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Introduction

Digital techniques are used in many systems and technological fields, including
televisions, communications and radar systems, location detection and
tracking systems, military systems, medical devices, control devices,
computers and other systems.

The term (digital) refers to the type of data that is handled and processed
within computers and other digital devices.

The main objective of this course is to teach the student the basics of logic
circuits in computers and electronic medical devices and how they work. The
course also explains the basics of building simple digital circuits using truth
tables and how to analyze and simplify them.
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COURSE SPECIFICATION

This Course Specification provides a concise summary of the main features of
the course and the learning outcomes that a typical student might reasonably
be expected to achieve and demonstrate if he/she takes full advantage of the
learning opportunities that are provided. It should be cross-referenced with the

program specification.

1. Teaching Institution Al-Rasheed University College

2. University Department/Centre Medical Instrumentations Techniques
Engineering Department

3. Course title/code Digital Techniques / DiTe240

o ) Bachelors of Medical Instrumentations
4. Program(s) to which it contributes _ ) )
Techniques Engineering

5. Modes of Attendance offered Weekly (Theory and Practical)
6. Semester/Year Yearly/Level Two
7. Number of hours tuition (total) 120 hours (4 hours per week)

8. Date of production/revision of this
o 5-9-2022
specification

9. Aims of the Course: the course aims to teach the students

1- The fundamentals of electronic circuits used in computer and medical

devices

2- The types of digital data and the methods of their conversion.

3- The main components and the method of their work.
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4- The truth tables and the methods of calculating the output from digital

circuits

5- Implementation of simple digital electronic circuits using truth table.

6- The basics of digital counters.

Analog to digital and digital to analog conversions.

10- Learning Outcomes, Teaching, Learning and Assessment Method

A- Knowledge and Understanding

Understanding the basics of numbers system and the conversion

Al between numbers types.

Ao Understanding the basics of simplifying the electronic circuits by
simplifying their equations.

A3 Understanding the basics of working with electronic circuits and logic
gates.

A Understanding the basics of digital counters and their

implementation.

B- Subject-specific skills

Analyzing the electronic circuits that are implemented using logic

Bl
gates.
B2 The process of defining the errors and their sources.
B3 Processing the digital data.
B4 Implementing digital circuits with minimum number of gates.

Teaching and Learning Methods

Theoretical lectures- Practical lectures — Practical Labs

Assessment methods
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Daily tests — Homework — Mid and final year exams — Reports

C- Thinking Skills

C1l The skill of creativity and ensuring the way of finding new solutions.
C2 The skill of team work.

C3 The skill of taking responsibilities

C4 The skill of care and perseverance to get good results.

Teaching and Learning Methods

- Asking discussable questions in class.

- Motivating the student to participate in solving the exercises on the board
during the lecture.

- Systematic training and field visits.

- Motivating students to participate in courses and workshops.

- Assigning students as groups to complete mini-projects related to the

subject.

Assessment methods

- Evaluating students for their daily participation in the class and
awarding them additional grades.

- Following up on courses, workshops and seminars, and providing
material and moral support to outstanding students.

- Discussing and evaluating the mini-projects completed by the student.

D. General and Transferable Skills (other skills relevant to employability and

personal development)

D1 Correct handling of computers and medical electronic devices.

D2 Ability to design digital circuits.
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D3 The ability to diagnose the location of the fault or malfunction by
tracing the electronic circuit.
o4 The ability to work in the sectors of medical electronic devices and
computers.
11. Course structure
Unit/Module or Teaching | Assessment
Week | Hours | ILOs o
Topic Title Method Method
Learn the Number system: Tests +
basics of the Binary numbers, _ homework
2T+2 o Theoretica
1st-2nd digital system | Octal numbers, + class
P o ) | lectures S
and data in its | Hexadecimal participatio
various forms | numbers. n
Tests +
_ homework
Learn about Theoretica
_ + class
2T+2 | the binary _ | & o
3rd-4th o Binary codes. _ participatio
P digital system practical
n+
in details. lectures _
practical
reports
_ Tests +
Identify the )
_ _ Theoretica | homework
basic logic
2T+2 _ _ | & + class
5th-gth gates by which | Logic gates. _ o
P o o practical participatio
digital circuits
_ lectures n+
are built _
practical
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reports
Learn how to Tests +
apply de homework
PP Theoretica
Morgan's + class
2T+2 De Margan's | & S
7th-gth theorem to _ participatio
P o theorems. practical
simplify n+
_ lectures _
rational practical
equations reports
Tests +
Learn how to
] homework
apply Boleyn's Theoretica
Laws and + class
2T+2 | theorems to | & o
gth-10% o theorem of _ participatio
P simplify practical
Boolean algebra. n+
Boolean lectures _
_ practical
equations
reports
Learn the Tests +
basics of _ homework
_ Theoretica
electronic _ _ + class
11%- 2T+2 | Arithmetic | & o
circuits to o _ participatio
12t P circuit. practical
perform n+
_ lectures _
mathematical practical
calculations reports
Learning on Simplifying logic | Theoretica | Tests +
13- 2T+2 : _ p. fying log
L5t 5 the methods of | circuits: | & homework
the sum of the | fundamentals practical + class
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multiplication | products, sum of | lectures participatio
and the products, n+
multiplication | algebraic practical
of the sum to | simplification. reports
simplify the
electronic
circuits
Learn how to
Tests +
convert a
) homework
16t - 2T+2 | truth table Truth table to Theoretica |
+ class
18t P into a Karnaugh map. | lectures S
participatio
Karnaugh
n
map
Tests +
] homework
Theoretica
Learn the _ + class
19— |2T+2 | Flip Flop: RS, | & S
different types ) participatio
218 P _ RST, JK, D, FF. | practical
of Flip-Flop n+
lectures _
practical
reports
Learn about _ Tests +
_ Theoretica
the details of homework
22Md- 2T+2 o | &
digital meters | Counters. ) + class
24" P practical S
and how to participatio
) lectures
build them n+
duedy LGS maliy doee Coli L) .a.‘:j 2 olds)




Ministry of Higher Education & Scientific Research

Al-Rasheed University College

Medical Instrumentations Techniques Engineering

ol Codly Jladl @dasdl 8139
daolndl uds i S

dudall 8321 CHlods dwdids uud

Department
practical
reports
Identify the
special types
Tests +
of counters
] homework
and tanks _ Theoretica
Special counters + class
25" - | 2T+2 | used to crawl _ | & o
and shift ) participatio
264 P numbers for ) practical
registers. n+
the purpose of lectures _
) practical
performing
o reports
digital
operations
Learn about
_ Tests +
the conversion
_ _ homework
mechanism o Theoretica
Digital to + class
27— | 2T+2 | from | & S
_ _ analogue _ participatio
28 P intermittent _ practical
o conversion. n+
digital to lectures _
) practical
continuous
reports
analog
Learn about _ Tests +
_ Theoretica
the conversion homework
20— | 2T+2 _ Analogue to | &
mechanism o _ _ + class
30t P digital conversion. | practical L
from participatio
) lectures
continuous n+
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analog to practical

digital reports

intermittent

12. Infrastructure

- Thomas L. Floyd, “Digital

Required reading: Fundamentals”, 11" edition, Pearson

- CORE TEXTS Education © 2015.

- COURSE MATERIALS - Thomas L. Floyd and Jain, ““Digital

. OTHER Fundamentals”, 81" edition, Pearson
Education © 2006.

https://www.readallbooks.org/book/digital-

Special requirements (include fundamentals-11th-edition/#download

for example workshops, https://smartbukites.com/wp-

periodicals, IT software, content/uploads/2019/08/digital-

websites) fundamentals-by-thomas-I.-floyd-8th-
edition.pdf

Community-based facilities
(include for example, guest
Lectures , internship , field

studies)

13. Plan of improving the subject

1- Motivating the student to use modern technological means in learning,
such as using software and the Internet.
2- 2- Develop students’ ability to use programs for building and checking

electronic circuits.
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15t week : Number system: Binary numbers, Octal numbers, Hexadecimal numbers.
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1. Know the types of numbers.
Know the methods of representing different types of numbers.
3. Converting binary, octal, hexadecimal to decimal numbers.

N

:Jg}” 8 ol ul.c},o}.o
1. Types of number systems

2. Representation of Numbers
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Number Systems: Binary, Octal, and Hexadecimal

The number systems subject is a very important topic in digital techniques because it gives
the basics of the types of data and their processing in digital technology and devices. This
lecture presents the basics of decimal, binary, octal, and hexadecimal numbers.

Lecture objectives
At the end of this lecture, the student should be able to:
1- Know the types of numbers.
2- Know the methods of representing different types of numbers.
3- Converting binary, octal, hexadecimal to decimal numbers.

Types of number systems

Number systems

Binary
(Base 2) (Base 8)

Y
Uses digits: \[ Uses digits:

0&1 0-7

Decimal numbers

This system is composed of 10 numbers or symbols, these 10 symbols are:
o123 [4[5]6[7[8]9]

These symbols are called digits.
The decimal system, also called base-10 system, because it has 10 digits which is a
naturally result of the fact that man has 10 fingers. The decimal numbers can be integer of
fractional.
Example decimal numbers: (9485)10, (34.234)10, (100234)1¢

Binary numbers
In this system there are only two symbols or possible digit values that are: 0 and 1
These symbols are called binary numbers and the system called base-2 system.
Example binary numbers: (101101),, (11011.010);

Octal numbers
In this system there are 8 numbers or symbols that are:
ol 1]2|3]4]5]|6]7

These symbols are called octal numbers and the system called base-8 system.
Example octal numbers: (675)s, (563.43)s
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Hexadecimal numbers
In this system there are 16 numbers or symbols that are:
10/1|2]3]4|5]/6|7|8|9|A|B|C|D|E|F|
These symbols are called hexadecimal numbers and the system called base-16 system.
Representation of Numbers
The following subsections present the method of representing decimal, binary, octal and
hexadecimal numbers in addition to the conversion of binary, octal and hexadecimal
numbers to decimal numbers.
Representation of decimal numbers

100000 10000 1000 100 10 1

value of digit in “Decimal numeral system”

(345)10=3 x 10> +4 x 10* + 5 x 10°
(254.67)19=2%x10°+5x10' +4x10°+6x 1071 + 7 x 1072
Representation of binary numbers

25 2% 23 27 o1 0

...654321. 12...

(101101), = 1><25+0><24+1><23+1><22+0><21+1><2"— (45)10
(1011.11), =1 x 23+ 0x 22 +1x 2  +1x2° +1 x2 1+ 1x 272 = (11.75) 40
Representation of octal numbers

o 1
888 8

....654321

(537)g=5%x82+3 x8'+7x8°= (351)1.]
(537.12)3 =5 x8*+3x8'+7x8°+1x81+2x82%=(351.15625),
Representation of hexadecimal numbers

16 16 16 16 16 16

...654321. 1 2

0123456789A B C|D|E|F
0/1/2|3/4|5(6|7/8]9|10|11|12|13|14]|15
(A01B);6 =10 x 16> + 0 x 16* + 1 x 161 + 11 x 16° = (40987) 4,

(F29.15)46=15x 16> +2x 161 +9x16° +1x 1671 + 5x 16> = (3881.08203125),,
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Exercise (Lecture 01)
Represent the following numbers as you learned in this lecture and convert them to their
decimal form:
1- (8304.27)4,
2. (11101.011),
3- (34.27)s
4- (AD8.C)ye
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Number Systems Conversion

This lecture presents the method of converting binary, octal, and hexadecimal numbers to
decimal numbers.

Lecture objectives
At the end of this lecture, the student should be able to:
1- Convert decimal numbers to binary, octal, and hexadecimal.
2- Convert octal to binary and vice versa.
3- Convert hexadecimal to binary and vice versa.

Conversion of decimal numbers to other types
The following subsections present the method of converting decimal numbers to binary,
octal and hexadecimal numbers.
Conversion of decimal to binary number

To convert the decimal number to binary, divide the number by 2 (the base) until the value
is 0. When the number is fractional number, the numbers after point are multiplied by 2.

The least significant bit (LSB) and the most significant bit (MSB) are as shown:

1010110010
1 1
MSB LSB

Example: Convert the decimal number (13)4, to binary.

Step 1: Divide the given number [13 repeatedly by 2 until
you get 0’ as the quotient

1 6 (Remainder1)
3 (Remainder 0)
1 (Remainder1) ——

0 (Remainder1)

_ W Oy W
NN NN

wunonn

Yoy l’ Y
Step 2! Write the remainders in the reverse 1 1 0 1
order

S35, =

(Decimal) (Binary)
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Example: Convert the decimal number (36)1o to binary.

Divisionby 2 | Quotient Remainder
36 +2 18 0 (LSB)
18 +2 9 0
9+2 4 1
4+2 2 0
2+2 1 0
1+2 0 1 (MSB)

(36)10 = (100100);

Example: Convert the decimal number (39.5);o to binary.

Division by 2 Quotient Remainder
39+2 19 1 (LSB)
19+2 9 1
9+2 4 1
4+2 2 0
2+2 1 0
1+2 0 1 (MSB)
Multiplication

by 2

05x2 1 0
0x2 0

(39.5)10 = (100111.10)2
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Conversion of decimal to octal number
To convert the decimal number to octal, divide the number by 8 (the base) until the value
is 0. When the number is fractional number, the numbers after point are multiplied by 8.

Example: Convert the decimal number (266)10 to octal.

Division by 8 | Quotient Remainder
266 + 8 33 2 (LSB)
33+8 4 1
4+8 0 4 (MSB)

(266)10 = (412)8

Example: Convert the decimal number (20.75)4, to octal.

Division by 8 | Quotient Remainder
20+8 2 4 (LSB)
2+8 0 2 (MSB)
0.75x 8 6 0

(266)10 = (24.6)s
Conversion of decimal to hexadecimal number
To convert the decimal number to hexadecimal, divide the number by 16 (the base) until
the value is 0. When the number is fractional number, the numbers after point are
multiplied by 16.
Example: Convert the decimal number (423)1o to hexadecimal.

Division by 16 | Quotient Remainder
423 + 16 26 7 (LSB)
26 + 16 1 10= A
1+16 0 1 (MSB)

(423)10 = (1AT7)16
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Conversion of octal numbers to binary and vice versa
The following subsections present the method of converting octal numbers to their binary
form and the reverse.

Conversion of octal to binary number

The conversion from octal to binary is performed by converting each octal digit to its 3-bit
binary equivalent as shown in the following table.
Octal (O |1 |2 |3 |4 |5 |6 |7
Binary | 000 | 001 | 010 | 011 | 100 | 101 | 110 | 111

Example: Convert the octal number (472)g to binary.
Octal |4 |7 |2
Binary | 100 | 111 | 010
(472)s = (100111010)

Conversion of binary to octal number

The conversion from binary to octal is performed as follows:
Stepl: Group the binary digits into 3's starting at least significant digit (if the number of
bits is not evenly divisible by 3, then add O's at the most significant end).

Step 2: Write the equivalent octal number to each group.

Example: Convert the binary number (10101110), to octal.
Binary | 10 | 101 | 110
Octal |2 |5 |6

(10101110). = (256)s
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Example: Convert the decimal number (177)10 to its 8-bit binary equivalent by first

converting to octal.

Division by 8 | Quotient Remainder
177 + 8 22 1 (LSB)
22+ 8 2 6
2+8 0 2 (MSB)

(177)10 = (261)
Octal (2 |6 |1
Binary | 10 | 110 | 001
(177)10 = (10110001)>

Conversion of hexadecimal numbers to binary and vice versa

[ee)

The following subsections present the method of converting hexadecimal numbers to their
binary form and the reverse.

Conversion of hexadecimal to binary number
The conversion from octal to binary is performed by converting each octal digit to its 4-bit

binary equivalent as shown in the following table.

Hexadecimal Binary Hexadecimal Binary
0 0000 8 1000
1 0001 9 1001
2 0010 A 1010
3 0011 B 1011
4 0100 C 1100
5 0101 D 1101
6 0110 E 1110
7 0111 F 1111
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Example: Convert the octal number (39C8);¢ to binary.

Hexadecimal | 3 9 C 8
Binary 0011 | 1001 | 1100 | 1000
(39C8)16 = (0011100111001100)z

Conversion of binary to hexadecimal number

The conversion from binary to hexadecimal is performed as follows:
Stepl: Group the binary digits into 4's starting at least significant digit (if the number of
bits is not evenly divisible by 4, then add O's at the most significant end).

Step 2: Write the equivalent octal number to each group.

Example: Convert the binary number (1001111001110000), to hexadecimal.
Binary 1001 | 1110 | 0111 | 0000
Hexadecimal | 9 E 7 0
(1001111001110000); = (9E70)16
Example: Convert the binary number (1111110100011)2 to hexadecimal.
Binary 1 1111|1010 | 0011
Hexadecimal | 1 F A 3
(1111110100011)2 = (1FA3)16

Exercise

Answer the following questions:
1- Convert the following numbers to decimal: (641)e, (10011101);, (24CE) ;¢
2- Convert (3117);0 to hexadecimal, then from hexadecimal to binary.
3- Convert (1001011110110101), to hexadecimal.
4- Convert (3527)s to hexadecimal.
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Convert decimal numbers to BCD.

Convert from BCD to decimal.

Convert binary to Gray code and vice versa.
Know the basics of ASCII codes.
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3. ASCII code basics
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Binary Codes
This lecture presents the method of expressing decimal numbers using binary coded
decimal (BCD). The lecture also presents the basics of Gray code and ASCII code.
Lecture objectives
At the end of this lecture, the student should be able to:
1- Convert decimal numbers to BCD.
2- Convert from BCD to decimal.
3- Convert binary to Gray code and vice versa.
4- Know the basics of ASCII codes.

BCD Basics
If each digit of a decimal number is represented by its binary equivalent, this produces a
code called binary-coded-decimal (BCD). Since a decimal digit can be as large as 9, 4-bits
are required to code each digit. The table below shows each decimal digit and its binary
equivalent.

Deci (O |1 |2 |3 |4 |5 |6 |7 |8 |9
mal
BCD (00 |00 |00 |00 {01 |01 |01 /0110 |10
00 |01/10(11 (00|01 |10 |11|00 |01

Conversion of decimal to BCD and vice versa
To convert the decimal number to BCD, the equivalent of each decimal number is taken
from the above table.
Example: Convert the decimal numbers (35)10, (98)10, (170)10, (2469)10t0 BCD.

Decimal BCD
number
35 0011 0101
98 1001 1000
170 0001 0111 0000
2469 0010 01000110 1001
Example: Convert the BCD codes to decimal (10000110),, (001101010001),,
(1001010001110000)
BCD Decimal number
1000 0110 86
0011 0101 0001 351
1001 0100 0111 0000 9470
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Gray code basics
Gray code is unweighted and is not an arithmetic code; that is, there are no specific
weights assigned to the bit positions. The important feature of the gray code is that it
exhibits only a single bit change from one code word to the next in sequence.

Decimal Binary Gray Code Decimal Binary Gray Code
0 0000 0000 8 1000 1100
1 0001 0001 9 1001 1101
0010 0011 10 1010 1111
0011 0010 11 1011 1110
4 0100 0110 12 1100 1010
5 0101 0111 13 1101 1011
6 0110 0101 14 1110 1001
0111 0100 15 1111 1000

Conversion of binary to Gray code
The steps are as follows:
1. The most significant bit (left-most) in the Gray code is the same as the corresponding
MSB in the binary number.
2. Going from left to right, add each adjacent pair of binary code bits to get the next Gray
code bit. Discard carries.
Example: Convert the binary number (10110), to Gray code.

|-+ —0-+—=1-+—=1—+—0 Binary

. ! , ! .
| 1 1 0 | Gray
Conversion of Gray code to binary

The steps are as follows:
1. The most significant bit (left-most) in the binary code is the same as the corresponding
bit in the Gray code.
2. Add each binary code bit generated to the Gray code bit in the next adjacent position.
Discard carries.

Example: Convert the Gray code (11011) to binary number.
I 1 0 1 1 Gray
L +7 L +7
| 0 0 1 0 Binary
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ASCII code basics
ASCII is the abbreviation for American Standard Code for Information Interchange.
Pronounced “askee,” ASCII is a universally accepted alphanumeric code used in most
computers and other electronic equipment. Most computer keyboards are standardized
with the ASCII. When you enter a letter, a number, or control command, the
corresponding ASCII code goes into the computer. ASCII has 128 characters and symbols
represented by a 7-bit binary code. Actually, ASCII can be considered an 8-bit code with
the MSB always 0. This 8-bit code is 00 through 7F in hexadecimal. The first thirty-two
ASCII characters are nongraphic commands that are never printed or displayed and are
used only for control purposes. The following table presents the ASCII codes for different
numbers, characters, symbols, and commands.

Decimal - Binary - Octal - Hex — ASCII
Conversion Chart

ecimal  Binay  Octal Hex ASCIl Decimal  Binary  Octal Hex ASCII Decimal  Binary  Octal Hex ASCII Decimal  Binary  Octal Hex ASCII
0 00000000 000 00 NUL 32 00100000 040 20 SP 64 01000000 100 40 @ 9 01100000 140 60
4 00000001 001 01 SOH 33 00100001 041 21 ! 65 01000001 101 41 A 97 01100001 141 61 a
2 00000010 002 02 STX 34 00100010 042 22 66 01000010 102 42 B 9 01100010 142 62 b
3 00000011 003 03 ETX 38 00100011 043 23 # 67 01000011 103 43 C 9 01100011 143 63 ¢
4 00000100 004 04 EOT 3 00100100 044 24 & 68 01000100 104 44 D 400 01100100 144 64 d
5 00000101 005 05 ENQ 37 00100101 045 25 % 69 01000101 105 45 E 101 01100101 145 65 e
6 00000110 006 06 ACK 38 00100110 046 26 & 70 01000110 106 46 F 102 01100110 146 66 T
7 00000111 007 07  BEL 30 00100111 047 27 71 01000111 107 47 G 103 01100111 147 67 g
8 00001000 010 08 BS 40 00101000 050 28 ( 72 01001000 110 48 H 104 01101000 150 68 h
9 00001001 011 09 HT 41 00101001 051 29 ) 73 01001001 111 49 | 105 01101001 151 69
10 00001010 012 0A LF 42 00101010 052 24 * 74 01001010 112 4A 106 01101010 152 6A |
11 00001011 013 0B VT 43 00101011 053 2B+ 75 01001011 113 4B K 107 01101011 153 6B K
12 00001100 014 OC FF 44 00101100 054 2C 76 01001100 114  4C L 108 01101100 154 6C |
13 00001101 015 0D CR 45 00101101 055 2D - 77 01001101 115 4D M 400 01101101 155 6D m
14 00001110 016 OE SO 46 00101110 055 2B 78 01001110 116 4E N 410 01101110 156 6E n
15 00001111 017 OF  SI 47 0010111 057 2F 1 79 01001111 117 4F O 11 010111 157 6F o
16 00010000 020 10 DLE 48 00110000 060 30 O 80 01010000 120 50 P 112 01110000 160 70 p
17 00010001 021 11 DC1 40 00110001 081 31 1 81 01010001 121 51 Q 113 01110001 161 71 g
18 00010010 022 12 DC2 50 00110010 062 32 2 82 01010010 122 52 R 114 01110010 162 72t
19 00010041 023 13 DC3 51 0011001 083 33 3 83 01010011 123 53§ 115 01110011 183 73 s
20 00010100 024 14 DG4 52 00110100 064 34 4 84 01010100 124 54 T 116 01110100 164 74t
21 00010101 025 15 NAK 53 00110101 065 35 5 85 01010101 125 55 U 117 01110101 165 75w
22 00010110 026 18 SYN 54 00110110 085 38 6 8 01010110 126 56V 118 01110110 166 76 v
23 00010111 027 17 ETB 55 00110111 067 37 7 87 01010111 127 57 W 119 0110111 167 77w
24 00011000 030 18 CAN 56 00111000 070 38 8 88 0101000 130 58 X 120 01111000 170 78 x
25 00011001 031 13 EM 57 00111001 071 33 9 89 01071001 131 59 Y 121 01111001 171 79y
26 00011010 032 1A SUB 58 00111010 072 3A 90 0107010 132 54 Z 122 01111010 172 TA oz
27 00011011 033 1B ESC 50 00111011 073 3B 91 010M011 133 5B | 123 01111011 173 7B {
28 00011100 034 1C FS 60 00111100 074 3C < 92 0101100 134 5C | 124 01111100 174 7C |
29 00011101 035 1D 68§ 61 00111101 075 3D = 93 0101101 135 5D ] 125 01111101 175 7D}
30 00011110 036 1E RS 62 00111110 076 3E > 94 01011110 136 5E 126 01111110 176 TE  ~
31 000111 037 F US 63 00111111 077 3F 95 0101111 137 5F 427 01111111 177 7 DEL

Exercise (Lecture 03)
Answer the following questions:
1- Convert (10011101); to Gray code.
2- Convert Gray code 10101111 to binary.
3- How many bits are there in the ASCII code and what is the value of the MSB.
4- Determine the ASCII codes and their related hexadecimal numbers for your first
name.
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Logic Gates
This lecture presents the basics of logic gates which are used in implementing the
integrated circuits (ICs). The ICs are used in many digital techniques applications
therefore it is necessary to understand the basics of its components. Logic gates are
primarily implemented electronically using diodes or transistors, but can also be
constructed using electromagnetic relays (relay logic), fluidic logic, pneumatic logic,
optics, molecules, or even mechanical elements.

Lecture objectives

At the end of this lecture, the student should be able to:
1- Know the NOT, AND, and OR gates.
2- Know the NAND and NOR gates.
3- Know the EX-OR and EX-NOR gates.

NOT Gate
The NOT gate is an electronic circuit that produces an inverted version of the input at its
output. It is also known as an inverter. If the input variable is A, the inverted output is
known as NOT A. This is also shown as A', or A with a bar over the top, as shown at the
outputs. The symbol, truth table, equation, and operation are shown below.

Symbol

A Dc X=4

Output equation

Inverter truth table.

Input Output
LOW (0) HIGH (1)
HIGH (1) LOW (0)

HIGH (1) |> HIGH (1)
LOW (0) J_I— —I—I_ LOW (0)
I 5] I I
[nput pulse Output pulse

Example: Determine the output of the invertor for the input waveform shown below.

1
0 I | | | ]nput—Do—Output

Solution:
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]—I |—' r
Output
P 0

AND Gate
The AND gate is an electronic circuit that gives a high output (1) only if all its inputs are
high. A dot (.) is used to show the AND operation i.e. A.B. Bear in mind that this dot is
sometimes omitted i.e. AB. The symbol, truth table, equation, and operation are shown
below.

Symbol
A _
B X=A.B
Output equation
Truth table for a 2-input
AND gate.
|
Inputs Output 4 N S R S .
| |
A B X 8'1111]‘03033
| 1 | ! !
o0 0 bk
e i e e R et
R 0 R
: (1) (1) X 1 0 1 0 i() i

Example: Determine the output of the AND gate for the input waveforms shown below.
A HIGH
| [ | | | ]
L LD
LOW
Solution:
A HIGH
| | | | ]
IRt
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The OR gate is an electronic circuit that gives a high output (1) if one or more of its inputs
are high. A plus (+) is used to show the OR operation. The symbol, truth table, equation,
and operation are shown below.

Symbol
A
B X =A+B
Output equation
Truth table for a 2-input | 0 1 |
OR gate. _ l
1 ! i I A
Inputs Output ! | : ! ! B X
+ |
A B X B roho 0 i 0|
— I S S —
0 0 0 : i | ! i
: r_’l_"'_'f'ﬂ_’;_':'_'fﬁ‘
| |

- — o

Example: Determine the output of the OR gate for the input waveforms shown below.

Input A _|_ _ _ i )
I |._l| I |_‘_ B:Di

Input B I I I I
Solution:
Input A '
. _'_ 1 (I A
I L [ :D— X
I I I | B
Input B I I |_| I I l '
R
I L [
I [ [
I L [
I L [
I oL [
owpux _ [ [T LI -
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NAND Gate
This is a NOT-AND gate which is equal to an AND gate followed by a NOT gate. The
outputs of all NAND gates are high if any of the inputs are low. The symbol is an AND
gate with a small circle on the output. The small circle represents inversion. The symbol,
truth table, and equation are shown below.

Symbol
A — A —
B ——] B —
) X=A.B
Truth table for a 2-input
NAND gate.
Inputs Output
A B X
0 0 1
0 1 1
1 0 1

1 1 0
Example: Determine the output of the NAND gate for the input waveforms shown below.

D

Solution:
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NOR Gate
This is a NOT-OR gate which is equal to an OR gate followed by a NOT gate. The outputs
of all NOR gates are low if any of the inputs are high. The symbol is an OR gate with a
small circle on the output. The small circle represents inversion. The symbol, truth table,
and equation are shown below.

Symbol
:Do— X = X
B B -
X=A+B
Truth table for a 2-input
NOR gate.
Inputs Output
A B X
0 0 |
0 1 0
1 0 0
1 1 0

Example: Determine the output of the NOR gate for the input waveforms shown below.

Solution:
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EX-OR Gate
The “Exclusive-OR” gate is a circuit which will give a high output if either, but not both,

of its two inputs are high. The symbol, truth table, and equation are shown below.
Symbol
A

B X=A®b

Truth table for an exclusive-
OR gate.

Inputs Output
X

-0

= =N N

B
0
1
0
1

o

EX-NOR Gate
The 'Exclusive-NOR' gate circuit does the opposite to the EX-OR gate. It will give a low
output if either, but not both, of its two inputs are high. The symbol is an EX-OR gate with

a small circle on the output. The small circle represents inversion.
Symbol

s D xR

Truth table for an exclusive-

NOR gate.
Inputs Output
A B X
0 0 1
0 1 0
1 0 0
1 1 1

Example: Determine the output waveforms for the EX-OR gate and for the XE-NOR gate,
given the input waveforms, A and B as shown below.

u | | [ ] e I
S ipnElyl

XOR

XNOR

| 1
L — -
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Exercise (Lecture 04)
Answer the following questions:
1- When 1 is on the input of an inverter, what is the output?
2- When is the output of an AND gate HIGH?
3- Describe the truth table for a 5-input AND gate.
4- When is the output of an OR gate LOW?
5- Describe the truth table for a 3-input OR gate.
6- When is the output of a NAND gate HIGH?
7- When is the output of a NOR gate LOW?
8- What are the logic gates that can be used to detect when the two bits are different?
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. Determine the output expression for the logic circuit.
. Implementing the logic circuit from its Boolean expressions.

N =

« Ao S| CP-1E N ul.cj.,o}.o

|

. Describing logic circuits algebraically

no

Implementing circuits from Boolean expressions
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Logic circuits description
Any logic circuit, no matter how complex, may be completely described using the Boolean
operations that are related to its logic gates. On the other side, the logic circuits can be
implemented from their Boolean expressions.

Lecture objectives

At the end of this lecture, the student should be able to:
1- Determine the output expression for the logic circuit.
2- Implementing the logic circuit from its Boolean expressions.
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Describing logic circuits algebraically
The output expression of the logic circuit can be described by following the sequence of
the inputs in the logic gates and describing their outputs.
Example: Determine the output expression for the logic circuits shown below:
A

oy DL

A —

B — A

A — B

(_‘ RN

, IO Dy
B B

A

B

B — i

A+AB
) AB+AC
' , B AB

c AC
A+B X
B AfB s A+B
A AMBN _ATB _
B A+B+C

. D_C(A+B +C)
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Implementing circuits from Boolean expressions
If the operation of a circuit is defined by a Boolean expression, a logic-circuit can be
implemented directly from that expression.
Example: Implement the logic circuits defined by the following Boolean expressions:
A) AB +BC
B) AC +BC + ABC
C)C+@A+B+0)

A

C
B)
. Al o
¢ e
I

C+( AtB+C)

Exercise (Lecture 05)
Determine the output expression for the following circuit, and determine the output at
A=1, B=0, C=1, and D=L1.

i L BTN "
b —AD«Do-fj}
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1. ldentify faulty logic gate in the logic circuit.
2. Answer the self-test questions that are included in this lecture.

sdwdlud! 8 ol Ole o g0
1. Identifying the faulty logic gate
Aol le.w}”g my‘g c.,uJLw;)”
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Logic gates test

This lecture explains the method of identifying the faulty logic gates followed by self-test
questions that are related to the logic gates and logic circuits topics.

Lecture objectives
At the end of this lecture, the student should be able to:
1- Identify faulty logic gate in the logic circuit.
2- Answer the self-test questions that are included in this lecture.

Identifying the faulty logic gate

The faulty logic gate is the one that gives wrong output. To identify the faulty logic gate,
the right output must be determined and compared with the current output.
Example: Examine the following logic gates and identify the faulty logic gates.

11— 1 — 00—
Do—o 1—}| 0
1— 00— 00—
(a) (b) (c)
0
0 - I 1
(f)

(d) (e)

Right output Current output | Gate status
a (1.1)=1=0 0 Active
b (1.1.0) =0 1 Faulty
c 0+0)=1+1=1 0 Faulty
d |[(0+40+0+1)=1=0 0 Active
e 160=1 0 Faulty
f 1P 1=0 0 Active
Self-Test
True or False

No. Sentence TorF

1 An inverter performs a NOT operation.

2 A NOT gate cannot have more than one

input.
3 | Ifany input to the OR gate is zero, the output
IS zero.
4 If all the inputs to an AND gate are 1, the
output is 0.
5 A NAND gate can be considered as an OR
gate followed by a NOT gate.
6 | A NOR gate can be considered as an OR gate
followed by an inverter.
7 | The output of an EX-OR is 0 if the inputs are
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Department
opposite.
8 The output of an EX-NOR is 0 if the inputs
are opposite.
9 | OR gate is considered faulty when the inputs
are both zeros while the output is 1.
10 The equation of AND gate output for two
inputs A and B is (A+B).
Choose the correct answer:

1- When the input to an inverter is LOW (0), the output is ...

(@ HIGH or 0

(b) LOW or 0

(c) HIGH or 1

(d)LOWor1l
2- An inverter performs an operation known as ...

(a) Complementation

(b) Assertion

(c) Inversion

(d) both answers (a) and (c)
3- The output of an AND gate with inputs A, Band C is 0
(LOW) when ...

(@ A=0,B=0,C=0

(0)A=0,B=1,C=1

(c) both answers (a) and (b)
4- The output of an OR gate with inputs A, B and C is 0
(LOW) when ...

(@ A=0,B=0,C=0

(b)A=0,B=1,C=1

(c) both answers (a) and (b)
5- A pulse is applied to each input of a 2-input NAND gate.
One pulse goes HIGH at t=0 and goes back LOW at t=1ms.
The other pulse goes HIGH at t=0.8 ms and goes back LOW
at t=3ms. The output pulse can be described as follows:
(a) It goes LOW at t =0 and back HIGH at t = 3 ms.
(b) It goes LOW at t = 0.8 ms and back HIGH at t = 3 ms.
(c) It goes LOW att = 0.8 ms and back HIGH at t =1 ms.
(d) It goes LOW att = 0.8 ms and back LOW att =1 ms.
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Know the Boolean expression in sum-of-products form.
2. Know the Boolean expression in product-of-sums form.

=

rdaslud! 8 4o leall Ole 9o 90
Boolean algebra
Terms in Boolean expressions
Boolean addition
Boolean multiplication

Sum-of-Products

© 0 k~ w D

Product-of-Sums
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Boolean Operations and Expressions

The form of the Boolean expression does determine how many logic gates are used, what
type of gates needed, and how they are connected together. The more complex an
expression, the more complex the gate circuit will be. There are also certain forms of
Boolean expression that are more commonly used than others, the two most important of
these are the sum-of-products and the product-of-sums forms.

Lecture objectives
At the end of this lecture, the student should be able to:
1- Know the Boolean expression in sum-of-products form.
2- Know the Boolean expression in product-of-sums form.

Boolean algebra
The Boolean algebra term refers to the mathematics of digital logic. In order to study and
analyze the logic circuits, the basics of Boolean algebra must be known. The following
sections present some important terms that are used in Boolean expressions followed by
the basics of sum-of-products and the product-of-sums forms of Boolean expressions.
Terms in Boolean expressions

Variable, complement, and literal are terms used in Boolean algebra, the following table
explains their definitions.

Term Definition
Variable An italic letter or word used to represent an
action, a condition, or data. Any single
variable can have only a 1 or a 0 value.
Complement | Is the inverse of a variable and is indicated

by a bar over the variable (overbar). The
complement of the variable A is read as “not

A’ or “A bar.”

Literal A literal is a variable or the complement of a
variable.
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Boolean addition
Boolean addition is equivalent to the OR operation. Some examples of sum terms are
A+B A+B A+B+C andAd + B + C + D. Asum term is equal to 1 when one or
more of the literals in the term are 1. A sum term is equal to 0 only if each of the literals is
0.

Example: Determine the values of 4, B, C, and D that make the sum term
A+B+C+D=0.
SolutiontA + B+ C+D=04+1+0+1=0
A=0,B=1,C=0,andD =1,

Boolean multiplication
Boolean multiplication is equivalent to the AND operation. Some examples of sum terms
are AB, AB, ABC, and ABCD. A sum term is equal to 1 only when each of the literal in
the term is 1. A sum term is equal to O when one or more of the literals are 0.
Example: Determine the values of 4,B.C, and D that make the product term ABC D =1
Solution: ABCD=1010=1
A=1,B=0,C=1,andD =0,

Sum-of-Products
Recall that a sum in Boolean algebra is the same as OR function, so a sum-of-products
expression is two or more AND functions ORed together. For instance, AB+CD is a sum-
of-products expression.
Examp|e: ABC+AD ABC+DEF
A sum-of products form can also contain a term with a single variable, such as
A+ BCD +EFG,

Example: Draw the logic circuit for the Boolean expression: AB C + AD
A

B —1

>
c —A

Ba
b )

dnedy ool ol doee Coli L) .J.‘:j 2 olds)



Ministry of Higher Education & Scientific Research
Al-Rasheed University College

Medical Instrumentations Techniques Engineering
Department

ol Codly Jladl @dasdl 8139
daolndl uds i S
dudall 8321 CHlods dwdids uud

Product-of-Sums
The product-of-sums form can be thought of as the dual of the sum-of-products. It is, in
terms of logic functions, the AND of two or more OR functions. For instance,
(A +B)(B + () is a product-of-sum expression
Examp|e: (A+B)(B+C +D)’ (A+B+C)(D+E+F)
A product-of-sums expression can also contain a single variable term such as
A(B+ C+D)(E +F +G).
Example: Draw the logic circuit for the Boolean expression: A(B + C + D)(E + F + G).

5 L

T

OTMM oOw »

Exercise (Lecture 07)
Answer the following:
1- Determine the values of 4,B,and C that make the sumterm A+ B +C =0,
2- Determine the values of 4, B, and C that make the product term ABC =1,
3- Draw the logic circuit for the Boolean expression (A4 + B)(B + C + D),
4- Implement the expression AB + BCD + EFGH with logic gates.
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1. Apply the commutative, associative, and distributive laws of addition and
multiplication.
2. Apply twelve basic rules of Boolean algebra.

a1 8 molxall ul.c-},o}o
1. Laws of Boolean Algebra

2. Rules of Boolean Algebra
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Laws and theorems of Boolean algebra

As in other areas of mathematics, there are certain well-developed rules and laws that must
be followed in order to properly apply Boolean algebra. The most important of these are
presented in this lecture.

Lecture objectives
At the end of this lecture, the student should be able to:
1- Apply the commutative, associative, and distributive laws of addition and

multiplication.

2- Apply twelve basic rules of Boolean algebra.

Laws of Boolean Algebra
The basic laws of Boolean algebra—the commutative laws for addition and multiplication,
the associative laws for addition and multiplication, and the distributive law—are the same
as in ordinary algebra. Each of the laws is illustrated with two or three variables, but the
number of variables is not limited to this.
Commutative laws
The commutative laws of addition or multiplication for two variables are as follows:
A+B=B+A
AB = BA
Associative laws
The commutative laws of addition or multiplication for three variables are as follows:
A+(B+C0)=(A+B)+C
A(BC) = (AB)C

Distributive law
The distributive law for three variables is as follows:
AB+C)=AB + AC
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The following table presents the 12 rules of simplifying and manipulating Boolean

expressions.

Basic rules of Boolean algebra.

1. A+0=A 7. A-A=

22A+1 =1 8. A A=

3.A-0=0 9. A=A

4. A1 =A 10. A + AB

5. A+A=A 11. A+ AB=A+B

6. A+ A=1 12. A+ B(A+ C)=A + BC
A, B, or C can represent a single variable or a combination of variables

1. A+0=4

A= A=0 -

2. A+1=1

.—\=1:D7Y . AA:O:D;X 1
I o I o

3. A.0=0

A=1— , A=0 .
073—.\:n o )—.x_n

4. A.1=A

A=0 A=1 —

5L A+A=A4

A=10 A=1

A= A=

6. A+tA=1

A=0 A=1

1=1 A=0

7. A A=A

i=0— =1 —

A=0— A=1—

8 A. A=

A=1— A=0 —

_ X=0 }X:ﬁ

A=0 — A=1—

9 A=A
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100A+AB=A

A+ AB=A-1+ AB = A(l + B) Factoring (distributive law)
=A-1 Rule2:(1 + B) =1
=A Rule4:A-1=A

11.A+AB=A+B
A +AB= (A + AB) + AB

= (AA + AB) + AB

= AA + AB + AA + AB

=(A+ A)A + B)

=1-(A+B)

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

Rule 10:A = A + AB
Rule 7: A = AA

Rule 8: adding AA = 0
Factoring

Rule6:A + A = 1
Rule 4: drop the 1

(A+ B)YA + C) =AA + AC + AB + BC Distributive law

=A+AC+ AB + BC

Rule7:AA = A

= A(l + C) + AB + BC Factoring (distributive law)

=A-1+AB + BC
= A(l + B) + BC
=A-1+BC
=A + BC

Rule2:1+ C=1
Factoring (distributive law)
Rule2:1 + B =1
Rule4:A-1=A
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Example: Simplify the following expressions using Boolean algebra rules and laws.

1) y= ABD + ABD
2) z= (A+B)A+B)
Solution:

1) ¥y =ABD +ABD =AB(D +D) =AB.1= AB
2) z=(A+B)A+B)=AA+AB+BA+BB=0+B(A+A)+B=0+B+B=8
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Exercise (Lecture 08)
Answer the following:
1- Apply the associative law of addition to the expression:
A+ (B+C+ D)
2- Apply the distributive law to the expression:
A(B+ C+D).
3- Simplify the following expression using Boolean algebra rules and laws.
y=AB+ A(B+C)+B(B+ ()
4- Simplify the following expression using Boolean algebra rules and laws.
y = [AB(C + BD) + AB]C
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. State DeMorgan’s theorems
. Relate DeMorgan’s theorems to the equivalency of the NAND and negative-OR
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De Margan's theorems

In practical terms, DeMorgan’s theorems provide mathematical verification of the
equivalency of the NAND and negative-OR gates and the equivalency of the NOR and
negative-AND gates. The DeMorgan’s theorems used for simplifying the Boolean
expressions.

Lecture objectives
At the end of this lecture, the student should be able to:
1- State DeMorgan’s theorems
2- Relate DeMorgan’s theorems to the equivalency of the NAND and negative-OR gates

and to the equivalency of the NOR and negative-AND gates.

DeMorgan’s first theorem
The complement of a product of variables is equal to the sum of the complements of the
variables.
Stated another way,
The complement of two or more ANDed variables is equivalent to the OR of the
complements of the individual variables.

The formula for expressing this theorem for two variables is
XY =X+4Y
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DeMorgan’s second theorem

DeMorgan’s second theorem is stated as follows:
The complement of a sum of variables is equal to the product of the complements of the

variables.

Stated another way,

The complement of two or more ORed variables is equivalent to the AND of the
complements of the individual variables.

The formula for expressing this theorem for two variables is

X+¥Y=X.Y

Inputs Output
XY | XY X+¥

X I X —< .
:D:— V= D—\'w 00| 1 |
¥ Yy —<

NAND Negative-OR 1 0 | 1

Inputs Output
XY | X+Y XY

X £ —
¥ ¥y —<C

NOR Negative-AND 1 0 0 0

Example: Apply DeMorgan’s theorems to the expressions X +¥ +Z and XYZ,
Solution:
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Applying DeMorgan’s theorems
The following procedure illustrates the application of DeMorgan’s theorems and Boolean
algebra to the specific expression.
Let’s consider the following Boolean expression:

A+ BC + D(E + F)

Step 1: Identify the terms to which you can apply DeMorgan’s theorems, and think of
each term as a single variable. Let A + BC = Xand D(E + F) = Y.
Step 2: Since X + Y = XY,

(A + BC) + (D(E + F)) = (A + BCXD(E + F))

Step 3: Use rule 9 (A = A) to cancel the double bars over the left term (this is not part
of DeMorgan’s theorem).

(A + BCYD(E + F)) = (A + BC)YD(E + F))

Step 4: Apply DeMorgan’s theorem to the second term.
(A + BOXDE + F) = (A + BOD + (E + F))

Step 5: Use rule 9 (A = A) to cancel the double bars over the E + F part of the term.
(A+BCD +E+F)=(A+BCD+E+F)

Exercise (Lecture 09)

Apply DeMorgan’s theorems to each of the following expression:
1- (A+B+0D

9. ABC + DEF
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Boolean expressions simplification using DeMargan's theorems
This lecture presents the method of simplifying Boolean expressions using DeMorgan’s
theorems.
Lecture objectives
At the end of this lecture, the student should be able to:
Apply DeMorgan’s theorems to simplify the complex Boolean expressions.

Recall DeMorgan’s theorems

Simplifying Boolean expression using DeMorgan’s theorems

Example: Simplify the following Boolean expressions using DeMorgan’s theorems.
1- Z=(A+C).(B+D)
9. Z=(A+BC).(D+EF)
Solution:
1- Z=(A+C).(B+D)
Z=(A+C).(B+D)=(A+C)+(B+D)=AC+B.D=AC+BD

Z=(A+BC).(D+EF)=(A+BC)+(D+EF)=(A.BC)+(D.EF)=(A.(B+0C)+
2. (D.(E+F)=AB+AC+DE+DF

Example: Apply DeMorgan’s theorems to each of the following expressions.
1- Z=(A+B+C)D

2- Z=(A+B)+C

3- Z=(A+B)+CD

A- Z=ABC+ (D +E)

Solution:

1- Z=(A+B+C)D
Z=(A+B+C)D=(A+B+C)+D=(AB.C)+D=ABC+D

2- 7Z=(A+B)+C
7=(A+B)+C=([AFB).C=(A+B).C=AC+BC

o

3-Z=(A+B)+CD=(A+B).CD=A.B.(C+ D)= ABC+ ABD

4- Z=ABC+(D+E)=A+B+C+D.E=A+B+C+DE
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Circuit implementation based on simplified Boolean expression
Example: Implement a circuit having the output expression:
Z=A+B+C
Using NAND gate and an inverter.
Solution: The output of the NAND gate is the multiplication of its inputs, therefore, the
addition in the Boolean expression must be converted to multiplication which can be
accomplished by applying DeMorgan’s theorems.
Z=A+B+C=A.B.C=A.B.C
The result can be implemented using NAND gate with three inputs: A, B, and inverted C.

g— A.B.C
R — )3
c
T O=
il
E — —
sl =&

Exercise (Lecture 10)

I

o

62
+
&
>
=

Answer the following:
A) Apply DeMorgan’s theorems to each of the following expressions.
1- Z = ABC + DEF
2- Z=AB+ CD+ DEF
3-Z=(A+B)CD+E+F
B) Check the following sentences and write true or false.
1- Variable, complement, and literal are all terms used in Boolean algebra.
2- Addition in Boolean algebra is equivalent to the NOR function.
3- Multiplication in Boolean algebra is equivalent to the AND function.
4- The commutative law, associative law, and distributive law are all laws in Boolean
algebra.
5- The complement of 0 is O itself.
6- When a Boolean variable is multiplied by its complement, the result is the variable.
7- “The complement of a product of variables is equal to the sum of the complements of
each variable” is a statement of DeMorgan’s theorem.
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Determine the Boolean expression for a combination of gates.
Evaluate the logic operation of a circuit from the Boolean expression.
3. Construct a truth table.
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Arithmetic circuit
Boolean algebra provides a concise way to express the operation of a logic circuit formed
by a combination of logic gates so that the output can be determined for various
combinations of input values.
Lecture objectives
At the end of this lecture, the student should be able to:
1- Determine the Boolean expression for a combination of gates.
2- Evaluate the logic operation of a circuit from the Boolean expression.
3- Construct a truth table.

Boolean Expression for a Logic Circuit
To derive the Boolean expression for a logic circuit, begin at the left-most inputs toward
the final output, write the expression for each gate.
Example: The Boolean expression for the logic circuits shown below can be determined

using three steps:
D
Ci)
D —
B+ CD
R

_: Step 3
B + CIn
'I_

Constructing a Truth Table for a Logic Circuit
The truth table for a logic circuit can be determined from its Boolean expression by taking
all the possible values of the input variables. The number of possible combinations of the
input variables depends on the number of input variables as follows:
Number of combinations = 270 of variables
Example: For 4 input variables (A, B, C, and D) there are 2* = 16 possible combinations
of values.

Circuit implementation based on simplified Boolean expression
Example: Construct the truth table for the Boolean expression: X = A B,
Solution: The number of variables is 2 therefore there are 4 possible combinations as
shown in table below:

A|B|X=AB
0]0 0
01 1
1]0 0
1]1 0
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Example: Construct the truth table for the Boolean expression:
X =ABC + ABC + ABC + ABC.

Solution: The number of variables is 3 therefore there are 8 possible combinations as
shown in table below:

A|B|C|X=ABC+ ABC + ABC + ABC
0[0]|0 0

0[0]|1 0

0110 0

011 1 ABC
1/0(0 0

1(0]1 1 ABC
1(1]0 1 ABC
1111 1 ABC

Example: Construct the truth table for the Boolean expression: X = A(B +(D),
Solution: The number of variables is 4 therefore there are 16 possible combinations as
shown in table below:

A[B|C|D|x=A(B+ D).
o/o]o]o 0
0/0]0]1 0
olo]1]0 0
0/o0]1]1 0
o[1]0]0 0
0[1]0]1 0
o[1]1]0 0
0111 0
1/ofo0]0 0
1/olo0]1 0
1/o[1]0 0
1|of1]1 1
1[1]0]0 1
1/1]01 1
1110 1
1111 1

Exercise (Lecture 11)
Construct the truth table for the Boolean expressions:
1- X =AB + AB
2. X =A(B+CD)
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1. Apply the laws, rules, and theorems of Boolean algebra to simplify general
expressions.
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Logic Simplification Using Boolean Algebra
A logic expression can be reduced to its simplest form or changed to a more convenient
form to implement the expression most efficiently using Boolean algebra. The approach
taken in this section is to use the basic laws, rules, and theorems of Boolean algebra to
manipulate and simplify an expression.

Lecture objectives
At the end of this lecture, the student should be able to:
Apply the laws, rules, and theorems of Boolean algebra to simplify general expressions.

Boolean simplification.
This lecture presents examples on Boolean simplification and its benefit in designing logic
circuits.
Example: Using Boolean algebra techniques, simplify the following expression and
design the logic circuit before and after the simplification.
X=AB+A(B+C)+B(B+0

Solution:

X=AB+AMB+C)+B(B+0C)

= AB + AB+ AC + BB + BC [Rule 5 AB+AB=AB]
= AB + AC + BB + BC [Rule 7 BB=B]
=AB+ AC+B [Rule 10 B+BC=B]
=AB+ AC+B [Rule 10 AB+B=B]
=B + AC

AB +A(B +C)+B(B +C) 4 B+AC

a
‘—
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Example: Using Boolean algebra techniques, simplify the following expression.
X =[AB(C + BD) + AB]C

Solution:

X =[AB(C + BD) + AB]C

= (ABC + ABBD + 4AB)C [Distributive law]
= (ABC+A.0.D + 4B)C [Rule 8 BB = 0]
= (ABCC + ABC) [Distributive law]
= ABC + ABC [Rule 7 CC=C]

= BC(A + 4) [Rule 6 A+ A =1]
=BC

Example: Using Boolean algebra techniques, simplify the following expression and
design the logic circuit after the simplification.
X =ABC + ABC + ABC + ABC
Solution:
X =ABC+ ABC + ABC + ABC
[ABC+ABC+ABC=ABC]
= ABC + ABC + ABC + ABC + ABC + ABC
=AB(C+C)+ AC(B+B)+ BC(A+ A)
= AB + AC + BC

-

Example: Using Boolean algebra techniques, simplify the following expression and
explain the difference between logic circuit before and after the simplification.
X=A+AB+ABC

Solution:

X=A+AB+ABC=A(1+B+BC)=A.1=4A

Original logic circuit: 2 AND gates, 1 OR gate, 1 inverter; Simplified logic circuit: No
gates (straight connection)
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Example: Using Boolean algebra techniques, simplify the following expression and
explain the difference between logic circuit before and after the simplification.

X =(A+B)C + ABC

Solution:

X=(A+B)C +ABC=AC+BC+ABC=AC+BC(1+A)=C(A+B)

Original logic circuit: 2 OR gates, 2 AND gates, 1 inverter; Simplified logic circuit: 1 OR
gate, 1 AND gate, 1 inverter

Exercise (Lecture 12)
1- Simplify the following Boolean expression:
X =AB + AC + ABC
2- Using Boolean algebra techniques, simplify the following expression and explain the
difference between logic circuit before and after the simplification.
X = ABC(BD + CDE) + AC
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Standard Forms of Boolean Expressions

All Boolean expressions, regardless of their form, can be converted into either of two
standard forms: the sum-of-products (SOP) form or the product-of-sums (POS) form.
Standardization makes the evaluation, simplification, and implementation of Boolean
expressions much more systematic and easier.

Lecture objectives
At the end of this lecture, the student should be able to:
1- Convert Boolean expression to standard SOP form.
2- Convert Boolean expression to standard POS form.
3- Convert standard SOP to standard POS.

SOP form and its domain

The Boolean expression is called SOP when two or more product terms are summed by
Boolean addition.
Example:
X = AB + ABC
X = ABC + CDE + BCD
The domain of X is the set of variables in the Boolean expression. For example, the
domain of AB +A4BC js A, B, and C. The domain of ABC + CDE + BCD js A, B, C, D, and
E.

AND/OR Implementation of an SOP Expression
Implementing an SOP expression simply requires ORing the outputs of two or more AND
gates.
Example:
X = AB + BCD + AC

e
B —

B — |

C —D@— X = AB + BCD + AC
p —

-

C
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Conversion of a general expression to SOP form

Example: Convert each of the following Boolean expressions to SOP form:

1) X = AB+ B(CD + EF)

2) X=(A+B)(B+C+D)

3) X=@A+B)+C
Solution:

1) X = AB + B(CD + EF) = AB + BCD + BEF

2) X=(A+B)(B+C+D)=AB+AC+AD + BB + BC + BD

3) X=(A+B)+C=(A+B).C=(A+B).C=AC+BC

Conversion of product terms to standard SOP form

The conversion to the standard SOP form can be conducted using the following steps:
Step 1: Multiply each nonstandard product term by a term made up of the sum of a
missing variable and its complement.
Step 2: Repeat Step 1 until all resulting product terms contain all variables in the domain
in either complemented or uncomplemented form.
Example: Convert the following Boolean expressions into standard SOP form:
X =ABC+ AB + ABCD
Solution:

AB=AB(C+ ()

D+ ABCD + ABCD
POS form

The Boolean expression is called POS when two or more sum terms are multiplied.
Example:
X=(A4B)(A+B+0)
X=(A+B+C)(C+D+E)B+C+D)

OR/AND Implementation of an POS Expression
Implementing an POS expression simply requires ANDing the outputs of two or more OR
gates.

ou
)

Example:
X=(A+B)B+C+D)A+0O)
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Conversion of sum terms to standard POS form
The conversion to the standard POS form can be conducted using the following steps:
Step 1: Add to each nonstandard product term a term made up of the product of the
missing variable and its complement. This results in two sum terms.
Step 2: Apply the Boolean algebra laws and rules.
Step 3: Repeat step 1 until all resulting sum terms contain all variables in the domain in
either complemented or uncomplemented form.
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Example: Convert the following Boolean expressions into standard POS form:
X=(A4+B+C)B+C+D)A+B+C+D)

Solution:

A+B+C+DD=(A+B+C+D)(A+B+C+D)
B+C+D+AA=(A+B+C+D)A+B+C+D)
X=(A+B+C+D)A+B+C+D)A+B+C+D)A+B+C+D)A+B+C+D)
Converting Standard SOP to Standard POS

The binary values of the product terms in a given standard SOP expression are not present
in the equivalent standard POS expression and vice versa. Therefore, to convert from
standard SOP to standard POS, the following steps are taken:

Step 1: Evaluate each product term in the SOP expression. That is, determine the binary
numbers that represent the product terms.

Step 2: Determine all of the binary numbers not included in the evaluation in Step 1.
Step 3: Write the equivalent sum term for each binary number from Step 2 and express in
POS form.
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Example: Convert the following SOP expression to an equivalent POS expression:

X =ABC + ABC + ABC + ABC + ABC

Solution:

The evaluation of the expression is as follows:

000+010+011+101+111

The numbers that didn’t appear are: 001, 100, 110 therefore the expression in POS form
(where each sum term must equal to 0) is as follows:
X=(A+B+C)(A+B+CO)(A+B+0)

Exercise (Lecture 13)
1- Convert the following Boolean expressions into standard SOP form:
X =WXY +XYZ +WXY
2- Convert the following Boolean expressions into standard POS form:
X=(A+B)B+0)

dnedy ool ol doee Coli L) .J.‘:j 2 olds)



Ministry of Higher Education & Scientific Research
Al-Rasheed University College

Medical Instrumentations Techniques Engineering
Department

ol Codly Jladl @dasdl 8139
daolndl uds i S
dudall 8321 CHlods dwdids uud

4.8 90:p il - s daslyl 8 pololl
14" week : Simplifying logic circuits: fundamentals products, sum of products,

algebraic simplification.

s s Aol B oloeadl LBl
1 e ol CIlall 59 Of dudonll dolg 3 290

1. Convert a standard SOP expression into truth table format.
. Convert a standard POS expression into truth table format.
3. Derive a standard expression from a truth table.
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1. Converting SOP expressions to truth table

N

2. Converting POS expressions to truth table

3. Determining Standard Expressions from a Truth Table
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Boolean expressions and Truth Tables

Standard Boolean expressions can be converted into truth table format using binary values
for each term in the expression. The truth table is a common way of presenting, in a
concise format, the logical operation of a circuit. Also, standard SOP or POS expressions
can be determined from a truth table.

Lecture objectives
At the end of this lecture, the student should be able to:
1- Convert a standard SOP expression into truth table format.
2- Convert a standard POS expression into truth table format.
3- Derive a standard expression from a truth table.

Converting SOP expressions to truth table

Example: Develop a truth table for the standard SOP expression:
X =ABC+ ABC+ ABC
Solution: The number of variables in the Boolean expression is 3 therefore the number of
variables combinations is 8.

A |B | C | X | Product term
0({0(|0 |0

0|01 |1]|ABcC
0[1(01|0

0(1(110

100 |1]|A4BC
1/0(1]0

11010

1(1(1 |1 | ABC

Converting POS expressions to truth table
Example: Develop a truth table for the standard POS expression:
X=(A+B+C)A+B+C0)(A+B+C)(A+B+C)(A+B+0)
Solution: The number of variables in the Boolean expression is 3 therefore the number of
variables combinations is 8.

Sum term
A+B+C
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Determining Standard Expressions from a Truth Table
To determine the standard SOP expression represented by a truth table, list the binary
values of the input variables for which the output is 1. Convert each binary value to the
corresponding product term by replacing each 1 with the corresponding variable and each
0 with the corresponding variable complement.
To determine the standard POS expression represented by a truth table, list the binary
values for which the output is 0. Convert each binary value to the corresponding sum term

by replacing each 1 with the corresponding variable complement and each 0 with the
corresponding variable.

Example: Determine the SOP and POS expressions for the following truth table.

Inputs Output
A B C X
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 1
1 1 1 1
Solution:

SOP expression:

X = ABC + ABC + ABC + ABC

POS expression:
X=(A+B+C).(A+B+C).(A+B+0C).(A+B+0C)
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Example: A four logic-signal 4,B,C, D are being used to represent a 4-bit binary number
with A as the LSB and D as the MSB. The binary inputs are fed to a logic circuit that
produces a logic 1 (HIGH) output only when the binary number is greater than

0110, = 610, Write the output expression in standard SOP and POS forms.

A |B|C|D|X|Productterms | Sum terms
0/0|0|0]O A+B+C+D
0|0j0|1]0 A+B+C+D
0(0|1(0]0 A+B+C+D
0(0|1(1]0 A+B+C+D
0|/1]/0]0]0 A+B+C+D
0|1]/0(1]0 A+B+C+D
0[1]|1]0]0 A+B+C+D
0O|1/1|1 |1 |ABCD

1/0/0|0 |1 |ABCD
1/{0|0|1|1|ABCD
1/0[(1|0|1|ABCD

1/0(1|1 |1 |ABCD
1{1/0|0|1|ABCD
1{1/01|1|1|ABCD

1111|011 |ABCD

1(1(1|1 |1 |ABCD

SOP expression:
X = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
POS expression:
X=(A+B+C+D)(A+B+C+D)(A+B+C+D)A+B+C+D)A+B+C+D)(A+B
+C+D)A+B+C+D)
Exercise (Lecture 14)
1- Develop a truth table for the standard SOP expression:
X = ABC + ABC + ABC
2- Develop a truth table for the standard POS expression:
X=(A+B+C)(A+B+C)(A+B+0)
3- Determine the SOP and POS expressions for the following truth table.
A|B|X

kOO

0
1
1
0

ROk O
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1. Solve different problems on the previously studied subjects.

2. Evaluate the weakness in his/her information in order to focus on overcome the

weakness.
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1. Lecture objectives
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Semester | - Tutorial

This lecture is the final lecture in semester | therefore it presents some examples on the
subjects that have been studied in the previous lectures.

Lecture objectives
At the end of this lecture, the student should be able to:
1- Solve different problems on the previously studied subjects.
2- Evaluate the weakness in his/her information in order to focus on overcome the

weakness.
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1- What weight does the digit 7 have in each of the following numbers?

| 1370 | 6725 | 7051  58.72 |
Answer:
|10 | 100 | 1000 (0.1 |

2- Express each of the following decimal numbers as a sum of the products obtained by
multiplying each digit by its appropriate weight:
| (a) 51 | (0)137 [ (c)1492 | (d)106.58 |

Answer:

(@) 51=5x10 + 1x1

(b) 137=1%100 + 3x10 + 7x1

(c) 1492 = 1x1000 + 4x100 + 9x10 + 2x1

(d)106.58 = 1x100 + 0x10 + 6x1 + 5x0.1 + 8x0.01
3- Convert the binary number 1101101 to decimal.
Answer:
1x204+1x254+0x24+1x23+1x22+0x214+1x 20
= 64+32+8+4+1=109
4- Convert the fractional binary number 0.1011 to decimal.
Answer:
1x21 +0x22 +1x23 +1x24 = 0.5+0.125+0.0625 = 0.6875
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1- Convert the following decimal numbers to binary:

(a) 12 (b) 82
Answer: (a) 1100 (b) 1010010

Division by 2 | Quotient Remainder
12 +2 6 0 (LSB)
6+2 3 0

3+2 1 1

1+2 0 1(MSB)
Division by 2 | Quotient Remainder
82+2 41 0 (LSB)
41 +2 20 1

20+ 2 10 0

10+2 5 0

5+2 2 1

2+2 1 0

1+2 0 1(MSB)

2- Convert the following binary numbers to hexadecimal: (a) 1100101001010111
(b) 111111000101101001
Answer: (a) (CA57)1s (b) (3F169)1
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1- Convert the following decimal numbers to BCD:
(@) 35 (b) 98 (c) 170
Answer:
(@) 35 =0011 0101 (in BCD)
(b)98 = 1001 1000 (in BCD)
(c) 170 = 0001 0111 0000 (in BCD)
2- Convert the following BCD to decimal:
(a) 10000110 (b) 001101010001
Answer:
(a) 1000 0110 =86
(b)0011 0101 0001= 351

3- Convert the following binary numbers to Gray code:

(a) 1100 (b) 1010
Answer: (a) 1100,= 1010 Gray (b) 1010,=1010 Gray
4- Convert the following Gray codes to binary:

(a) 1000 (b) 11101
Answer: (a) 1000 Gray = 1111,

(b) 11101 Gray = 10110,
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