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Last Week
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Linux and file types

Unix is representing 95% of all servers

GNU/Linux, Solaris, FreeBSD, OpenBSD, MacOS-X, . . .

But also 100% of all Smartphones

Android and iOS are both Unix systems.

Different types of files : Text files

stored in ASCII or other encodings (topic of next week)
Source of programs, texts, XML, HTML, CSS,

Different types of files : Binary files

Write data with a specific encoding
Programs (runnable), Databases, . . .
Some standards are proprietary some are open.
We will see standards for images.
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Background
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Objectives

How do computers represent characters?

Glyphs, ligatures and fonts

Historical standards

Unicode 5 layer architecture:

1. Abstract Character Repertoire
2. Coded Character Set
3. Character Encoding Form
4. Character Encoding Scheme
5. Transfer Encoding Syntax
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Typography
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Glyph

ɑ

“A grapheme (com-
puting: character)
is the smallest
unit of a writing
system of any
given language.”
–https: // en.
wikipedia. org/
wiki/ Grapheme
“A glyph (comput-
ing: shape) is an
elemental symbol
within an agreed
set of symbols, in-
tended to represent
a readable charac-
ter for the purposes
of writing.” –https:
// en. wikipedia.
org/ wiki/ Glyph
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Ligature

A ligature is the
combination of two
or more graphemes
(or letters) into a
single glyph.
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Font

A font defines size, weight and style of a typeface.
A typeface is a set of glyphs that share common design features.

A font may not define a unique glyph for every character. For example, the Latin and
Greek ’A’ may be different characters sharing the same glyph.
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Character

Unit of information

Used for organization, control or representation of textual data
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History
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Telegraph (Chappe, 1792)

A B C D E F

G H I K L M

N O P Q R S

T U V W X Y

Z & 1 2 3 4

5 6 7 8 9 10
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Extended Binary Coded Decimal Interchange Code (1963)
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US ASCII (1963)
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Control codes

Character sets often contain control codes, code positions that are not mapped to a
visible character but for control. Examples:

CR Carriage return
LF Line feed
HT Horizontal tab

CTRL-C Interrupt
CTRL-D End of input

End of line on Mac is CR, on Unix LF and on Windows CR LF.
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Control
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ISO 8859-1: Extended ASCII (latin1)
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CP1252: Extended ASCII (winlatin1)
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ISO 8859-2: Extended ASCII (latin2)
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ISO 8859-3: Extended ASCII (latin3)
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ISO 8859-4: Extended ASCII (latin4)
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ISO 8859-5: Extended ASCII (Cyrillic)

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences 23



ISO 8859-6: Extended ASCII (Arabic)
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ISO 8859-7: Extended ASCII (Greek)

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences 25



ISO 8859-8: Extended ASCII (Hebrew)
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ISO 8859-9: Extended ASCII (latin5)
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ISO 8859-10: Extended ASCII (latin6)
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ISO 8859-11: Extended ASCII (Thai)
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ISO 8859-13: Extended ASCII (latin7)
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ISO 8859-14: Extended ASCII (latin8)
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ISO 8859-15: Extended ASCII (latin9)
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Historical PCs (around 1980)

Graphics card had a bitmap (say 9x14 bits) for each character

Memory contained array with say 80x25 or 80x50 bytes for the text on the screen

Graphics card would build video signal by indexing into the 256 bitmaps

Firmware included initial bitmap used on system startup

Different manufacturers used different mappings of numbers to characters
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Major manufacturers create character encodings for major
regions (1960-1991)
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Unicode
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Unicode
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Mission impossible
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1991: We urgently need a standard for characters...

ISO 10646 project

US consoritum: Unicode project

Fortunately:

Unicode 1.1 = ISO 10646-1:1993
Unicode 3.0 = ISO 10646-1:2000
Unicode 7.0 = ISO 10646:2014

... and all are backwards-compatible since Unicode 2.0.
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Unicode uses a 5 layer architecture

1. Abstract Character Repertoire

2. Coded Character Set

3. Character Encoding Form

4. Character Encoding Scheme

5. Transfer Encoding Syntax
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Abstract character repertoire (ACR)

An ACR specifies:
set of unique characters

each character has a general name (“at sign”)

each character has a graphical representation (“@”)

It leaves open:
representation of characters

order of characters
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Coded character set (CCS)

1:1 mapping of ACR to positve numbers

each coded character has a numeric code

each coded character has a standardized name (“COMMERCIAL AT”)

each coded character has a code position

Note that a CCS can have holes with positions left unspecified.

http://www.unicode.org/charts/
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Basic Multilingual Plane (BMP)
First 65536 code points of Unicode are called the BMP:
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Character Encoding Form (CEF)

Specifies mapping of code numbers to code units

Code units are bit sequences of fixed length (usually 8, 16, 24, 32, etc.)
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Character Encoding Scheme (CES)
Mapping from code units to serialized byte sequences
Byte order (big endian, little endian) matters
Examples: UTF-16BE vs UTF-16LE1

UTF-8 is the most widely used CES:

1UTF = UCS transformation format
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Example

Name Latin A Hebrew alef Han AN
Code point U+0041 U+05D0 U+597D
UTF-8 41H D7H 90H E5H A5H BDH
UTF-16BE 0 41H 5H D0H 59H 7DH
UTF-32BE 0 0 0 41H 0 0 5H D0H 0 0 59H 7DH
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Transfer Encoding Syntax (TES)

Invertible conversion of byte sequences to:
elimiate certain undesirable byte sequences that might confuse transfer protocols

reduce bandwidth consumption via compression (gzip, deflate)
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Example

1. ACR specifies collection of characters, i.e. “a” “!”, “ä” and “‰”.

2. CCS specifies numeric codes, i.e. ISO 10646 uses 97, 33, 228 and 8240 for the characters above.

3. A CEF specifies that the above codes are represented using two bytes (UCS-2) or four bytes
(UCS-4).

4. A CES may specify how the two bytes are encoded, i.e in big-endian, i.e. for UTF-16BE: 0, 97, 0,
33, 0, 228, 32, 48.

5. A TES may for example apply gzip compression to the above sequence.
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UTF-8
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UTF-8: Motivation

Most transmitted characters still from 7-bit ASCII

Common characters in text are in BMP

Using 32 bits per character would be inefficient!

C programming language does not deal well with 0 in strings!
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UTF-8: Rules

7-bit ASCII characters use one byte (0xxxxxxx)

Up to 211 code points use two bytes (110xxxxx.10xxxxxx)

Up to 216 code points use three bytes (1110xxxx.10xxxxxx.10xxxxxx)

Up to 221 code points use four bytes (11110xxx.10xxxxxx.10xxxxxx.10xxxxxx)

Etc.

Note that UTF-8 does not require the shortest possible representation!

0xFE and 0xFF cannot appear in UTF-8.
0x00 only appears for 0.
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Conclusion
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Conclusion

UTF-8 is the standard now

Used in Web sites

Problem for Databases

UTF-8 characters do not have the same length
Not possible to be stored in a DB
MySQL / MariaDB : Characters are encoded on 3 bytes.
MS SQL Server found another solution.

Legacy systems use many different encodings

Unix / Mac / Windows
US / latin-1 / latin-???
International systems : UTF-16BE, UTF-16LE, UTF-32...

Job of the Medical Informatics specialist

Let all the systems work together!
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