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Binary representation of numbers

● In a positional numbering system given the base this 
directly defines the number of symbols (digits) that are 
used to write the number.

– For example, in the decimal system we use 10 symbols 
(0,1,2,3,4,5,6,7,8,9)

● The modern numbering systems are positional, so the 
number is written specifying the order of the digits, and 
each digit takes on a value depending on its position

– Example 423 = 4 * 102 + 2 * 101 + 3 * 100

                                      If you want 4 hundred 2 tens and 3 units



  

Binary representation of numbers

● In general given a base b I will have b symbols (digits) and then an integer 
N will be written as:

– Value N = cn * bn + cn-1 * bn-1 + … + c0 * b0

● Similarly if I have a number N = 0.c1c2...cn

– Value N = c1 * b-1 + c2 * b-2 + … + cn * b-n

● Now consider the simplest case that of the representation of unsigned 
integers 

● If I use a numbering system with base b with n digits I can represent a 
maximum of bn different numbers, so all the numbers from 0 up to bn - 
1

● For example in base 10 it is clear that using two digits can represent all 
the numbers from 0 to 99 then 102 = 100 distinct numbers



  

Binary representation of numbers

● Using a base 2, then only two symbols 0 and 1, always 
remaining within the representation of positive integers using 
n digits could represent at most all the numbers 
between 0 and 2n -1

● For example using two digits could represent 4 distinct 
numbers:

– 00 = 0 * 21 + 0 * 20 = 0
– 01 = 0 * 21 + 1 * 20 = 1
– 10 = 1 * 21 + 0 * 20 = 2
– 11 = 1 * 21 + 1 * 20 = 3



  

DIGITIZATION



  

DIGITIZATION

● The process of converting information into digital format

● Information is thus organized into bits

● Images, sounds, documents or any analog signal is 
converted in bits, thus generating a series of numbers 
that describe a discrete set of its points or samples. 

● In modern practice, the digitized data is in the form of 
binary numbers, which facilitate computer processing and 
other operations, but, strictly speaking, digitizing simply 
means the conversion of analog source material into a 
numerical format



  

DIGITIZATION

● A byte (one bite) represents the sequence of 8 bits in a 
modern way and has historically become the basic element 
of the addressability and therefore the basic unit of 
information.

● 8 bit means that with 1 byte I can represent 28 = 256 
different values. So in the case of integers unsigned the 
numbers from 0 to 255. 

– If I use a bit to indicate the sign for example 0 positive 
and 1 negative, I can represent the integers from -128 
to 127 (from 10000000 to 01111111)

● Or with 8 bits I can represent 256 different characters.



  

ASCII

● Extended ASCII

uses 8-bit

● ASCII initially 

US-ASCII 7-bit



  

Information encoding

● An encoding is a convention

– As seen before then the bit sequence 01001100 can 
represent the character L (capital L) or if instead we 
mean an integer value unsigned it represents the 
decimal number 76.

● For example every image is composed of pixels, if I 
used only 1 bit for each pixel I could have only black 
and white images (1 black pixel, 0 white pixel).



  

Information encoding

● Example: 



  

Information encoding

● if I use more bits to represent each pixel, I can have gray 
ranges or colors instead. And from here you can play, 
video ...

The pixel represents the smallest autonomous element
 image. Each pixel is therefore characterized by its
own position

The total number of pixels in a digital image is called a 
resolution. For example, if I have a 10 x 10 grid, the 
image will consist of 100 pixels

dpi = number of dots per inch, for example in a monitor 
will typically have 72 pixels per inch

Depth: in the case of a grayscale an image can use 8 
bits for each pixel thus having available 28 = 256 shades 
of gray



  

Information encoding

● Color images

In the case of color images each pixel is characterized 
by three color scales for the three fundamental colors, 
RGB (Red, Green, Blue)

For example an 8-bit image will have for each color 256 
possible shades for red, 256 for green and 256 for blue. 
Therefore in total 16777216 possible shades of color. In 
the case of 12-bit images we will have 212 = 4096 
shades for each color, in total 68718476736 possible 
colors for each pixel.



  

Analog signal

● Digital Analog Conversion

sampling - time 
discretization (Nyquist-
Shannon sampling 
theorem)

quantization - 
discretization of the 
amplitude

coding - use of binary 
"words" to express the 
value of the signa



  

Analog signal

● Obviously, fidelity improves as the number of samples per 
unit of time increases (sampling frequency) and the 
number of quantization levels



  

Digital audio

● Since the human ear can hear frequencies in a certain 
range (20, 20000 Hz) the sampling theorem tells us 
that we need to sample at 40 kHz

● Typically, we use a number of quantization levels much 
larger than 256, often 16 bits

● For example in the case of a CD we have two channels 
(stereo) at 44.1 kHz and 16 bits (216 = 65536)

● So the bit rate = 44100 samples / s * 16 bits * 2 
channels = 1411200 bits / s = 176400 Bytes / s

● If we want 1 minute of music we need 60 * 176400 
Byte / s = 10584000 Bytes which is about 10 MiB



  

Final considerations

● Compression of images and sound (therefore also video) 
is essentially based on the elimination of information to 
which the human ear and the human eye are not very 
sensitive

● Not only that …. 



  

OVERFLOW, UNDERFLOW,  
VARIABLES



  

Computer memory is limited

● OVERFLOW: the available bits are not sufficient to represent the 
result. UNDERFLOW number too small 3/2 I can not represent 1.5 
using integer, I can only represent 1 or 2

● For example if I use a 8 bits registers to perform a computation with 
positive integers I can only represent numbers from 0 to 255, so what 
happens if I try to add 1 to 255 ?

        1 1 1 1 1 1 1 1 +

        0 0 0 0 0 0 0 1 = 

      ______________

     1 0 0 0 0 0 0 0 0   I need more than 8 bits to store the result

                                    



  

Data type

● See the difference between strongly typed and non-typed 
languages, dynamic and static typing

● Programming languages   have native data types, such as 
integer, floating-point, boolean and character. Different 
types different sizes and therefore different ranges 
(exact Algebra and not ...)



  

Variable

● Variable - A variable is a value that can change during the 
execution of a program.

● Declaration: A declaration ensures that sufficient memory is 
reserved in which to store the values and also states the variable’s 
data type

● Scope - Scope indicates whether a variable can be used by all 
parts of a program or only within limited sections of the program – 
for example, within a subroutine.
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