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Digital Systems

Definition

In general digital system is defined as the system that takes a s
of discrete inputsanddiscrete internal stateand generates a set

of discrete outputs

Discrete Information
Processing
System

Discrete
Inputs

b1

System State

Discrete
Outputs



Digital Systems
Types of Digital Systems

Digital System

I
v v

No State Present State Present

The “No State Preseht digital system is also called

Combinational Logic system and its outputs depenidy on the
current input values.

For the“State Presehtdigital system, the outputs depend on
both the current input values and tbgrrent state of the system.



Digital Systems

Types of Digital Systems

Digital System
I

v v
No State Present State Present
I
v v
Synchronous Asynchronous
Sequential Sequential

In “Synchronous Sequentiasystems, system states are updated
only at discrete times. While in the' Asynchronous Sequential
systems, system states can be updataady time.



Digital Systems

Example 1)

Determine the type of the counter shown below

Count Up —

Recei ——]0 0 1135 6 4

Inputs: Count Up, Reset
Outputs: Visual Display
State: "Value" of stored digits

Synchronous or Asynchronous?



Digital Systems

Digital Computer

The Memory stores the programs

(set of instructions) and the data.

The control unit retrieves the
instructions, one by one, from th
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 Systems

Digital Computer

Datapath and Control Unit forms
the Central Processing Uni
(CPU).

Memory

Y

The program and data prepare
by the user are transferred int

Control
Unit

Y

A

Datapath

memory by means of an inpu
device such as a keyboard.

An output device, such as LCD or

Y

Input/Output

speakers is usually usedpesents the results of the computations

to the user.
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Digital Systems

Example P)
Determine the type of the digital computer shown below
Memory
h Y
CPIL C(E;:]tirtd B Datapath
b
Y
Input/Output
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Information IRepresentation

Definition

Systems are usually deal with either physical parameters or mar
made parameters

Physical parameters (temperature, pressurg, are usually
continuous (analog)signals which is capable of taking il
possiblevalues over a defined range.

Man-made parameters (business records, currencies,are
usually discrete in nature which is capable of taking dinite
number of values in a defined range.

For Digital Systems, the variables takedscretevalues.



Information IRepresentation

Definition
The signals in most preseady electronic digital systems use just
two discrete values and are therefore said tBinary .

The Binary values are represented abstractly by:

Digits 1 0
True (T) False (F)
Words (symbols)| High (H) Low (L)
ON OFF




Information IRepresentation

Definition

Physically, the binary values are represented by values or range
of values of physical quantities

Physical Quantities

CPU \oltage
Hard Disk Mag_netlg Field
Direction
CD Surface Pits/Light

Memory Electrical Charge



Information IRepresentation

Number Systems
Decimal Number System

The decimal number system is said to be of base or radix 10,
because the system uses 10 distinct digits and each digit are
multiplied by powers of 10 depending on its position in the
number.

For example, the string 724.5 is interpreted as
7x10%24+2%x10+4x10°+5x%x 1071

The convention is to write only the digits and infer the
corresponding powers of 10 from their positions.
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Information IRepresentation

Number Systems
Radix r System

A number in base r contains r digits (0, 1, 2, . . ., r — 1) and is
expressed as a power series in 7 of the form

Ay XTP L+ A X712 4o+ Ay X 10
+A_1 X T_l + -+ A_m+1 X T_m+1 + A_m X r—m
When the number is expressed in positional notation, only the

coefficients and the radix point are written down

Ap 1Ay g AgA_y A1 A
~— ~—

Most Significant Digit (MSD) Least Significant Digit (LSD)
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Information IRepresentation

Number Systems
Radix r System

To distinguish between numbers of different bases, it is customar
to enclose the coefficients parenthesesand place aubscript
after the right parenthesis to indicate the base of the number

(724.5)1, radix 10 Decimal
(110101.11), radix 2 Binary
(312.4)g radix 8 Octal
(3B2.4E) 4 radix 16 Hexadecimal




Information IRepresentation

Example B)

Expand the number (312.4):and convert it into a decimal
number

To expand the number (312.4)< , write it as a power series in 5
(312.4)s =3 x5+ 1x5 ' +2x5°+4 x5!

To convert the number (312.4); into a decimal number, replace
5% with its decimal equivalent number

(3124): =3X25+1X5+2X1+4x0.5
=75+5+ 2+ 0.8 = (82.8)4,
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Information IRepresentation

Number Systems
Binary Number System

The binary number system is a base 2 system with two digits (0
and 1).

(11010), = 1x2*+1x23+0x22+1x 21 +0x 2°

When a bit is equal to 0, it does not contribute to the sum during
the conversion to a decimal equivalent. Therefore, the conversion
to decimal can be obtained by adding the numbers with powers of
two corresponding to the bits that are equal to 1.

(110101.11), =32+16+4+ 1+ 0.5+ 0.25 = (53.75)4,
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Information IRepresentation

Number Systems
Binary Number System

n 2" n 2"

0 1 6 64

1 7 128
2 4 8 256
3 9 512
4 16 10 1024
5 32

In Digital Systems, 2!° is referred to as K (kilo), 220 as M
(mega), 230 as G (giga), and 2*° as T (tera).



Information IRepresentation

Number Systems

Binary Number System

32

4K = 22 x 219 =212 = 4096

n 2" n 2"

0 1 6 64

1 7 128
2 4 8 256
3 9 512
4 16 10 1024
5

16M = 2* x 229 = 2%2* = 16777216



Information IRepresentation

Example §)

Convert the number (625),, into its binary representation

The conversion of a decimal number to binary can be achieved by
successively subtracts powers of two from the decimal number.

625 29 =512 625 —512 = 113
113 26 = 64 113 — 64 = 49
49 2° =32 49 — 32 =17

17 2% =16 17—-16 =1

1 20 =1 1-1=0

(625)10 = 22+ 2%+ 2° + 2% +2° =(1001110001),
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Information IRepresentation

Number Systems
Octal Number System

The octal number system is a base 8 system with 8 digits
(0,1,2,3,4,5,6 and 7).

(127.4)g =1x8%2+2x81+7x8°+4x81=(87.5),
=1x204+2%x234+7x2%+4x%x273
=204+42"+(4+2+1)x2°+271
=20+2%+22+28 +2°+ 271
= (1010111.1),



Information IRepresentation

Number Systems
Octal Number System

The octal number system is a base 8 system with 8 digits
(0,1,2,3,4,5,6 and 7).

000
(127.4)g = (1010111.1), 001
=(001010111.100), 010

1 2 7 4 011

100
101
110
111

The conversion from octal to binary
can be done directly by replacing
each digit of the octal number with
the correspondetiiree binary digits

Nl |l W IN|E=]O




Information IRepresentation

Number Systems
Octal Number System

The conversion from binary to octal is done by partitioning the
binary number into groups of three bits each, starting from the
binary point and proceeding to the left and to the right.

(10110001101011.11110000011), = (26153.7406)4
(010110001101011.111100 000 110),

The more compact representation of binary numbers in octal is
much more convenient for people than using bit strings in binary
that are three times as long.

Dr. Mohamed Refky 25



Information IRepresentation

Number Systems
Hexadecimal Number System

The hexadecimal number system is a base 16 system with 16
digits (0,1,2,3,4,5,6,7,8,9,A,B,C,D,E and F).

(B65F);4 =B x 16%+ 6 x 162+ 5x 161 + F x 16°
=11x16*+6 X162 +5x 16! + 15 x 16° = (46687),,

The conversion from hexadecimal to binary can be done directly
by replacing each digit of the hexadecimal number with the
correspondent four binary digits

(B65F), = (10110110 0101 1111),
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Information IRepresentation

Number Systems
Hexadecimal Number System

The conversion from binary to hexadecimal 1s done by
partitioning the binary number into groups of four bits each,
starting from the binary point and proceeding to the left and to the
right.

(0010110001101011.111100000110), = (2C6B.F06)4,¢
(0010110001101011.1111 0000 0110),
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Information IRepresentation

Number Systems
Conversion from Decimal to Other Bases

The conversion of a decimal number to a number in base r is
done over three steps:

1) Conversion of the integer part: divide the number and all
successive quotients by 7 and accumulating the remainders in
reverse order of their computation.

2) Conversion of the fraction part: multiply the number and all
successive fractions by r and accumulating the integers in the
order of their computation.

3) Join the two results with a radix point.
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Information IRepresentation

Example b)

Convert (41.6875), to its binary equivalent number

1) Conversion of the integer part: divide 41 and all successive
quotients by 2 and accumulating the remainders in reverse
order of their computation.

Quotients | Remainder
41/2 =20+ 1/2 20 1 4
20/2 =10 10 0
10/2 =5 5 0 (101001),
5/2=2+1/2 2 1
2/2=1 1 0
1/2=0+1/2 0 1

Dr. Mohamed Refky
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Information IRepresentation

Example b)

Convert (41.6875), to its binary equivalent number

2) Conversion of the fraction part: multiply 0.6875 and all
successive fractions by 2 and accumulating the integer in the
order of their computation.

Integer | Fraction
0.6875 x 2 = 1.375 1 0.375
0.375 x2 =0.75 0 0.75 (0.1011)2
0.75x2=1.5 1 0.5
0.5x2=1 1 ! 0

Dr. Mohamed Refky

30



Information IRepresentation

Example b)

Convert (41.6875), to its binary equivalent number

3) Join the two results with a radix point.

Decimal Binary
Step () 41 101001
Step @) 0.6875 0.1011
Step Q) 41.6875 101001.1011

(41.6875)1, = (101001.1011)4



Information IRepresentation

Example 6)

Convert (153.513),, to its octal equivalent number and round the
fraction part up to three significant figures if needed

1) Conversion of the integer part: divide 153 and all successive
quotients by 8 and accumulating the remainders in reverse
order of their computation.

Quotients | Remainder
153/8 =19+ 1/8 19
(231)g
19/8=2+3/8 3
2/8=0+2/8 0 2

Dr. Mohamed Refky
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Information IRepresentation

Example 6)

Convert (153.513),, to its octal equivalent number and round the
fraction part up to three significant figures if needed

2) Conversion of the fraction part: multiply 0.513 and all
successive fractions by 8 and accumulating the integer in the
order of their computation.

Integer Fraction
0.513 x 8 = 4.104 4 0.104 (0.4065),
0.104 x 8 = 0.832 0 0.832
0.832 X 8 = 6.656 6 0.656 (0.407)g
0.656 X 8 = 5.248 5 0.248

Dr. Mohamed Refky
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Information IRepresentation

Example 6)

Convert (153.513),, to its octal equivalent number and round the
fraction part up to three significant figures if needed

3) Join the two results with a radix point.

Decimal Octal
Step () 153 231
Step @) 0.513 0.407
Step B) 153.513 231.407

Dr. Mohamed Refky
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Arithmetic Operations

Single Bit Binary Addition with Carry

For two binary digits (X,Y), and a carry in (Z), the single bit
addition results in the following sum (S) and carry out (C):

Important: (1), + (1), = (1)19 + (1)19 = (2)10 = (10),




Arithmetic Operations

Single Bit Binary Addition with Carry

For two binary digits (X,Y), and a carry in (Z), the single bit
addition results in the following sum (S) and carry out (C):

cCS 01 10 10 11

Important: (1), + (1), + (1) = (1)10 + (1)10 + (1o
= (3)10 = (11)2




Arithmetic Operations

Multiple Bit Binary Addition

The rules for the addition of two multiple-bit binary numbers are:
* The sum digit in any position can be only 1 or 0.
» A carry out binary occurs if the sum in any bit position is

greater than 1.

Carry 111

Augend 01100 10110
Addend +10001 +10111
Sum 11101 101101

Dr. Mohamed Refky



Arithmetic Operations

Single Bit Binary Subtraction with Borrow

For two binary digits (X,Y), and a borrow in (Z), the single bit
subtraction results in the following difference (S) and borrow out

(B):

Z 0 0
X 1 1
-Y - - -0 -1

Important: when B = 1 (borrow from higher digit), X = 2




Arithmetic Operations

Single Bit Binary Subtraction with Borrow

For two binary digits (X,Y), and a borrow in (Z), the single bit
subtraction results in the following difference (S) and borrow out

(B):

Z 1 1 1
X 0 1 1
-Y - -1 - -1

Important: when B = 1 (borrow from higher digit), X = 2




Arithmetic Operations

Multiple Bit Binary Addition

The rules for the addition of two multiple-bit binary numbers are:
» The difference digit in any position can be only 1 or 0.
* The borrow into a given column adds 2 to the minuend

bit.

Borrows 11
Minuend 10110 10110
Subtrahend —10010 —10011

Sum 00100 00011
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Arithmetic Operations

Binary Multiplication

Because the multiplier digits are always 1 or 0, the partial
products are equal either to the multiplicand or to 0.

Multiplicand 1011
Multiplier x 101
1011
0000
1011

Product 110111



Binary Coding

Definition
Since computer can accept only binary values, information must
be represented by code that contains 1s and Os.

The main types of information that the computer deals with are
the Numeric values and Non-numeric (alphabetic) values.

Each element in given set must be assigned a unique binary code.
An n-bit binary code is a group of n bits that has 2™ distinct code.

A binary code may have some unassigned codes if the number of
elements in the set is not a power of 2.
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Binary Coding

Decimal Codes

A binary code that distinguishes among 10 elements must contain
at least four bits

If four bits code is used, 6 out of the 16 possible combinations
will remain unassigned

There are over 8,000 ways that you can chose 10 elements from
the 16 binary numbers of 4 bits.

Usually, a very desirable feature of the chosen binary code is to
allow for a straightforward computation for common arithmetic
operations.
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Binary Coding

Decimal Codes

Decimal BCD Excess3 8,4,-2-1 Gray
0 0000 0011 0000 0000
1 0001 0100 0111 0100
2 0010 0101 0110 0101
3 0011 0110 0101 0111
4 0100 0111 0100 0110
5 0101 1000 1011 0010
6 0110 1001 1010 0011
7 0111 1010 1001 0001
8 1000 1011 1000 1001
9 1001 1100 1111 1000

Binary Coded Decimal (BCD), also calléj4,2,1 code, is the
simplest, most intuitive binary code for decimal digits
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Binary Coding

Decimal Codes
BCD code is a weighted code (with 8, 4, 2, and 1 as weights)

BCD code uses the same powers of 2 as a binary number, but
only encodes the first ten values from 0 to 9.

BCD code allows for a straightforward computation for common
arithmetic operations (1+7 =8 — 0001+ 0111 = 1000).

A number with n decimal digits will require 4n bits in BCD.

BCD numbers are decimal numbers and not binary numbers, even
though they are represented using bits.
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Binary Coding

Decimal Codes

Do NOT mix up conversion of a decimal number to a bina
number with coding a decimal number witB&@D code.

Conversion | Coding

_ (13)10 = (1101), | 13 - 0001 0011 y




Binary Coding

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 element
that includes thd 0 decimal digits, the6 letters of the alphabet,
and the special characters (@,#,$,%),

If both uppercase letters and lowercase letters are included in th
set, a binary code of at leakbits is needed.



Binary Coding

Alphanumeric Codes
ASCII Character Code

American Standard Code for Information Interchange (ASCII) is
the standard binary code for the alphanumeric characters.

ASCII usesr bits to codel28characters categorized as:

A 94 Graphic printing characterthe 26 uppercase letters,
the 26 lowercase letters, thED numerals, an@2 special
printable characters

A 34 Non-printing characterghese characters are used for
routing data and arranging the printed text into a
prescribed format




Binary Coding

Alphanumeric Codes

Unicode Character Code

Unicode was developed as an industry standard for providing
common representation of symbols and ideographs for the most ¢
the worlds languages

Unicode provides a unique number called a code point for eacl
character, as well as a unique name.

A common notation for referring to a code point is the characters
“U+” followed by thefour to six hexadecimal digits of the code
point

U+0030 0 Digit zero




Binary Coding

Alphanumeric Codes
Unicode Character Code

The first128 code points of Unicode, from (l600to UHO07F)
correspond to the ASCII characters




