
UTF and Turkish İstinye University

Representing Text

Representation of text predates the use of computers for text

Text representation was needed for communication equipment

One particular commonly used communication equipment was
teleprinter (also called as teletypewriter, teletype or tty)
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Representing Text

Teleprinter was an electromechanical typewriter that can be used to
send and receive typed messages over various types of
communications channels

Teleprinters were adapted to provide a user interface to early
mainframe computers and minicomputers

They were used for sending typed data to the computer and printing
the response from the computer
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Representing Text

Computers can only understand numbers
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Teleprinters and ASCII

Thus, we need a number representation of characters: “a” or “@”

A number representation for the English alphabet was developed in
1967 by the American Standards Association (ASA) in the US, which
remains in use today

This representation is called ASCII which stands for
American Standard Code for Information Interchange
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ASCII

ASCII was originally based on the English alphabet

ASCII encodes 128 characters into 7-bit binary integers

33 of these 128 are non-printing control characters
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American Standard Code for Information Interchange

“a” is encoded as (110 0001)2 = (61)16 = (97)10

“@” is encoded as (100 0000)2 = (40)16 = (64)10
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American Standard Code for Information Interchange

The first 32 (0 to 31) are control codes

For example:

Code 10 (0A) represents the “line feed” function
(which causes the printer to advance its paper)

Code 8 (08) represents “backspace”

Code 127 (FF) represents “delete”

Code 32 (20) represents “ ” (Space)
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American Standard Code for Information Interchange

The codes 33-47, 58-64, and 91-96 are printable characters

The codes 48-57 are numbers: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9

The codes 65-90 are upper case letters: A, B, C, D, E, F, G, H, I, . . .

The codes 97-122 are lower case letters: a, b, c, d, e, f, g, h, i, . . .
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American Standard Code for Information Interchange
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American Standard Code for Information Interchange

Normally a 7-bit code is placed inside an 8-bit (1-byte) binary
number, keeping the most significant (leftmost) bit 0

Therefore, a simple text file containing the word hello will have 5
bytes for the 5 letters

There may also be 1 byte space for the LF (line feed) character at the
end of each line

Demonstrate file5.txt and file6.txt
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Extensions of ASCII

Soon after ASCII was introduced, Europeans became very sad

They wanted codes for their alphabet characters
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Extensions of ASCII

Soon after ASCII was introduced, Europeans became very sad

They wanted codes for their alphabet characters
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Extensions of ASCII

They needed code for representation of characters found in Western
European languages, such as

ç ü é â ä å . . .
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Extensions of ASCII

Since we have 1 byte (8 bits), we have room for 256 characters

This gives us 8-bit ASCII, codes from 00 (hex) to FF (hex)

This created Extended ASCII

Code 128 Ç

Code 129 ü

Code 130 é

Code 135 ç

Code 148 ö

Code 153 Ö

Code 154 Ö

Extended ASCII does not have codes for ǧ Ǧ ı İ ş Ş
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Extensions of ASCII

Unfortunately, everyone had their idea of what is needed, and many
standards bodies developed different variants of ASCII

Different operating systems, game consoles, and computers have
designed their own ASCII extensions

However all of these variants include 7-bit ASCII (sometimes called
US-ASCII) as their subset

The International Organization for Standardization (ISO)
standardized 8-bit codes and named is ISO 8859 in 1998

These form different sets of 8-bit codes
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ISO 8859

The standard ISO 8859 covers an almost complete list of Western
European languages

It supports an extended list of languages

Latin-1 (Western European languages)
Latin-2 (Non-Cyrillic Central and Eastern European languages)
Latin-3 (Southern European languages and Esperanto)
Latin-5 (Turkish)
Latin-6 (Northern European and Baltic languages)
8859-5 (Cyrillic)
8859-6 (Arabic)
8859-7 (Greek)
8859-8 (Hebrew)

Not all software can parse ISO-8859 character sets
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Further Extension of ASCII

Moreover, there are many more languages and scripts in the world

Consider: Arabic, Armenian, Hebrew, Chinese, Japanese, Korean

We need a much more comprehensive encoding system
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Unicode

Unicode is a computing industry standard for the consistent encoding,
representation, and handling of text expressed in most of the world’s
writing systems

Unicode Goal: One encoding for all scripts of the world!

Unicode contains a repertoire of more than 110,000 characters
covering 123 scripts and multiple symbol sets

Unicode covers almost all scripts in current use today

Unicode defines 1,114,112 code points, in the range 0 to 10FFFF
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Unicode

Unicode can be implemented by different character encodings

The most commonly used encoding is UTF-8

UTF stands for “Unicode Transformation Format”

UTF-8 uses one byte for any ASCII character, all of which have the
same code values in both UTF-8 and ASCII encoding, and up to four
bytes for other characters

Of more than a million code points, about 100,000 are assigned

Most assignments are in the first 65,536 code points
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Unicode Properties

Every letter in every alphabet is assigned a number by the Unicode
consortium which is written like this: U+0639

This number is called a code point

The U+ means “Unicode” and the numbers are hexadecimal

U+0639 is the Arabic letter Ain

The English letter A would be U+0041.

There is no real limit on the number of letters that Unicode can
define and they go beyond 65,536
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Unicode Examples

English text looks exactly the same in UTF-8 as it does in ASCII

Specifically, Hello will be stored as 48 65 6C 6C 6F, which is the
same as it is stored in ASCII

The string Hello in Unicode corresponds to five code points:
U+0048 U+0065 U+006C U+006C U+006F

The encoding scheme determines how these bytes are to be stored

As we said, the most commonly used encoding is UTF-8

On the other hand , Arabic, Armenian or other letters will be
represented according to their (mostly 2-byte) Unicode definitions,
found in http://www.unicode.org/charts
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Unicode 7-bit ASCII in Python

In Python, all strings are stored in UTF-8 Unicode

7-bit ASCII (US-ASCII) Example:
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Unicode 8-bit ASCII in Python
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Unicode Arabic
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Unicode Armenian
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Unicode CJK - Chinese Japanese Korean
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UTF and Turkish İstinye University

Unicode CJK - Chinese Japanese Korean
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Unicode CJK - Chinese Japanese Korean
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http://koclab.org



