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In general digital system is defined as the system that takes a set 

of discrete inputsand discrete internal stateand generates a set 

of discrete outputs.

Definition
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The “No State Present” digital system is also called 

Combinational Logic system and its outputs depend only on the 

current input values.

For the “State Present” digital system, the outputs depend on 

both the current input values and the current state of the system.

Types of Digital Systems

Digital System

No State Present State Present
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Types of Digital Systems

Digital System

No State Present State Present

Synchronous 

Sequential

Asynchronous 

Sequential

In “Synchronous Sequential” systems, system states are updated 

only at discrete times. While in the “Asynchronous Sequential” 

systems, system states can be updated at any time.
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Example (1)
Determine the type of the counter shown below
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Digital Computer
The Memory stores the programs 

(set of instructions) and the data. 

The control unit retrieves the 

instructions, one by one, from the 

program stored in the memory.

The Control Unit manipulates the 

Datapath to perform arithmetic 

and logic operations as specified 

by each instruction. 
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Digital Computer
Datapath and Control Unit forms 

the Central Processing Unit 

(CPU).

The program and data prepared 

by the user are transferred into 

memory by means of an input 

device such as a keyboard. 

An output device, such as LCD or 

speakers is usually used topresents the results of the computations 

to the user.
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Example (2)
Determine the type of the digital computer shown below
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Definition
Systems are usually deal with either physical parameters or man-

made parameters

Physical parameters (temperature, pressure, …) are usually 

continuous (analog)signals which is capable of taking on all 

possible values over a defined range.

Man-made parameters (business records, currencies, …) are 

usually discrete in nature which is capable of taking on finite 

number of values in a defined range.

For Digital Systems, the variables take on discretevalues. 
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Definition
The signals in most present-day electronic digital systems use just 

two discrete values and are therefore said to be Binary . 

The Binary values are represented abstractly by:

Digits 1 0

Words (symbols)

True (T) False (F)

High (H) Low (L)

ON OFF
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Definition
Physically, the binary values are represented by values or ranges 

of values of physical quantities 

Physical Quantities

CPU Voltage

Hard Disk
Magnetic Field 

Direction

CD Surface Pits/Light

Memory Electrical Charge
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Number Systems

Decimal Number System
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Number Systems

Most Significant Digit (MSD) Least Significant Digit (LSD)
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Number Systems

To distinguish between numbers of different bases, it is customary 

to enclose the coefficients in parenthesesand place a subscript

after the right parenthesis to indicate the base of the number

radix 10 Decimal

radix 2 Binary

radix 8 Octal

radix 16 Hexadecimal
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Example (3)
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Number Systems

Binary Number System
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Number Systems

Binary Number System
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Number Systems

Binary Number System
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Example (4)
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Number Systems

Octal Number System
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Number Systems

Octal Number System

The conversion from octal to binary 

can be done directly by replacing 

each digit of the octal number with 

the correspondent three binary digits
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Number Systems

Octal Number System
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Number Systems

Hexadecimal Number System
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Number Systems

Hexadecimal Number System
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Number Systems

Conversion from Decimal to Other Bases
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Example (5)

Quotients Remainder
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Example (5)

Integer Fraction
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Example (5)

Decimal Binary

Step (1)

Step (2)

Step (3)
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Example (6)

Quotients Remainder
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Example (6)

Integer Fraction
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Example (6)

Decimal Octal

Step (1)

Step (2)

Step (3)
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Single Bit Binary Addition with Carry
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Single Bit Binary Addition with Carry
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Multiple Bit Binary Addition

Carry

Augend

Addend

Sum
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Single Bit Binary Subtraction with Borrow
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Single Bit Binary Subtraction with Borrow

39



Arithmetic Operations 

Dr. Mohamed Refky

Multiple Bit Binary Addition

Borrows

Minuend

Subtrahend

Sum
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Binary Multiplication

Multiplicand

Multiplier

Product
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Definition
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Decimal Codes
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Decimal Codes

Binary Coded Decimal (BCD), also called 8,4,2,1 code, is the 

simplest, most intuitive binary code for decimal digits

Decimal Gray
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Decimal Codes
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Decimal Codes

Do NOT mix up conversion of a decimal number to a binary 

number with coding a decimal number with a BCD code.

Conversion Coding
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Alphanumeric Codes
Many applications of digital computers require the handling of 

data consisting not only of numbers, but also of letters.

Any alphanumeric character set for English is a set of elements 

that includes the 10 decimal digits, the 26 letters of the alphabet, 

and the special characters (@,#,$,%, …).

If both uppercase letters and lowercase letters are included in the 

set, a binary code of at least 7 bits is needed.
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Alphanumeric Codes

American Standard Code for Information Interchange (ASCII) is 

the standard binary code for the alphanumeric characters. 

ASCII uses 7 bits to code 128 characters categorized as:

Á94 Graphic printing characters:the 26 uppercase letters, 

the 26 lowercase letters, the 10 numerals, and 32 special 

printable characters

Á34 Non-printing characters:these characters are used for 

routing data and arranging the printed text into a 

prescribed format

ASCII Character Code
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Alphanumeric Codes

Unicode was developed as an industry standard for providing a 

common representation of symbols and ideographs for the most of 

the world’s languages

Unicode provides a unique number called a code point for each 

character, as well as a unique name. 

A common notation for referring to a code point is the characters 

“U+” followed by the four to six hexadecimal digits of the code 

point

Unicode Character Code

Digit zero
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Alphanumeric Codes

The first 128 code points of Unicode, from (U+0000 to U+007F) 

correspond to the ASCII characters

Unicode Character Code
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