the
patient once they are admitted to keep a tab on these risk factors and provide

appropriate treatment as soon as possible. Bite wound documentation should indude :

www.woundemr.com H55-968-6394



Conclusion and Best Practices

In conclusion, a structured analysis procedure
is essential for successful code conversion
projects.

Adopting best practices, such as thorough
documentation and stakeholder involvement,
can enhance outcomes.

Continuous learning and adaptation will ensure
improved processes for future code conversion
efforts.
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Obtaining Truth-Table From Logic Diagram
NAND, NOR And Ex-OR Circuits



Introduction to Logic Diagrams

. . . . A A A+B
Logic diagrams are graphical representations of B AB 5 i
logical expressions. X (A.B)+C (A+B).C
C

. ) A and B high or C high A or B high and C high
They use various symbols to represent different will make the output high. will make the output high.
logic gates including NAND, NOR, and Ex-OR.

A A A A+ AE

Understanding how to derive truth tables from B A8 ®

: : : H e H : The long bar above the output means
these diagrams is essential in digital AloworBhigh iah that the butaut aoss 1ov wiher A or B

electronics. go high.
A
A (A.B}+(A.B) B

B j > (A.B)+(C.D)
c

D



Understanding NAND Gates

The NAND gate is a universal gate that outputs
false only when all inputs are true.

@ >

-

Its symbol consists of an AND gate followed by
a NOT operation.

The truth table for a NAND gate can be derived
by noting the output conditions for its inputs.

RrRrOO|D
R, ORO |
Or rFrr|O



Truth Table for NAND Gates

The truth table for a NAND gate has two inputs
(A and B) and one output (Y). A

NAND Jo— Q
The possible input combinations are (0,0), B o

(0,1), (1,0), and (1,1).

The corresponding outputs for these
combinationsare 1, 1, 1, and O, respectively.

== QOO0 |D>
R ORO|IT
Or rrIO



Understanding NOR Gates

The NOR gate is another universal gate that
outputs true only when all inputs are false.

Its symbol combines that of an OR gate
followed by a NOT operation.

Like NAND, the truth table for a NOR gate can
be easily derived from its input combinations.



Truth Table for NOR Gates

The truth table for a NOR gate also has two
inputs (A and B) and one output (Y). A

B Q
The combinations of inputs remain the same:

(0,0), (0,1), (1,0), and (1,1).

The outputs for these combinations are 1, 0, O,
and O, respectively.

RR=QOO|D
R ORO|T
oNeoNeN=NI0®



Understanding Ex-OR Gates

The Ex-OR (Exclusive OR) gate outputs true
when the number of true inputs is odd.

Its symbol is distinct, often resembling an OR
gate with an additional curved line.

The truth table for an Ex-OR gate can also be
derived from analyzing its unique output
behavior.



Truth Table for Ex-OR Gates

The truth table for an Ex-OR gate has two NOR GATE
inputs (A and B) and one output (Y). TRUTH TABLE

INPUT OUTPUT
The input combinations remain the same as

previous gates: (0,0), (0,1), (1,0), and (1,1). C A B ANORB
The outputs for these combinationsare 0, 1, 1, C =m 00 1
and O, respectively. 0 1 0

1 (4 0

ProjectloT123.com



Deriving Truth Tables from Logic Diagrams

To derive a truth table from a logic diagram,
start by identifying the gates and their
connections.

List all possible combinations of inputs for the
circuit being analyzed.

Calculate the output for each combination
step-by-step according to the gates' functions.




Example Circuit Analysis

Consider a circuit with a NAND gate followed
by an Ex-OR gate.

Begin with the input combinations and
evaluate the output of the NAND gate first.

Use the output from the NAND gate as an input
to the Ex-OR gate to complete the truth table.




Conclusion and Applications

Understanding truth tables is crucial for
designing and analyzing digital circuits.

Logic gates like NAND, NOR, and Ex-OR are
fundamental building blocks in electronics.

Mastery of truth tables enhances problem-

solving skills in digital logic design and analysis.

Rlagic circuit has 4 inguls, ench of which can have avalue of eler Oor 1.
How mar, cows would you have to add to a truth table 1 order o show al

of Hh difeten, possble conbinations of these inputs?

'4mptﬂs
- each has Zpass}ble
vilues

II)MS . '

Tt (| “inuls are wdependent

n mputs with Zpossible values
X Zx2x2 / P P

2 <[l

/Hngu * combwiations =
2 combinations



UNIT 5: COMBINATION AL
LOGIC WITH MSI & LSI



Ntroduction To MSI And LSI & Binary Adder
Decimal Adder



Introduction to MSI and LSI

MSI stands for Medium Scale Integration,
which integrates hundreds of transistors on a
single chip.

LS| stands for Large Scale Integration, which
integrates thousands of transistors on a single
chip.

Both technologies have revolutionized the
design and efficiency of digital circuits and
systems.
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Importance of MSI and LSI

They allow for complex circuits to be
miniaturized, saving space and reducing costs.

These technologies enable the production of
reliable components with high performance.

MSI and LS| are fundamental in the
development of modern computing devices
and systems.




Overview of Binary Adders

A binary adder is a digital circuit that performs
the addition of binary numbers.

The most basic type is the half adder, which
adds two single-bit binary numbers.

Full adders can be combined to create adders
for larger binary numbers.

By B, B; By Az Ay Ay Ay

'

bt

G
Ciort 4-bit Binary Adder P -,

S3 S; S 8§
B

Output

Carry b

0
Y Y ¥ Y VY V¥
C ] 4-bit Binary Adder
out =
( Ignored ) 1— a0

Ll

$3S,51S,

Fig. 3.32 Block diagram of BCD adder



Half Adder Design

A half adder has two inputs and produces two
outputs: the sum and the carry.

The sum output represents the result of the
addition without carry, while the carry output
indicates overflow.

The logic gates used in a half adder are an XOR
gate for the sum and an AND gate for the carry.



Full Adder Design

A full adder combines two input bits and a
carry-in bit to produce a sum and a carry-out.

It consists of two half adders and an OR gate to
manage the carry outputs.

Full adders enable the addition of multi-bit
binary numbers by chaining them together.



Applications of Binary Adders

rage 1 or >

B Loghc Linis Cor ALANE) Sre SOt St s core of ® o) A s o)
T - = e p B} pea
B ctone offared by the processor S gdmion
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Binary adders are used in arithmetic logic units
(ALUs) within CPUs for calculations. e P e e
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Overview of Decimal Adders

1. For adding 4 bit numbers we need _ full adders connected in parallel. The
largest decimal number which this adder can add is =

2. A full adder consists of (Choose the correct option)

A decimal adder is designed to add decimal
numbers and is often used in digital devices. SN T oo heif adders and cac OR ot

<) Two half adders and one AND gate
d) Two NAND gates

It differs from binary adders by dealing with B vt
d) underflow bit

base- 10 n u m be rSI Wh i Ch inCI u d e d igits 0-9 * 4. Which Boolean expression describes the sum bit of a full adder?

a) Ai XOR Bi XOR C;
b) AiBi+AGC+ BIG:

5. Which binary addition below has an error?

Decimal adders ensure that the results stay Ans: _

a) o1 1 << carries
within the realm of decimal digits by managing L - e
carry operations. torreo ==X
©J ll (") (I) 1 :—-: :ilz:'sr:iri;jn*lbcr
+ 1111 <-- second number
o5 e
<) o1 0 <-- carries
631 o e

1100 <-- result



Design of Decimal Adders

Decimal adders can be built using multiple
binary adders while incorporating correction
for decimal values.

They often use a series of binary adders
followed by a correction mechanism to adjust
for carry values.

The design complexity increases with the need
to manage the range of decimal values.

Full Adder - Circuit

A B Cin

Sum=A®Ba@C,

C,=AB+BC_+AC,

) >—

v

Sum

Cout



Applications of Decimal Adders

Decimal adders are commonly used in
calculators to perform arithmetic operations
accurately.

They are essential in financial and business
applications where decimal arithmetic is
crucial.

Decimal adders are also used in various
electronic devices that require human-readable
outputs.

# Python Program to Perform Arithmetic Operations
numl. = floatCinput(" Please Enter the First Value Number 1:
numZ-= float(input(" Please Enter the Second Value Number 2:

"2
"2

# Add Two Numbers

add = numl + num2

# Subtracting num2 from numl
sub = numl - num2

# Multiply numl with num2
multi = numl * num2

# Divide numl by num2

div = numl / num2

# Modulus of numl and numz2
mod = numl % num2

# Exponent of numl and num2
expo = numl ** num2

print("The Sum of {0} and {1} =
print("The Subtraction of {@} from {1} = {2}".formatCnumZ2, numl, sub))
print("The Multiplication of {@} and {1} = {23}".formatCnuml, num2, multid)
print(”"The Division of {@} and {1} = {23}".format(numl, numzZ, diwv))D
print("The Modulus of {@} and {1} = {2}".formatCnuml, num2, mod))
print("The Exponent Value of {0} and {1} = {23}".formatCnuml, num2,
L J L2 Python 3.7.0 Shell

Python 3.7.@ (v3.7.0:1bf9cc5@93, Jun 26 2018, 23:26:24)

[Clang 6.@ C(clang-6@@.@.57)] on darwin
Type "copyright"”, "credits" or "license("
>>>

{23 " . formatCnuml, numz2, add))

expod)

for more information.

RESTART: /Users/suresh/Documents/ArithmeticOperations.py
Please Enter the First Value Number 1: 1@
Please Enter the Second Value Number 2: 3
The Sum of 10.© and 3.0 = 13.0
The Subtraction of 3.@ from 10.0 = 7.0
The Multiplication of 10.@ and 3.0 = 30.0
The Division of 10.@ and 3.0 = 3.3333333333333335
The Modulus of 1©0.© and 3.0 = 1.@
The Fxponent Value of 10.® and 3.0 = 1000.0



Conclusion and Future Trends

MSI and LSI technologies have significantly
advanced digital circuit design and efficiency.

The development of adders continues to
evolve with the need for faster and more
efficient computational methods.

Future trends may include the integration of
guantum computing principles to enhance
addition operations.




BCD Adder B Magnitude Comparator B Decoders
And Encoders



Introduction to BCD Adder, Magnitude Comparator, Decoders
and Encoders

This presentation will cover key digital
components in computer systems.

We will explore the functionality and

applications of BCD adders, magnitude
comparators, decoders, and encoders.

Understanding these components is essential
for designing efficient digital circuits.



What is a BCD Adder?

A BCD adder is a digital circuit that performs
addition on Binary-Coded Decimal numbers.

It corrects any invalid BCD results by adding a
fixed value when the sum exceeds 9.

This ensures that the output remains a valid
BCD representation after each addition
operation.

An adder circuit performs arithmetic addition using binary numbers. You are to design a 2-
bit adder (adds two 2-bit numbers). Complete the truth table below to characterize the
behavior of the circuit. Generate maximally simplified SOP and POS expressions for each
of the three outputs (Carry, Sum1 and Sum0).

Example: if B=01 and A = 11 then B plus A = 100

B1 BO A1l A0 Carry | Sum1 | Sum0
0 0 0 0 0 0 0
0 0 0 1

0 0 1 0

0 0 1 1

0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1 1 0 0
1 0 0 0

1 0 0 1

1 0 1 0

1 0 1 1

1 1 0 0

1 1 0 1

1 1 1 0

1 1 1 1




Functionality of BCD Adder

The BCD adder‘ Consists of a standard bina ry 1. Using only logic gates, design a 2-bit full adder with carry. Here is a partial truth table for the circuit.
adder and additional logic gates. INPUTS OUTPUTS
A0 Al BO B1 Ci SO S1 Co
It generates a carry output when the result 0 0 0 0 0 0 0 0
exceeds the maximum value of 9 in BCD. : 0 0 0 0 : 0 0
0 1 0 0 0 0 1 0
1 0 I 0 0 0 1 0
The correction logic adds 6 (0110) to the binary [0 1 0 1 0 0 0 1
sum whenever a carry is generated. 0 1 0 0 1 1 1 0
1 0 1 0 1 1 1 0
1 1 1 1 I 1 1 1

Where Aand B are inputs, Ciis carry in, Siis output and Co is carry out.

Draw a schematic showing the gate interconnections. Include either a boolean equation oran explanation of your design
that matches the schematic you submit.



Applications of BCD Adder

BCD adders are commonly used in calculators
and digital clocks for decimal arithmetic.

They facilitate simple and accurate decimal
computations, crucial for user interfaces.

BCD adders also find use in financial
applications where precise decimal
representation is required.

Carry

BCD Adder - Design 2

BCD Addend

i

BCD Augend

]

BCD Adder

1]

BCD Sum

Carry

Addend Augend

Carry



What is a Magnitude Comparator?

A magnitude comparator is a digital circuit that

compares two binary numbers.

It determines whether one number is greater

than, less than, or equal to another.

The output typically consists of three signals
indicating the comparison result.

A magnitude COMPArator compares two binary
pumbers and determines if one number &
Graaterthan, Woss than, of equad 1o the ather
rumben, If two Bindey numbers ane Consideced as A
and Bthe magnitude comparator gives three
oUtpUB IR A B A<B and A= B Design a cirgut
20 realize ths Tunction for two 4-bit Binary
numbers throughthe following steps.

2 Conatruct truth table
B} Derive and sinplty Bociean fundlions
¢) Draw the gate expression

please show clear steps



Functionality of Magnitude Comparator

. . P P Q, Q
Magnitude comparators use logic gates to : s >

evaluate the bits of the two numbers. ?7 ?7 ?7 ?7

4“
—

They output signals for less than (A < B), equal [DH—
to (A = B), and greater than (A > B). —
= =

8)
Comparators can handle binary inputs of ﬁg__r—\j:f ot

different lengths by zero-padding the shorter R

input. T)H)—— >—P<Q

Logic Circuit of 2-bit Magnitude
Comparator



Applications of Magnitude Comparator

Magnitude comparators are essential in digital e - LS8 i
circuits for decision-making processes. e wodh A
b Input B
. . . AT AB A5 Ad B7 86 BS B4 A3 A2 AT AD B3 B2 B1 B0
They are used in sorting algorithms and data |
routing systems to optimize performance.
Comparators are also relevant in arithmetic
. . . . I(As AsB (AsB)
logic units (ALUs) for comparison operations. vt
IC7485(2) I(A=B) A8 IC7485(1 I(AuB ‘
A Ad KA<)

©Elprocus.com



What are Decoders?

A decoder is a combinational circuit that TASK #3
. . . . . Task #3 - Building a 3 x 8 Decoder
conve rts b| na ry N p ut S g Nna IS | nto a uni q ue A decoder is a combinational circuit that converts binary information from n input lines to a maximum of 27
output lines. For instance, a 2 x 4 decoder has 2 inputs and 4 outputs. Decoders also have an enable
. input. Build a 3 x 8 decoder with an enable that is asserted (or active) high and outputs that are asserted
O Ut p Ut S | g n a | . (or active) high. Data inputs are to be C, B, A where C is the MSB. Enable is to be EN. The outputs are to

be Y7, Y6, Y5, Y4, Y3, Y2, Y1, and YO.

Build this circuit. Test this circuit. You may use the Combinational Analysis tools in Logisim to help you on

It typically has 2n inputs and n outputs, where ™ e "0 SIS
n is the number of bits in the input. - CBAEN = 1000 of the ruth fable as a est case
3 X8 DECODER
The active output corresponds to the binary e of
value represented by the input signals. 1 ESE
 §”

Prepare the device symbol called 3x8DECODER. In your lab report include:
e C.B AEN=0101 of the truth table as a test case
* An explanation of how decoders work or function
¢ Include all detailed design to support your circuit (schematics, truth tables, k-maps, equations,

efc).



Functionality and Types of Decoders

Decoders can be classified into binary
decoders, BCD decoders, and 3-to-8 line
decoders.

They use AND, OR, and NOT gates to produce
outputs based on input combinations.

A common application is in memory address
decoding, where a specific address activates
corresponding memory chips.

d; d; dg
% _“7 3-to-8 Binary
? N Decoder
$—D
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I | \
. L/
¢4 D
® ® {)
tite D
* 3 1)

N R O
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o
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What are Encoders?

An encoder is a combinational circuit that
converts multiple input signals into a smaller
number of output signals.

It effectively performs the reverse function of a
decoder, representing inputs in binary format.

Encoders are often used in applications like
keyboards and data compression systems for
efficient data handling.




Multiplexers 2 Types Of ROM [ Programmable
Logic Array (PLA)



Introduction to Multiplexers

A multiplexer, or MUX, is a device that selects
one of many input signals and forwards the What is Multiplexer....?
selected input to a single output line.

* A multiplexer (or mux) is a device that selects
By using control signals, multiplexers can one of several analog or digital input signals
effectively manage multiple data lines, and forwards the selected input into a single

enhancing circuit efficiency. line.
* A multiplexer of 2" inputs has n select lines,

Multiplexers are widely used in communication which are used to select which input line to

systems, data routing, and complex digital send to the output.
circuits. * Itis also called a data selector,



Functionality of Multiplexers

The basic function of a multiplexer is to reduce
the number of data lines needed for
transmission.

It operates by using control lines that
determine which input to connect to the
output.

A common example is the 2-to-1 multiplexer,
which has two inputs, one output, and one
control line.



Types of Multiplexers

Multiplexers can vary in size, including 2-to-1,
4-to-1, 8-to-1, and more complex
configurations.

They can also be categorized based on their
applications, such as analog multiplexers and
digital multiplexers.

Each type serves specific purposes in
simplifying circuit design and enhancing
functionality.

Amnalog Switch Multiplexers Market Provides a
Comprehensive Analysis Including a Macro
Overview of the Market as well as Micro Details
such as Market Size and Competitive Landscape

Anx

og Switch Multiplexers Market Analysis and Latest ‘Trends

Analog Switch Multiplexe
hannels. These de

e devices used to swi tiple analog signals to a single or multiple
-es are commonly used ions such as data acquisition systems,
sy test and mea and audio/video equipment. The Analog
Switch Multiplexers Maiket is expected to grow at a CAGR of 3.80% during the forecast period.

The growth of the Analog Switch Multiplexers Market can be
& de sing ad n of Analog Switch

ers in automotive electronics, co C cs, and telecommunications is also driving
growth. Additionally, advancements in technology and the development of new applications are
expected to fuel the growth of the Analog Switch Multiplexers Market in the coming years.

tributed to the increasing demand for

Some of the latest trends in the Analog Switch Multiplexers Mark clude the integration of advanc
features such as low on-resistance, low power consumptic ad b bandwidth. Manufacturers are
focusing on developing compact and cost-effective Analog Switch Mulllpl(-xov to cater to the
demand from end-users. Furthermore, the increasing use of Analog Switch Multiplexers in IoT devices

and automation systems is expected to create lucrative opportunities for market players in the near future.

Getas le PDF of the Rey : hups:/wwsv.reportprime.com/enquiry/request-sample/1424

Analog Switch Multiplexers Major Market Players

The analog switch multiplexers market is highly competitive with key players such as Maxim Integrated,
Diodes Inc, Texas Instruments, Renesas Electronics, Amphenol, ON Semiconductor, Nexp
STMicroelectronics, Broadcom, ¢ srporation, Microchip, Moles
NXP, Pulse ctronics, Quectel Wi 15, Rochester Electronics, RO
competing for raariker sha

, MPS,
1d Vishay

Among these players, Maxim Integrated is a leading provider of analog switch n\ulupluxcr\ he
company has a strong market presence and offers a wide range of analog switch multiplexers for various
applications. Maxim Integrated has been focusing on expanding its pu)(lu( t portfolio and entiand ing its
technolog capal s to mee e evolving needs of customers

Another ke
multiplexers.
of industries. Texas Inst
stay ahead of the competition.

the market is Texas Instruments, which
a strong market pc
has been investing

is kinown for its high-quality analog switch
ition and a global presence, catering to a diverse range
n research and development to drive innovation and




Introduction to ROM

Read-Only Memory (ROM) is a type of non- B~ y 2 A Wt
volatile memory that is used to store firmware v
or software that is rarely changed.

Unlike RAM, ROM retains its contents even
when the power is turned off, making it
essential for boot processes.

ROM is crucial in embedded systems, where
reliable and permanent data storage is
required.

Wats, 7 arn)
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| Read Only mory



Types of ROM

There are several types of ROM, including
PROM (Programmable ROM), EPROM (Erasable
Programmable ROM), and EEPROM (Electrically
Erasable Programmable ROM).

PROM can be programmed only once after
manufacturing, while EPROM can be erased
and reprogrammed using UV light.

EEPROM allows data to be erased and
rewritten electrically, making it versatile for
modern applications.




Characteristics of ROM

ROM is characterized by its non-volatility,
meaning it does not lose data when power is
lost.

It has a slower read speed compared to RAM
but is generally more reliable for permanent
storage.

ROM is often used to store system firmware,
including the BIOS in computers, ensuring that
critical instructions are always available.



Introduction to PLA

A Programmable Logic Array (PLA) is a type of
digital device used to implement combinational Programmable logic array example
logic circuits.

Multiple functions of A, B, C full decoder as for memory address
Fl=ABC ABC / bits stored in memory
PLAs consist of a programmable AND gate F2=A+B+C ot /
F3=ABC S ABC
array followed by a programmable OR gate F4 = A +B 4 C B ABC
HH H 1 H H F5 = Axor BxorC [ ABC
array, facilitating flexible logic design. e Y i, e
L/
ABC|FIF2F3F4 FS F6 D AB'C
They are used in applications where specific 00000 1100 B AB'C
. ) ) . 001010111 o ,
logic functions need to be tailored or modified. 010010111 L ABC
ABC
100010111 L/
101[01 0100 U
11001 0100
111110011 F1 F2 F3 F4

mm
U

CSE 370 - Spring 1998 - Combinational Implementation - 45



Structure of PLA

The structure of a PLA includes two main parts:

the AND plane and the OR plane, allowing for Internal Structure of a PLA
comprehensive logic design.

Inputs

A B c
Programmable connections in both planes VA1 OR ARRAY
enable designers to create custom logic W e
. . 3 : .o ' ~ AL
functions based on requirements. H 1
+ [ B
|
. - . 4 e 1 I
This programmability makes PLAs versatile for 7
various logical operations and optimization. —H % iy L \ -I.'
AND ARRAY ) ‘»T.' T L"T
& F F B
4k s
L s ] CMPUT 329 - Computer Organization and Architectufe |



Advantages of PLA

PLAs provide high flexibility, allowing designers
to implement complex logic functions without
the need for extensive hardware changes.

They can be reprogrammed, making them
suitable for prototyping and iterative design
processes.

The compact design of PLAs helps reduce the
overall circuit size while maintaining
functionality.



Conclusion

Multiplexers, ROM, and PLAs are fundamental
components in digital electronics, each serving
distinct purposes.

Understanding these components is essential
for designing efficient and effective digital
systems.

Continuous advancements in these
technologies are shaping the future of
electronic design and functionality.
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UNIT 6: SEQUENTIAL
LOGIC



Introduction To Sequence [ Flip-Flops B Point



Introduction to Sequences

Sequences are ordered lists of numbers or
elements that follow a specific pattern.

They are fundamental in mathematics and
computer science for defining relationships and
processes.

Understanding sequences is essential for
working with algorithms and programming
languages.



Types of Sequences

Sequences can be classified into arithmetic,
geometric, and Fibonacci sequences, among
others.

Each type of sequence has its unique
properties and formulas for determining its
terms.

Identifying the type of sequence is crucial for
solving mathematical problems effectively.

ARITHMETIC & GEOIVIETRIC

SEQUENCES CROSSWORD
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The Concept of Flip-Flops

Flip-flops are basic building blocks in digital
electronics used for storing binary data.

They function as bistable devices, meaning
they can exist in one of two stable states.

Flip-flops are essential for implementing
memory elements and sequential circuits.
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Types of Flip-Flops

The most common types of flip-flops include
SR, JK, D, and T flip-flops.

Each type has distinct characteristics and is
used for specific applications in digital circuits.

Understanding the operation of each flip-flop
type is vital for designing effective digital
systems.



Timing Diagrams for Flip-Flops

Tlmlng diagra ms visually represent the 5.4 Timing Diagrams for Latch and Flip-Flops
behaVior of fl i p-ﬂops over ti me EG-1: Draw the output waveform of a I} latch given the following Clk and D inputs:

ey | | 1 /N S
They illustrate the relationship between input D AL f e

signals and the resulting output states. 0

Q

Analyzing these diagrams helps in
understanding how flip-flops respond to clock
signals.

EG-2: Draw the output waveform of a [) latch given the following Clk and D) inputs:

cik \ | | \ f
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The Role of Clock Signals

Clock signals are crucial for synchronizing the

operation of flip-flops in sequential circuits. C‘Ock

They dictate when the state of a flip-flop
should change based on input conditions.

Proper clocking ensures reliable operation and E ‘
timing in digital systems. na e

Qutpu



Introduction to Points

In mathematics and computer graphics, a point
is a precise location in space.

Points have no dimensions, meaning they have
no length, width, or height.

They are often represented by coordinates in a
Cartesian coordinate system.




Points in Geometry

Points serve as the foundation for geometric
concepts, forming lines, angles, and shapes.

They help define relationships and properties
within geometric figures.

Understanding points is essential for higher-
level geometry and spatial reasoning.

Jcomctric ConCCrts

Draw aray.
what's the difference

petrween aray and aline?

Jeometric concerts

Is The onge acute, obtuse,
right, or straignt?

Jeometric concerts

Identify The lines as paralel,
perpendicular, or infersecting.

9COMCLIIC CONCEPLS
Count The number of acute,
obtuse, and right angles inside
The polygon.




Points in Computer Science

In computer science, points can represent data
structures and memory addresses.

They are used in algorithms to denote specific
locations or values within a dataset.

Efficient manipulation of points is crucial for
optimizing performance in programming.
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Conclusion and Applications

Sequences, flip-flops, and points are
interconnected concepts that are fundamental
in various fields.

Mastery of these topics enhances problem-
solving skills in mathematics and engineering.

Their applications range from digital circuit
design to data analysis in computer
programming.



Edge-Triggered Flip-Flop B Analysis Of Clocked
Sequential Circuits



Introduction to Edge-Triggered Flip-Flops

Edge-triggered flip-flops are vital components
in digital circuits, primarily used for storing g Q
binary data. s —

They change their output state only on a
specific edge of the clock signal, either rising or G >
falling. —0

This feature allows for synchronized data R
sampling and improves the reliability of —_
sequential circuits.
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Types of Edge-Triggered Flip-Flops

The most common types are D (Data), JK, and T
(Toggle) flip-flops.

Each type serves a unique purpose, with the D
flip-flop primarily used for data storage.

JK flip-flops can toggle states and are useful in
counters and complex memory applications.

T

LK —
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Operation of D Flip-Flop

The D flip-flop captures the value of the D input Designa dual-edge D flip-flop (i.e., it captures the input signal at both rising and
at the moment of the clock's active edge. falling clock edges).

Its output (Q) reflects the D input value until
the next clock edge, ensuring stable state
retention.

Specification

Data input: D
¢ Clock mput: CK
This functionality is crucial in constructing ¢ Output: Q

registers and memory cells in digital systems. o Tthas a synchronous acivehig g RRLS).

o [thas a synchronous active-low reset mput (R).
¢ S dominates R, i.e., if S=1, Q=1. If S=0 and R=0, Q=0. If S=0 and R=1, 1t
1s just a dual-edge D-F/F.



Timing Characteristics

3) (10 points) For the following edge-triggered D flip-flops show the timing diagram

Edge-triggered flip-flops have specific timing
parameters like setup time, hold time, and
clock-to-output delay.

a. Assume it is a positive-edge- triggered D flip-flop
b. Assuming it is a negative-edge-triggered D flip-flop

D Q D Q

Setup time is the minimum interval before the _ _

. oc Q Clock Q
clock edge that the input must be stable. B S
Hold time is the duration after the clock edge
that the input must remain stable to ensure [ |

i o T L gAY gl |

correct operation. | :

apP

QanN




Analysis of Clocked Sequential Circuits

Clocked sequential circuits are composed of
flip-flops and combinational logic that process First Example
input signals over time.

The analysis involves understanding state
transitions based on input signals and clock
cycles.

These circuits can be designed for various
applications, including counters, registers, and
state machines.

2004/05/24 Analysis of Clocked Sequential Circuits




State Diagrams and State Tables

State diagrams visually represent the possible
states of a sequential circuit and the transitions ECE 448

between them. Lecture 8

State tables provide a structured way to
summarize the outputs and next states for
each current state and input combination.

Finite State Machines

State Diagrams,

Both tools aid in designing and debugging State Tables,

sequential circuits by clarifying their operation.  Algorithmic State Machine (ASM) Charts,
and VHDL code

ECE 448 — FPGA and ASIC Design with VHDL Gieorge Mason University



Timing Diagrams

Timing diagrams illustrate the relationship
between the clock signal and the outputs of
the flip-flops.

They are crucial for visualizing how data is

captured and propagated through the circuit
over time.

By analyzing these diagrams, designers can
ensure that the circuit meets timing constraints
for reliable operation.

Timing Diagrams
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Design Considerations

sl - Design Procedure for
setup/hold times. Clocked Sequential Circvits

Proper timing analysis can prevent issues such
as race conditions and glitches.

Stepl: A State diagram Or timifig diagram

. . . Step 3 The
Designers often use simulation software to P i,
Verlfy the funCtlonality and tlming Of thEIr Step5: Determine the number of flip-flops required and-assign legter symbols

circuits before implementation. Step 6 Decide the type of flip-flop o be used

167 /bigital Electronics




Applications of Edge-Triggered Flip-Flops

Edge-triggered flip-flops are widely used in
memory devices, where they store bits of g Q
information. X —

They are critical in creating registers, counters,
and state machines in digital electronics. G >

Their ability to synchronize data flow makes
them indispensable in complex digital systems. R
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Conclusion

Understanding edge-triggered flip-flops and

>) Analysis of Clocked Sequential Circuits

clocked sequential circuits is fundamental in
digital design. *T Flip-Flops
Example:
Their precise timing and state management

capabilities enable the construction of reliable

electronic systems.

P —

A

T Q

b . 0

Continuous advancements in technology

further enhance their applications in modern

digital devices.

——h—i—accﬁﬂ‘
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Eastern Mediterranean University
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UNIT 7: REGISTERS,
COUNTERS AND MEMORY
UNITS



Registers B Ripple Counters [ Binary Ripple
Counters



Introduction to Registers

Registers are small storage locations within a
CPU that hold data temporarily.

They are crucial for the execution of
instructions and help manage the flow of data
within a computer.

Registers differ in size and functionality, with
some designed for specific operations like
arithmetic or control tasks.

Data Bus
Memory Unit '
Control Unit | Address Bus
ProgramCounter (PC) [T~ t (CU) e i
Instruction Register (IR) =7 ‘ ‘
Memory Address Register (€7 Arithmetic

1 And Logic Unit

AccumulatorRegister [T (AW )



Types of Registers

There are several types of registers, including
general-purpose and special-purpose registers. T .

ypes of Registers
General-purpose registers can be used for
various operations, while special-purpose
registers serve specific functions.

J Types of Registers
Examples of special-purpose registers include L) ‘ | '3
the Program Counter (PC) and the Stack Pointer
(SP).

www.educba.com




Introduction to Counters

Counters are sequential circuits that count
pulses and can represent a series of binary
states.

They are widely used in digital circuits for
counting events, clock cycles, and frequency
division.

Counters can be categorized into synchronous
and asynchronous types based on their
triggering mechanism.

Wl ddddad (0000000
Wl 00040000
A0 00nu00 400
A DA 0u0004040



Ripple Counters Overview

A ripple counter is an asynchronous counter
where the flip-flop output serves as a clock for
the next flip-flop.

The term "ripple" refers to the way the trigger
signal propagates through the flip-flops.

Ripple counters are simpler in design but can
introduce propagation delays due to the
sequential triggering.

Asynchronous/Ripple Counter



Ripple Counter Operation

In a ripple counter, the first flip-flop toggles
with each clock pulse.

Each subsequent flip-flop toggles based on the
output of the previous flip-flop.

This cascading effect can lead to timing issues,
particularly in high-speed applications.




Binary Ripple Counters

A binary ripple counter is a specific type of
ripple counter that counts in binary sequence.

It typically consists of a series of flip-flops, with
each flip-flop representing a bit of the binary
number.

For example, a 3-bit binary ripple counter can
count from 0 to 7 in binary format (000 to
111).

n-bit binary ripple counter

In a ripple counter, the carry information

ripples from the less significant to the CLK ——T

more significant bits.

Assume that the propagation delay from
T to Q in the flip-flops on the right is 10ns.

How long do we have to wait after a clock
input to read the value of the counter?

Is the waiting time dependent on the modulus
of the counter?

: CMPUT 328 — Compute

©
Organization and Architectu,

Digital
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Advantages of Binary Ripple Counters

Binary ripple counters are easy to design and
require fewer components compared to
synchronous counters.

They are cost-effective for applications where
high-speed operation is not critical.

Ripple counters can be implemented using
various types of flip-flops, such as T or JK flip-
flops.

J
YIS
Clock
K
(a)Three-bit binary ripple counter
Time b c d e f g h i j

I
Clock _J-l_rm_rt_n_rl_rl_rl_ﬂ_rl_

m
. I

(b)Waveforms

Fig 8.1



Limitations of Binary Ripple Counters

The primary limitation of binary ripple counters
is the propagation delay, which can limit
counting speed.

As the number of bits increases, the cumulative
delay becomes significant, affecting
performance.

Additionally, ripple counters are less reliable in
high-frequency applications due to timing
uncertainties.

n-bit binary ripple counter

In a ripple counter, the carry information

ripples from the less significant to the CLK ——T

more significant bits.

Assume that the propagation delay from
T to Q in the flip-flops on the right is 10ns.

How long do we have to wait after a clock
input to read the value of the counter?

Is the waiting time dependent on the modulus
of the counter?
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Applications of Binary Ripple Counters

Binary ripple counters are commonly used in
digital clocks, frequency dividers, and event
counters.

They are also found in applications requiring
simple counting mechanisms without precise
timing.

Despite their limitations, they remain popular
in educational settings for teaching digital
electronics concepts.

V.. (1)

CLK

CLR

I




Conclusion

Registers and ripple counters play essential
roles in digital circuits and computer
architecture.

Understanding binary ripple counters provides
insights into asynchronous counting
mechanisms and their applications.

As technology advances, the relevance of these
components continues, influencing design
strategies in modern electronics.

V.. (1)
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Synchronous Counters B Timing Sequences



Introduction to Synchronous Counters

Synchronous counters are digital devices that
count in a specific sequence based on clock
pulses.

They utilize flip-flops that are triggered
simultaneously by the same clock signal.

This coordinated timing allows for more
accurate and predictable counting behavior
compared to asynchronous counters.




Basics of Synchronous Counting

A synchronous counter changes its state
simultaneously with each clock pulse.

The output of each flip-flop is connected to the
clock input of the next flip-flop.

This setup minimizes propagation delay,
improving overall speed and performance.




Types of Synchronous Counters

Common types include binary counters,
decade counters, and up/down counters.

Binary counters count in binary format, while
decade counters count from 0 to 9.

Up/down counters can count in both increasing
and decreasing order based on control signals.




Timing Sequences in Synchronous Counters

Timing sequences dictate how and when the
counter increments its value.

Clk
The clock signal triggers transitions in the flip-
flops, which define the counting sequence. Qa
Proper timing ensures that outputs reflect 0
accurate counts in real-time applications. B
Qc

TR P P R e [
Timing Diagram of 3-bit Synchronous Counter



Flip-Flop Operation

Flip-flops are the building blocks of
synchronous counters, storing a single bit of
data.

Each flip-flop changes state based on the clock
signal and the input from the preceding flip-
flop.

Understanding flip-flop behavior is crucial for
designing effective synchronous counters.




Advantages of Synchronous Counters

Synchronous counters have faster operation
due to simultaneous state changes.

They are less susceptible to glitches because all
flip-flops are triggered by the same clock pulse.

Their predictable timing sequences make them
ideal for complex digital systems.

Asynchronous/Ripple Counter



Design Considerations

When designing synchronous counters, the
number of states and flip-flops must be
considered.

Propagation delay and setup/hold times of flip-
flops must be optimized for reliable operation.

Power consumption and speed trade-offs
should also be addressed during the design
process.
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Applications of Synchronous Counters

Synchronous counters are widely used in digital
clocks, frequency dividers, and digital systems.

They serve as essential components in
microcontrollers and digital signal processing
devices.

Their versatility allows them to be
implemented in various fields, including
telecommunications and automation.




Common Issues and Troubleshooting

Timing issues can arise if flip-flops do not
operate within their specified parameters.

Glitches may occur if the clock signal is not
stable or if setup and hold times are violated.

Proper testing and validation techniques are
essential to ensure the reliability of
synchronous counters.



Conclusion

Synchronous counters provide a reliable
method for counting in digital electronics.

Their timing sequences and operation
principles are critical for designing efficient

systemes.

Understanding their functionality and

applications can enhance the design of modern

digital circuits.
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Johnson Counter @ Memory Unit (RAM)



Introduction to Johnson Counter

The Johnson Counter, also known as the 1. Aswteh{a counter (also called twisted mng counter, Johnson counte) uses
Twisted Ring Counter, is a type of digital T R
counter. thecomplement fthe seial outputofa ight it rgiter s sl inut,
it is a modified version of the ring counter that (4 artnglroman imifalate o 000, st thesequence ofltes aftr each
uses feedback to create a unique counting sl unt the regster eturms o 000

sequence.

() Beginningn state 0., howmany states arethre Inthe count sequence
Johnson Counters are widely used in digital ittt comnter
circuits for their simplicity and efficiency in O A A-DIWIIlt LOUNGL
counting applications. ) Designa deoderto e diven by the coute ht produces  one-hot ode

output for each of the states Make use of the don Tcate states i vour desion,



Johnson Counter Operation

The Johnson Counter operates by shifting bits
in a sequence that generates a specific pattern.

It utilizes flip-flops connected in a ring, with the
output of the last flip-flop fed back to the input
of the first.

Each clock pulse results in a change in the state
of the flip-flops, producing a predictable output
sequence.




Characteristics of Johnson Counter

A Johnson Counter has a state sequence that is
double the number of flip-flops used.

Ring Counter

es in Ring <
So, for designing 4 4-bit Ring counter we need 4 flip-flops

IV S P — P—

. S |y vl N I

| |
Rina Caunser

No. of Alip-flop used

For example, a 3-bit Johnson Counter will have
6 unique states.

This characteristic makes it useful for
applications requiring more states without

(CL.K) is applied to all the flip-flops simultaneously. Therefore, it
ding input (ORD for each Aip-flop. Preset (PR) and Clear
tis 1. And when CLR is O, then the output is O. Both PR and

These two values are always Fix n the value of input D and the Clock pulse (CLK).
. . . . .o Working —
increasing the number of flip-flops significantly. SHrN
 PRaseTeD L - e 0 ¥
R :
‘o o o W, 1
g = T <= ST NI
e ' C = N i !
= -
ity = ELS = I—y I 1
Initially a Jow clear (CLR)Y pulse is applied to all flip flops. Hence FF-3, FF-2, FF-1 will be reset but
FF-0 will be set. So oulpuls are:




Applications of Johnson Counter

Johnson Counters are commonly used in digital
clocks, frequency dividers, and LED chasers.

They are ideal for applications requiring a
simple and reliable counting mechanism.

Additionally, they can be found in shift
registers and digital signal processing systems.
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Introduction to Memory Unit (RAM)

RAM, or Random Access Memory, is a type of
volatile memory used in computers and
devices.

It allows data to be read and written in any
order, making it essential for system
performance.

RAM temporarily stores data that the CPU
needs while executing tasks and running
applications.

dreamstime.com D 168835738 © Dubovdaniilyu



Types of RAM

There are primarily two types of RAM: Static
RAM (SRAM) and Dynamic RAM (DRAM).

SRAM is faster and more reliable but is also
more expensive and consumes more powetr.

In contrast, DRAM is slower, less expensive,
and requires periodic refreshing to maintain
data.

DRAM

SRAM

| |
l DDR \ l \ l \ l
SORAM CDRAM SDRAM RDRAM

l ADRAM

E00 FPM
DRAM DRAM

l DOR1 \l DDR2 \l DDR3 \l DDR4 \




Working Principle of RAM

RAM operates by using memory cells made up
of transistors and capacitors to store data.

When data is written to RAM, it is stored as an
electrical charge in these cells.

The CPU can access this data almost
instantaneously, allowing for quick data
retrieval and processing.
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Importance of RAM in Computing

RAM is critical for multitasking, as it allows
several applications to run simultaneously
without lag.

The amount of RAM in a system directly
impacts its performance and speed.

Upgrading RAM can lead to significant
improvements in overall system
responsiveness and capability.



Future Trends in RAM Technology

Emerging technologies like DDR5 and LPDDR5
are set to enhance RAM speeds and efficiency.

Innovations in memory design, such as 3D
NAND and memory stacking, are also being
explored.

These advancements aim to meet the
increasing demands for higher performance in
computing and gaming.

Standard DOR Mobile DDR

Form-factor

Graphics DDR

DRAM on
PCB

Drs(crert‘i D’zﬁMS Mobile, Data-intensive systems
°°"c ““ f\s automotive (graphic cards, Al,
) systems high-performance

digital home, ete;) computing, etc)

R/LRDIMMs

(servers, cloud UGSOE IMMs
computing, ( I:;t(t)%;;s.
data centers, notebook's)

networking)



Conclusion

Both the Johnson Counter and RAM play crucial
roles in digital electronics and computing.

Understanding their functions and applications
is essential for anyone involved in technology.

As technology evolves, the importance of
efficient counting mechanisms and memory
solutions continues to grow.
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