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Introduction to Digital and Computer System 

Design

Lecture 1: Digital Information Representations III

Jetic Gū



Overview
• Focus: Number Systems


• Architecture: Digital Circuits


• Textbook v4: Ch1 1.4, 1.5, 1.6; v5: Ch1 1.5, 1.6, 1.7


• Core Ideas:


1. Alphanumeric Codes, ASCII, UTF8, Parity Bit


2. Lecture 1 Review



Number Systems

• Base N number systems


• Binary, Octal, Hexadecimal systems


• Arithmetics, Conversions


• Signed and Unsigned Integers


• Bit, Byte, Representation ranges
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Alphanumeric Codes
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Decimal Codes, ASCII, UTF8, Parity Bit



Binary Coded Decimal

• Decimal numbers, each digit represented in 4bit binary, but separately


• 185 = (0001 1000 0101)BCD = (10111001)2 


• Used in places where using decimals directly is more convenient, such as 
digital watches etc.
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Binary Coded Decimal
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4
44 8
8 9

79 3

+

Original Decimal

11 0Carry

Sum



Binary Coded Decimal
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4
44 8
8 9

79 3

+

In BCD

11 0BCD Carry

BCD Sum

1 1 0

0100 0100 1000

0100 1000 1001

1001 0011 0111

01001 01002 10003

01004 10005 10016

1001 0011 0111



1001610003

Binary Coded Decimal
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4
44 8
8 9

79 3

+

In BCD

11 0BCD Carry

BCD Sum

1 1 0

0100 0100 1000

0100 1000 1001

0011 0111

)BCD + (( )BCD)BCD = ( 1001 0011 011101001 01002 01004 10005

1001



ASCII

Dem
o

P1

Alphanumerics

• American Standard Code for Information Interchange


• Assign each character with a 8bit binary code (e.g. '0'-'9', 'A'-'Z', 'a'-'z')


• The first bit is always 0



ASCIIP1
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1. https://3.bp.blogspot.com/-EmmXIc6wNRI/WauyBOCusUI/AAAAAAAAAk8/Wodt0iDmaQowu3XuaHcIGCVes-75E7URgCLcBGAs/s1600/ASCII%2Bcode.png

'0' = 48
'A' = 65

Dem
o

'a' = 97
0-31: control  
         chars



ASCII

• Content of 1.txt on your hard disk (if encoded with ASCII)


• Text: Hello


• Hex: 4865 6C6C 6F0A       // 0A is the end of file symbol


• Bin: 01001000 01100101 01101100 01101100 
     01101111 00001100
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• Unicode Transformation Format


• Extends ASCII with more characters, including accented letters (e.g. ’Ä’, 'Ö', 
'Ü'), most languages (e.g. Chinese), and emoji


• Variable width character encoding (8bit to 32bit)


• First 128 characters of Unicode exactly the same as ASCII


• valid ASCII text is valid UTF-8-encoded Unicode
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Number 
of bytes

Bits for 
code point

First 
code point

Last 
code point Byte 1 Byte 2 Byte 3 Byte 4

1 7 U+0000 U+007F 0xxxxxxx

2 11 U+0080 U+07FF 110xxxxx 10xxxxxx

3 16 U+0800 U+FFFF 1110xxxx 10xxxxxx 10xxxxxx

4 21 U+10000 U+10FFFF 11110xxx 10xxxxxx 10xxxxxx 10xxxxxx
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• For error detection in data communication


• e.g. resulting from packet loss or other forms of interference


• One parity bit for n-bits


• An extra even parity bit: whether the number of 1s is not even


• An extra odd parity: whether the number of 1s is not odd


• Can be placed in any fixed position


• Does it always work?



Parity CodeP1
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Original 7bits with Even parity with Odd parity

1000001 01000001 11000001

1010100 11010100 01010100



Summary

• Digital representation of strings


• BCD


• ASCII, UTF8


• Parity Code
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Lecture 1 Review
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With exercises!



Circuits

• Circuits


• Digital and Analog


• Integrated systems


• Von Neumann computers


• Embedded systems
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Number Systems

• Number systems of base N


• Binary systems


• Octal and Hexadecimal systems


• Arithmetics
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Number Systems in DC

• Bit, Byte, Representation ranges


• Signed and Unsigned Binary Integers


• BCD, ASCII, UTF8


• Parity bit
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Digital to Analog Conversion

• Frequency: number of cycles per second


• Sample rate: number of samples per unit time


• Bitrate: number of bits per second
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Exe 0

• All the exercises in the slides, come up with variations on your own and solve 
them.


• Especially conversions
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Exe 1

• What is the biggest number representable by the following bits of unsigned 
binary integers?


• 10 bits; 24 bits


• How about signed?


• How about signed with parity code?


• What if with BCD?
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Exe 2

• Recall in analog-to-digital conversion, the two important factors influencing 
the resulting quality: sampling rate and bitrate


• What happens if bitrate is constant, and sampling rate is increased?


• What happens if sampling rate is constant, and bitrate is increased?
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Exe 3

• Without compression and any metadata, estimate the file size of a 5 min audio 
with the following parameters


• sampling rate: 44100; bitrate: 192 Kbps


• How many bits for each sample?
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Exe 4

• Show the bit configuration that represents the decimal number 240 in


A. binary


B. BCD


C. ASCII


D. ASCII with odd parity
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