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Introduction

    In order to understand what " multi-byte characters " are, it is necessary first of all to determine the term " byte ".

    It is considered that a byte is a piece of information, consisting of eight bits . But there is a much more precise definition - an octet . That is, in principle, we can group information in portions of any other size. For example, telegraphy still uses five- bit portions of information (bytes).

    The maximum number of different values ​​that we can encode in an eight-bit byte is 256 = 2 8   (from 0 to 255) and in five-bit byte 32 = 2 5 .

    Now suppose that we need to encode some information, for example symbols of the alphabet (letters) in binary numbers. For details on encoding operations, see Languages, Symbols, and Coding .

    Consider, for example, the same telegraph code. It turns out that 26 English letters and 10 digits in 32 different combinations can not be encoded. To do this, use a special symbol: switch the register. And if you add Russian letters here, there are three registers: LAT , RUS , CIF . This is how the International Telegraphic Tri-Register Code MTK-2 , adopted in the CCCP in 1963, is formed.

    If someone else remembers such a technique as DCK (Dialogue Computing Complex), then there was used KOI-7 (Information Exchange Code, 7-bit). However, this code contained all the ASCII characters, (small and large Latin letters) and all Cyrillic characters, also small and large. That as a result gave more than 128 = 2 7 code positions. And to switch between the Latin KOI-7N0 (set N0) and the Russian KOI7-H1 (set N1), the SO codes (Shift Out, 014) and SI (Shift In, 015) were used as halves .

    For example, in order to display on the terminal the phrase: "Peace, Peace" it is necessary to send the following symbols:

	SO
	0155
	0111
	0122
	054
	040
	SI
	0120
	0145
	0141
	0143
	0145


    After switching to another code page (Russian register), its state is preserved before switching to the Latin register.
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Thus, we come to the most important concept in the technology of multibyte characters: Shift State (it can be translated as Register or Status of the Register ). In fact, there can be several such states (registers), they can be mutually exclusive, or act simultaneously and independently.

    Hence, several important conclusions: when processing multibyte characters, you need to save the current state of Shift State . The length of the byte sequence no longer matches the number of characters printed in the string. That is, taking a symbol from the offset START + 8, we can not reliably say that this is the 8th display symbol. Similarly, we can not say which code set will need to display this symbol. That is, the string has a history . And we can get complete information only by looking at the line from the beginning (it is assumed that there is some "initial state" of the registers).

    Another problem is related to the "string length" property. For strings consisting of multibyte characters, the length of the string "in characters" is not equal to the length of the string "in bytes". For example, the function strlen () may not work correctly. Therefore, many systems with multibyte character support often have two different functions, for example: char_len () and octet_len () .



Scheme.

     There are several schemes for organizing (encoding) multi-byte sequences. The most common :

· ISO-2022
· UTF-8
    Less common: EUC , Shift-JIS ( DBCS ). With some stretch to Multibyte can be attributed UUENCODE , BASE-64 (together with QP ) and NCR .



ISO-2022

    The biggest impact on Multibyte chars was the ISO-2022 standard . Unfortunately, its text is available only for money, but there is its full free analogue ECMA-35 .

    According to the ISO-2022 standard, the concepts "control symbol" and "graphic symbol" are introduced, eg C R , LF or ESC are control characters. Accordingly, the entire space of 2 8 = 256 characters is divided into four parts:
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· C0 (Control Left) - 0x00-0x1F

· GL (Graphic Left) - 0x20-0x7F

· C1 (Control Rigth) - 0x80-0x9F

· GR (Graphic Right) - 0xA0-0xFF

    Thus, only 256-2 * 32 = 192 positions, 96 GL and 96 GR (sometimes 94 , without the first and last positions) are allocated for the "displayed" symbols (Graphic ).

    One of the functions of "control" symbols is the switching of character sets to GR and GL . That is, the whole "dance" takes place inside the 8-bit space. To do this, the ESC escape sequences are used, the "higher" ESC is CSI and the SI and SO codes . For example, the already mentioned KOI-7 is made in strict accordance with the ISO-2022 standard , by switching GL codes SI and SO (Surprisingly?).

    For example, most printers use different ESC sequences to switch code sets. And when printing, there is a constant switching of " sets of symbols " with the help of control codes. Exactly the same picture with terminals. For example, the DEC VT-XXX or Wyse terminals have many national character sets embedded in the microcode. Even the code-switching code for the Linux console   (echo -ne "\ 033 (K")) is also a variation of the ISO-2022 sequence (see man console_codes)

    Each half, GR and GL , can be assigned a certain set of symbols (Charset). There are four sets of graphic symbols G0 / G1 / G2 / G3 , each of which can be connected in place of GL or GR . Typically, in 8-bit systems, GL is assigned normal ASCII , and GR is switched.

Control code 7-bit form 8-bit form Notes

    LS0 0x0F 0x0F ^ O; also called shift-in, SI

    LS1 0x0E 0x0E ^ N; also called shift-out, SO

    LS2 0x1B6E 0x1B6E ESC n

    LS3 0x1B6F 0x1B6F ESC o

    SS2 0x1B4E 0x8E ESC N

    SS3 0x1B4F 0x8F ESC O

    LS1R n / a 0x1B7E ESC ~

    LS2R n / a 0x1B7D ESC}

    LS3R n / a 0x1B7C ESC |

    In addition, each of the Charset G0 / G1 / G2 / G3 can also be changed using "designators". It turns out quite a complicated and cumbersome system. And all because of the 8-bit byte!

    See ISO 2375 International Register of Coded Character Sets - describes various "designators".

    See ECMA-35 - full analogue of ISO-2022 (free of charge).

   When reading the standard ISO-2022 and ECMA-35 can embarrass an unusual scheme for numbering code positions, for example 2/5. In fact, this is the column number (0..15) and the character number in the column (0..15). That is, in fact, these are hex numbers! 2/5 means hexadecimal number 0x25 (37 mentioned above 10 ). The ESC character is 01/11 == 0x1B == 27 10 .

    International standards ISO-8859-x series ( for example ISO-8859-1 : Latin1 ) are designed taking into account the requirements of ISO-2022 . The "appointees" for them are also standardized. For example, for the ISO-8859-5 encoding, the " assignees " are: G1 - ESC 2/13 4/12; G2 - ESC 2/14 4/12; G3 - ESC 2/15 4/12.

    One of the drawbacks of ISO-2022 is the prohibition on using the positions of the "senior" control characters C1 (0x80-0x9F) for encoding letters. For example, the CP-866 encoding does not conform to the ISO-2022 standard , because the letter code "Y" (0x9B) matches the older ESC (CSI).

    The encoding ISO-2022 is the "internal" encoding for Emacs.

    Encodings based on ISO-2022 are practically "clean", that is, along with ESC symbols and "assignors" is widely used for encoding Japanese characters (JIS system) and has registered MIME charsets: ISO-2022-JP ( RFC- 1468 ) and ISO-2022-JP-1 ( RFC-2237 ).



CTEXT

    The X Window system was designed in the 1970s and the CTEXT ( Compound Text Encoding ) scheme was applied as the "internal" encoding of international symbols . This encoding is used regardless of the encoding of the "target" operating system (Unix, Windows). Since X is a network protocol, the client (client set) and X-server encodings can be different.

    In the CTEXT encoding, the properties of the X windows (window propirties) and "resources" within the X server can be stored . The same "resources" are used for inter-program communication via ICCM and for communicating the X-program with WindowManager.

     This coding scheme is ideologically quite close to ISO-2022, but the support for control characters is greatly simplified and the "assignees" in it are often used by others (although for the above-mentioned ISO8859-5 - the same: 4/12). In addition, the CTEXT scheme is more flexible and allows you to add new encodings (for example Windows-1251) as "other ecoding" - that is, simply by name.

    The standard for the CTEXT encoding is free and is available in the documentation package for the X system ( for example XFree ) or here .

    To convert strings to " properties ", there are XmbTextListToTextProperty () / XwcTextListToTextProperty () functions and backward XmbTextPropertyToTextList () / XwcTextPropertyToTextList () where XCompoundTextStyle can be used for encoding in COMPOUND_TEXT .

   As a result, we get a C-string, in which the character codes are interleaved with the "code-switching codes". The correspondence between the CTEXT " assignees " and the encoding name (eg * -iso8859-1 ) can be used to select the XLFD ( X Logical Font Description ) font for drawing this string of characters in the window, the title of the X window or the caption under the icon in Window Manager .

· CTEXT ( Compound Text ) HTML
· ICCM ( Inter-Client Communication Conventions Manual )

· XLFD ( X Logical Font Description ) HTML
· Juliusz Chroboczek, Fonts in XFree86
    The latest versions of the CTEXT specification (> 1.1) have an extension for integration with the UTF-8 encoding ( have a standardized " assignee " for UTF-8 ).



UTF-8

    UTF-8 uses a completely different scheme for the formation of multibyte codes.

    Initially, the characters from the UNICODE and ISO-10646 are not encoded in bytes ( 8 bits), but 16 - or 32- bit ( wc-wide characters ). To encode the 32-bit ISO10646 , the following scheme is used ( RFC-2279 )

	U-00000000-U-0000007F:
	0 xxxxxxx

	U-00000080-U-000007FF:
	110 xxxxx 10 xxxxxx

	U-00000800 - U-0000FFFF:
	1110 xxxx 10 xxxxxx 10 xxxxxx

	U-00010000 - U-001FFFFF:
	11110 xxx 10 xxxxxx 10 xxxxxx 10 xxxxxx

	U-00200000 - U-03FFFFFF:
	111110 xx 10 xxxxxx 10 xxxxxx 10 xxxxxx 10 xxxxxx

	U-04000000 - U-7FFFFFFF:
	1111110 x 10 xxxxxx 10 xxxxxx 10 xxxxxx 10 xxxxxx 10 xxxxxx


    Thus, 7-bit US-ASCII characters remain unchanged, and all other characters are encoded by a variable number of bytes. The maximum number of bytes for UTF-8 is 6 . Cyrillic characters are encoded in two bytes.

    In the UTF-8 file (thread), there are never zero bytes or escape sequences (ESC).

    The advantage of encoding the UFT-8 is that it is self-synchronizing . That is, if one or two bytes are lost, the next encoded character can be restored. This compares favorably with ISO-2022 , in which the drains have a state and, with the loss of "designators," we lose information about the encoding.

    The JVM (Java Virtual Machine) uses the UTF-8 encoding as "internal" for storing strings and includes conversion when writing strings to the stream "out", to files and streams of the target OS.
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How to work with multibyte characters? ( API )

The POSIX standard includes a whole family of functions for working with multibyte characters. mb * including for converting multibyte characters to "wide" wc *

http://www.cl.cam.ac.uk/~mgk25/unicode.html
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