
Binary, Encodings, and 
Formats



Binary Representation

● Our normal number system is “decimal” or base 10

● Binary is base 2
○ Octal, base 8
○ Hexadecimal, base 16

● Can convert our number system to/from any other base
○ Can convert any base to any other base

● 1 bit is a single 0 or 1; 1 byte is 8 bits



Convert Decimal to Binary

● Divide by new base and take the remainder:

○ 5610 => 1110002
○ 56 / 2 = 28 (0/2) => 0

28 / 2 = 14 (0/2) => 00
14 / 2 = 7 (0/2) => 000
7 / 2 = 3 (1/2) => 1000
3 / 2 = 1 (1/2) => 11000
1 / 2 = 0 (1/2) => 111000



Convert Binary to Decimal

● Raise current base to power of current digit multiplied by digit value and sum 
result:

○ 1110002 => 5610 

○  25    24    23   22    21    20 
 |       |      |      |      |      | 
32   16    8     4     2     1
 |       |      |      |      |      |
 1     1     1     0     0     0 
32 +16 + 8 +  0 +  0 +  0 = 56 



Physical Data Storage: Hard Disk Drive (HDD)

● A thin layer of magnetic alloy is on top of the HDD
● Write: the armature has a magnet that can produce a positive or negative 

charge and polarize a specific “spot” on the HDD
● Read: each “spot” on the HDD either “attracts” or “repels” the armature, which 

is converted to an electrical pulse



Physical Data Storage: Solid State Drive (SSD)

● Made up of transistors; has a source, gate, and drain
● Write: open the drain (send positive charge) to allow electrons to flow through, 

some of which get trapped in the gate; send negative charge through gate to 
push electrons out

● Read: 0s and 1s are determined by charge (presence of electrons) in gate



Physical Data Storage



Encoding: Text

● Binary can represent any number, but what about letters and symbols?

● Different symbols/characters are mapped to different numbers, this mapping 
is called an “Encoding”

● There exist many different kinds of encoding but the 2 most used are:
○ ASCII (American Standard Code for Information Interchange) - Created in 1963, uses 

numbers 0 - 127 (a total of 7 bits) to represent all english letters, numbers 0-9, all symbols on 
the keyboard, many kinds of whitespace, etc.

○ Unicode - Created in 1991, has encodings for 1,112,064 characters, which represents 
practically all written languages in use in the world using an integer code (4 bytes); it has a 
number of different representations called Unicode Transformation Format (UTF): UTF-8, 
UTF-16, UTF-32

○ Most other text encodings are based on one of these 2



Encoding:
ASCII



Encoding: Unicode



Encoding: Images

● To encode images, bits are used to represent different colors
○ Sound files use bits to represent different frequencies (period, amplitude, shift, etc.)

● Simplest form is black and white images: 0 represent black, 1 represents 
white (can also be the opposite)

● Raster vs Vector

000000000
000000000
001101100
001101100
000000000
011000110
001000100
000111000
000000000

=

000000000
001000100
011101110
011111110
011111110
001111100
000111000
000010000
000000000

=



Encoding: Images



Encoding: Images



File Formats

● How data/information is structured for storage

● A specifications document is often available (not always, e.g. proprietary 
formats) so the format can be decoded and used by many applications

○ Specifications can include: structure, extended encodings, tags, metadata, extensions, etc.
○ Note: file formats often have an extension to help identify them, but these are not necessary

● There are about 3000 “common” file formats, and many thousands more 
“uncommon”: https://en.wikipedia.org/wiki/List_of_file_formats 

● Examples:
○ Text: PDF (.pdf), Word (.doc), plain text (.txt), etc.
○ Image: JFIF (used by .jpeg), TIFF (.tif), etc.
○ Sound: WAV (.wav), MP4 (.mp4), etc.

https://en.wikipedia.org/wiki/List_of_file_formats


File Formats: Text

PDF using a PDF reader

Plain text PDF file



File Formats: Images

● For any file format (not just images), it’s all about the features offered



File Formats: Images

JPEG in an image viewer

Plain text JPEG file



File Format vs Encoding

● The encoding is the specific mapping of symbols, colors, frequencies, etc., the file format is the 
organization and utilization of that encoding

● The encoding is ONLY the mapping of non-numerical data to numbers (and in some cases also 
contains a compression algorithms), it is just a representation

● File formats provide particular features, constraints, actions (e.g., GIF), etc. to the user to best 
utilize the underlying encoding

● Example: JFIF (JPEG File Interchange Format) is the format and JPEG is the encoding (also 
includes the compression algorithm)

○ Sometimes can be confusing: PNG is an encoding and often referred to as a file format as 
well but the technical file format for PNG is MIME


