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OUTCOMES

At the end of this lecture, students will know;

* Basic concept of BCD and addition of BCD.

* Ascii code.
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BCD

Definition:

» BCD (Binary-Coded Decimal) is a way of encoding each digit of a decimal
number separately using a fixed number of binary bits.

» Binary-Coded Decimal (BCD) is a representation method used to encode
decimal digits using binary digits (Os and 15s).

» One of the earlier method of encoding decimal numbers.

» A 4-bit BCD (Binary Coded Decimal) can represent a total of 16 different
characters. Each of the 4 bits can have two possible values (0 or 1), so there
are a total of 274 = 16 possible combinations. However, in BCD, only the
values from 0 to 9 are used to represent decimal digits.




BCD....

Definition:
» Binary coded decimal (BCD) is a system of writing numbers that assigns a
four-digit binary code to each digit 0 through 9 in a decimal (base-10)

numeral.
» The four-bit BCD code for any particular single base-10 digit is represented as

follows:

* 0=0000 5=0101

* 1=0001 6=0110

« 2=0010 7=0111

« 3=0011 8 = 1000

* 4=0100 9=1001
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BCD Exercise....

Question: write 4-bit and 6-bit BCD codes for the following decimal
numbers?

1) 5

2) 56 = 0101 0110 (one is done for you) (000101 000110 6-bit BCD)

3) 90

4) 23

5) 11

6) 34
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BCD Exercise....

Question: find the decimal numbers represented by following BCD codes?
1) 00000111 1001 (4 bit BCD) Answer: 079
2) 001001 000000 000100 (6 bit BCD) Answer : 904
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BCD....

How BCD works::

In BCD, each decimal digit (0-9) is represented by its 4-bit binary equivalent.
This means each decimal digit 1s encoded using exactly four binary bits.
Example:

Let's take the decimal number 362. In BCD, each digit is encoded separately:

31s 0011 in BCD (binary representation of 3).

6 1s 0110 in BCD (binary representation of 6).

2 1s 0010 in BCD (binary representation of 2).

To represent a multi-digit number 362 in BCD, you group the BCD codes of each
digit together. So, for 362, the BCD representation would be 0011 0110 0010.




Why BCD is used ?

1.Advantages:

1.BCD is simple to understand and work with because it directly
represents decimal digits.

2.1t's easy to convert BCD to decimal and vice versa.

2.Disadvantages:

1. The major drawback of 4-bit BCD representation is that it can
represent the decimal numbers only and cannot represent the
various characters.

3.Usage:

1.BCD is often used in applications where decimal calculations are
needed, like calculators and financial systems, because it makes it
easier to perform arithmetic operations with decimal numbers.
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BCD to decimal and decimal to BCD conversions

Conversions:

1) BCD to Decimal: To convert BCD to decimal, you group the BCD bits in sets
of four and convert each set to its decimal equivalent.

i.e.

BCD: 0101 0010

Decimal: 5 2

2) Decimal to BCD: To convert decimal to BCD, you break down each decimal
digit into its 4-bit binary equivalent and combine them.

1.e.

Decimal: 7 6

b\
BCD: 01110110
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Standard BCD versus 6-bit BCD

» A 6-bit BCD (Binary Coded Decimal) is a binary encoding scheme used e

to represent decimal numbers using 6 bits of binary data for each
decimal digit.

» In standard BCD, each decimal digit is represented by a 4-bit binary
code. However, in some cases, 6-bit BCD is used to represent decimal
digits, allowing for a larger range of values to be encoded.

» 6-bit BCD can encode in binary the 10 digits from 0 to 9, all 26
alphabets and 28 special characters.

» With 6 bits, you have a total of 26 = 64 possible combinations.




Alphanumeric Code
What is Alphanumeric Code ?

» Alphanumeric codes are a way for computers to represent a wide range of
characters using a set of symbols or numbers. The term "alphanumeric"
combines "alpha" (for letters of the alphabet) and "numeric" (for numbers),
indicating that these codes can handle both letters and numbers, as well as
other special characters.

Representation:

» Alphanumeric codes provide a mapping between characters (letters, numbers,
symbols) and binary numbers (Os and 1s) that computers can understand. Each
character 1s assigned a unique binary-code, which the computer uses to
identify and process the character.

» The most common alphanumeric codes used these days are ASCII code,
EBCDIC code, and UNICODE.
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Alphanumeric Code uses

» Communication and Storage: Alphanumeric codes are essential for communication

ol o

between computers and devices. When you type on a keyboard, the letters you press are o buverart
translated into alphanumeric codes that the computer processes. Similarly, when you
save a document or send a message, the text is stored or transmitted using these codes.
» Display: Computers also use alphanumeric codes to display characters on screens. The
codes are converted back into recognizable characters so that you can read what's being
shown on your device.
» alphanumeric codes serve as a bridge between human-readable characters and
computer-understandable binary data. They enable computers to handle and interpret
text, numbers, and symbols, allowing us to interact with technology in meaningful ways,

from typing and messaging to creating documents and browsing the internet.
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ASCII Codes

ASCII Code:

» One of the most well-known alphanumeric encoding systems is ASCII
(American Standard Code for Information Interchange).

» In ASCII, each character is represented by a 7-bit code, allowing for a total of
128 different characters. This includes uppercase and lowercase letters,
numbers, punctuation marks, and control characters (like Enter or Tab).

» ASCII (American Standard Code for Information Interchange) is the most

common character encoding format for text data in computers and on the
internet.

L ah” N2 NN T N TNy
K4\ N2 "'\‘\“‘ A"ﬁ'\-‘ﬂ “‘ N



ASCII control ASCII printable

characters characters
o0 ML (Mull character) 32 space 54 @ 95 -
o 504 (Start of Header) S ] r 55 F.Y Lt a
AS CII o2 ST (Start of Text) 34 s GG B a5 b
o3 ETX (End of Text) 35 # = [ 9% [ o ST Sings
04 ECT fEnd of Trans.) 3G 5 (ST B ] 130 o KARDAN UNIVERSITY
C d o5 ErNC [Enguiry) 37 S 59 E 101 e
O es [#]=3 A (Acknowledgement) 35 B ¥ F 102 f
or BEL W=T=115 39 = 1 = TG3 o]
o8 BS {BEackspace) 40 { T H 104 ]
o9 HT {Horizontal Tab) 21 ) T3 I 105 i
10 EE (Lime fead) 42 = e = | 106 i
11 W (Wertical Tab) 43 - =" [ ¥ 107 k
12 EE {(Form fead) 2.4 = L 105 1
13 CR (Carriage return) 45 = Tr [ 1% ] 109 pn ]
14 50 {Shift k) 45 - =3 N 110 n
15 51 {Shft In} 4T ! To (e 111 o
16 DLE {Drata link escapea) 45 o 20 P> 112 P
17 B> (Dewvice contral 1) A4S 1 81 L ] 113 o
18 DC2 (Dewvice control 2) 50 2 82 R 114 r
19 O3 (Device control 3) 51 3 33 s 115 =
20 D (Device control 43 52 4 54 T T1& T
21 Pl (FHegative aclknowl ) 53 i ] 85 L 117 u
22 S (Synchronous idla) 54 [+ el W 118 LY
23 ETEBE (End of trans_ block) 55 il a7 v 1159 W
24 AN {Cancel) 56 a8 88 -4 120 - 4
25 EM {End of medium) 57 9 289 " 121 b
26 SUB {Substitute) 55 = 90 = 122 z
27 ESi (Escaps) 5% s 91 L 123 £
28 E=S (File separator) 50 = LT P L] 124 |
29 55 (Eroup separator) 51 = 93 1 125 }
30 RS {Record separator} o2 = 04 ~ 126 —
31 s (LNt separator) o3 g g5 _
12F DEL (Delete)
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ASCIl encoding can encode?

The ASCIl (American Standard Code for Information Interchan%e) encoding method encodeSKawe'l‘zERs'”
of 128 characters using 7-bit binary code. These characters include:

Control characters (codes 0-31): These are non-printable characters used for control and
communication purposes, such as carriage return (CR), line feed (LF), tab (TAB), and others.

Printable characters (codes 32-127): These include letters (both uppercase and lowercase),
numbers, punctuation marks, and some special characters like the space character.

Uppercase letters: A-Z (Codes 65-90)

Lowercase letters: a-z (Codes 97-122)

Digits: 0-9 (Codes 48-57)

Space: (Code 32)

Punctuation marks: ., ;:!?"'" (and more)

Special characters: @ #5S% & *() _+-=/\|[]{}<>and more

ASCIll is a 7-bit encoding system, so each character is represented using a 7-bit binary code. It was
widely used in early computer systems and is still used as a basis for character encoding in modern
systems, especially for the first 128 characters.
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EBCDIC

* EBCDIC, which stands for Extended Binary Coded Decimal Interchange
Code, is a character encoding scheme .

* Encoding Format: EBCDIC is an 8-bit encoding scheme, which means it
uses 8 bits (or one byte) to represent each character. This allows for a
total of 256 possible characters, including letters, numbers, special
symbols, and control codes.

* EBCDIC is a character encoding scheme that was developed by IBM for its
mainframe and midrange computer systems. While it played a crucial role
in early computing, its usage has significantly declined in favor of ASCI|
and Unicode on modern computing platforms.
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The character that can be encoded by EBCDIC

“*EBCDIC (Extended Binary Coded Decimal Interchange Code) is another character encoding
method, primarily used in early IBM mainframe computers. oS oy—sng

the characters encoded by EBCDIC:

v'Uppercase letters: A-Z

v'Lowercase letters: a-z (in some variations)

v Digits: 0-9

v'Punctuation marks: ., ;:!?"'" (and more)

v'Special characters: @ #S% & * () _+-=/\|[1{}<>and more

NOTE: EBCDIC encoding varies slightly between different EBCDIC code pages or versions, and
there were several variations used in different regions and for different purposes. For example
EBCDIC-US, EBCDIC-UK, and EBCDIC-FR were used in the United States, the United Kingdom,
and France respectlvely

EBCDIC is less common today than ASCII or UTF-8 encoding. Modern computer systems and
programming languages typically use ASCII or Unicode-based encodings like UTF-8, which can
represent a much wider range of characters from various languages and scripts, maklng them
more suitable for internationalization and modern computing needs.
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Extended Alphanumeric Codes(Unicode encoding system)

» Extended alphanumeric encoding systems are expansions of traditional character

O35 & il 92
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encoding schemes, like BCD, ASCII (American Standard Code for Information
Interchange), that allow for a broader range of characters to be represented,
including special characters, symbols, and characters from various languages and

writing systems.

» Extended alphanumeric encoding systems, particularly those based on Unicode like UTF-8, UTF-
16, and UTF-32, allow computers to handle a wide range of characters from different languages,
writing systems, and symbols. These encoding systems play a crucial role in modern

communication, data storage, software development, and global information exchange.
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Unicode encoding system

* Unicode came into existence to express a huge variety of characters that
include letters, numbers, symbols, and even special characters from
different languages, like smiley faces and hearts. It's a way to make sure
that computers can handle text in lots of languages

e Unicode uses a variable number of bits (usually 8, 16, or 32 bits) to
represent characters from different writing systems worldwide.

* In Unicode Each character is assigned a unique pattern of Os and 1s that
the computer can easily recognize.
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Unicode uses

> Uses of Unicode

»Language Support: Unicode makes it p055|ble for you to type, read, and display text in
different languages. So, whether you're writing in English, Chinese, Arabic, or any
ort]her language, Unicode helps your computer understand and show the rlght
characters.

* International Communication: When you send an email or a text message to someone
from another part of the world, Unicode ensures that the characters in your message
are correctly displayed on their end.

* Operating Systems: Windows, macQOS, Linux.

* Programming Languages: Python, Java, JavaScript, C++, etc.
* Web Development: HTML, CSS, JSON, XML.

* Databases: Supports multilingual data storage and retrieval.
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Unicode uses

»Digital Content: Websites, apps, and social media platforms use Unicode
to show text and symbols correctly. This means you can post and view
content in various languages and scripts without any issues.

»In summary, Unicode is like a language translator for computers. It lets
them understand and work with text from all corners of the world, making
communication, content creation, and digital interaction possible across
languages and cultures.

» Unicode enabled multilingual computing, enabled the coexistence of
various languages within a single system. In the context of Digital Logic
Design (DLD), Unicode serves as a cornerstone for character
representation and processing.
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Unicode variant
»UTF-8 (Unicode Transformation Format - 8-bit) It can represent all Unicode=*

characters using one to four bytes. "UTF-8 encodes a character into a binary ="
string of one, two, three, or four bytes.“UTF-8 can represent over 1 million

different characters.

»UTF-8 encoding is its backward compatibility with ASCII. The first 128
characters in the Unicode library match those in the ASCII library, and UTF-8
translates these 128 Unicode characters into the same binary strings as ASCII.

»UTF-8 is widely used on the internet due to its efficiency in encoding common
characters while accommodating a broad range of characters.

»UTF-16 (Unicode Transformation Format - 16-bit): UTF-16 uses 16-bit units
and can represent all Unicode characters using one or two 16-bit units (2 or 4
Eytes). "UTF-16 encodes a Unicode character into a string of either two or four

ytes.”

»UTF-16 can theoretically represent over 65,000 different characters using two
16-bit units (2 bytes) per character.
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Unicode variants....

UTF-32 (Unicode Transformation Format - 32-bit)

»UTF-32: Like the other variants, it can represent all Unicode characters,
using a fixed 32-bit unit (4 bytes) for each character. UTF-32 is less
commonly used due to its higher memory requirements.
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Unicode variants differences

»In terms of their ability to represent characters, all these Unicode encoding
variants are equal. The choice between them usually depends on factors
like memory efficiency, platform compatibility, and performance
requirements.

* Practical Usage:

* UTF-8 is dominant for web content and data interchange due to its space
efficiency and compatibility.

 UTF-16 is used in Windows systems and certain programming contexts.

* UTF-32 is rarely used outside of specialized applications requiring
consistent memory usage
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Unicode variants differences

»UTF-8 is backward-compatible with ASCII, making it suitable for
systems and applications that rely heavily on ASCII characters.

»UTF-16 1s used extensively in Windows systems and some programming
languages, where two-byte units can represent a substantial portion of
characters.

»UTF-32 is less commonly used due to its memory requirements
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Unicode character set

» The Unicode character set refers to a standardized collection of characters,
symbols, and special characters that have been assigned unique code points
(numeric 1dentifiers) for representation in digital systems.

» This character set is designed to include characters from various languages,
writing systems, symbols, emoji's, and more, with the aim of enabling
multilingual computation.

» As of Unicode 14.0, which was released in September 2021, the Unicode
standard defines over 143,000 characters.
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Unicode character set......

»It's important to note that the Unicode character set is continually evolving.
With each new version of the Unicode standard, new characters may be
added to accommodate the needs of global communication, technical
requirements, and cultural representation.

» All major Unicode encoding variants (UTF-8, UTF-16, and UTF-32) are
capable of representing the entire range of characters defined by the
Unicode standard.

» The differences between these variants lie in their encoding mechanisms
and memory usage, not in the number of characters they can represent.
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Space taken by UTF encoding schemes
UTF-8:
v'Uses 1 byte for most common characters, including ASCII characters (0-127).

v'Can use 2, 3, or 4 bytes for less common characters, allowing it to represent a wide range
of characters from different scripts and symbols.

UTF-16:

v'Uses 2 bytes (16 bits) for most characters, including many common international
characters.

v'Uses 4 bytes (32 bits) for less common characters and certain special characters
represented by surrogate pairs.

UTF-32:
v'Uses a fixed 4 bytes (32 bits) for every character, regardless of its rarity or uniqueness.

v'Provides a consistent and simple encoding scheme but may be less memory-efficient
than UTF-8 or UTF-16 for text that primarily consists of common characters.
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Space taken by UTF........

»In summary, UTF-8 and UTF-16 are variable-length encodings, with UTF-8
being more space-efficient for common characters, while UTF-32 is a
fixed-length encoding where every character occupies 4 bytes.

» The choice of encoding depends on the specific requirements and the
range of characters that need to be represented.




KARDAN UNIVERSITY

Thank You...!




