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Summary 

Unicode by the sheer size of its character content creates a daunting challenge for text applications that want to apply high level typographic features to multilingual text. While typography principles applied to European based writing systems are well known, new standards like the Japanese JIS X-4051-1995 (Line Composition rules for Japanese Document) have also emerged. This contribution extrapolates from these various inputs to come up with a design addressing worldwide needs. It is focused primarily on character classification as a tool to improve worldwide typography and doesn’t intend to cover all aspects of this very complex subject.
Target Requirement

The aim is to allow the creation of a single product (worldwide single binary) dealing with multi-lingual content while respecting typographic conventions associated with writing systems. While multi-lingual documents are mostly limited to two languages, authors want to be able to create these documents with as few tools as possible. This trend is already visible in the new authoring tools (Office suites, Internet browsers). And as much as possible the features need to be platform independent. I.e. the multilingual features should be available on all platforms, not just on the ‘local’ platform. For example it should be possible to fully view and author a Japanese document on an American system. System platforms may have to be improved slightly to achieve this, but typography rules also need to be well established.

Challenges

While computer-based Latin based typography is well established, other writing systems are not so well investigated. Especially East Asian scripts have a long history of document creation, but a rather recent one on computers. Furthermore, the information available is sparse.

Addressing worldwide needs often creates conflicting requirements.  Few examples:

1. Latin text usually obeys line breaking rules based on word boundary (space delimited), but in a Japanese context it may be desirable to break the Latin text at an arbitrary position to provide an aesthetically result. This can be described as turning off the Latin word wrap.

2. In Japanese text, it is expected that line breaks can occur between Kanji characters. But in a Korean text, it is typical to process a sequence of Hanja characters as a single word, therefore not breakable.

JIS X 4051 (Line composition rules for Japanese documents)

Two versions have been published: one in March 1993, and the latest in November 1995. The first version did not reference a character encoding and was not sufficiently detailed to build an implementation on top of it. The latest version uses JIS X 0221 (transposition of ISO/IEC 10646 part1) as a reference character encoding and is much more detailed.

It covers (among others) the following topics:

· Specification of many typographic concepts used in Japan.

· Character classification according to their typographic behavior.

· Line breaking rules.

· Line composition rules (expansion, compression)

· Ruby and overhanging

· Horizontal in Vertical (tatenaka yoko).

Issues with JIS X 4051

· While the JIS standard uses the UCS-2 encoding (read Unicode), it doesn’t address the full Unicode repertoire. For example, Hangul characters are not covered.

· The character classification specifies overlapping content (like digit, ASCII letters, space characters) relying heavily on contextual information which is not readily available to text processor implementers.

· Commonly used half and full width characters are not covered.

· Industry practice in Asian font design is not fully taken into consideration. For example it is assumed that symbol characters only use ½ Em. (It should be 1 Em). Therefore the width adjustment model is an additive one although industry practice would require a subtractive one.

· Concerning line breaking, the industry practice is significantly more sophisticated. For example Microsoft WordJ evaluates line-breaking opportunities across space characters (three-character context).

In consequence, JIS has got a limited endorsement by software vendors selling in Japan. It is however a very useful information source for implementers and it can be used as a reference model for many of the typographic concepts. Especially the principle of using character classification with table driven behavior descriptions has been widely used in this contribution.

Character classification as a mechanism to address typographic issues.

Many mechanisms take in input a single character, or a pair, or in few cases three characters, to determine the action to be taken. Examples: Line breaking, compression, expansion, ruby overhanging.  In those determination many characters share the same behavior. These groups of characters make behavior classes. Therefore a behavior class can be built as a set of Unicode ranges which share the same behavior for a given typographic concept.

When building behavior classes for all the typical process (line breaking, word breaking, compression, expansion, ideal width adjustment, ruby overhanging, and font selection) it can be found that these classes intersect widely. This has lead to the definition of partitions: a partition is a set of Unicode ranges (down to a single character) that shares the same behavior for all covered typographic behaviors.

Example:

Katakana that can’t start a line (part of JIS class 3):

(In Romaji transliteration, those are: (small a, i, u, e, o, tsu, ya, yu, yo, wa)

· Characters from that partition will be represented by a Font supporting the Kana characters.

· In a line breaking context, such characters are either grouped with the ideographic characters or as ‘no start ideographic’ if the text property is set to ‘Kinsoku on’ (more on this later). This means that these characters should not usually start a line.

· In a word breaking context, these characters are seen as Katakana, typically a cluster of katakana characters would be perceived as a single ‘word’. (More sophisticated word analysis exists, but they are beyond the scope of this contribution).

· In overhanging ruby, such characters can have overhung ruby if they precede the Kanji characters related to the ruby sequence.

Character classification tables

JIS behavior definitions

JIS defines a set of uniquely determined class behaviors that are used for all operations. Unfortunately, this model doesn’t work across all the concerned operations, once all the character encoding particularities are taken into account. Nevertheless, it is useful to have it in mind. The following table provides the JIS behavior definitions: 

JIS behavior
Japanese name
Explanation

1
Hajime Kakko-rui
Opening-parenthesis characters

2
Owari Kakko-rui
Closing-parentheses characters, including commas

3
Gyootoo Kinsoku Waji
Japanese characters prohibited from beginning of line

4
Ku-giri yaku-mono
Expression-mark (exclamation, interrogation)

5
Naka-ten-rui
Centered punctuation mark

6
Ku-ten-rui
Punctuation mark

7
Bun-ri kin-shi moji
Inseparable characters

8
Mae-ryaku kigo
Prefix unit symbols

9
Sho-ryaku kigo
Postfix unit symbols

10
Waji kan-kaku
Japanese(Ideographic) space

11
Hira-ga-na
Hiragana, other than group 3

12
(1-11) igai-no waji
Japanese characters except (1-11)

13S or 13D
so-e-ji-tsuki-oya-moji-gun-naka-no-moji
Body character of attached sequence (typically Super/subscript characters)

14S or 14D
rubi-tsuki-oya-moji-gun-naka-no-moji
Body character of rubied sequence

15
ren suji naka no moji
Numeral sequence

16
tan-I ki-goo naka no moji
Unit symbol

17 
oo-bun kan-kaku
European (Alpha) Space

18
oo-bun kan-kaku I-gai no oo-bun yoo moji
European characters except European space

19
Hajime Kakko-rui
Open brackets for inline-note

 20
Owari Kakko-rui
Closing brackets for inline-note

Note:

· The notation 13S and 13D (and 14S and 14D) describes variations noted as ‘dooitsu’ and ‘betsuno’ meaning literally ‘same’ and ‘different’ which indicates whether or not a body character shares its accessory characters with another character of the same ‘class’.

Unicode Partitions definition

Wide (W) characters are characters that are usually displayed with an Em width character width before adjustment. Narrow characters are either half-width character (H) displayed with ½ Em and part of a large Asian font or character usually not part of those fonts (N), typically the later characters have no predetermined width. Ambiguous width (A) characters are characters that can have either width depending upon the context. 

The following table specifies the partition names with the width variants (each of these variants defines a partition of its own). These width variants are defined as follows:

1. A for ambiguous width

2. W for wide width

3. H for narrow and half width

4. N for narrow and not half width

To limit the size of this document, only the first two lines of each partition are provided. However most of the important partitions are fully specified.

Partition Id
Partition names
Width variants
Content

1
Open brackets for inline-note
W
3014,FF08,FF3B

2

3

4
Open parenthesis
N

H

W
0028,005B,007B,2045

FF62

3008,300A,300C,300E,3010,3016,3018,301A,FF5B

5
Open parenthesis, Big 5
W
FE35,FE37,FE39,FE3B,FE3D,FE3F,FE41,FE43,FE59,FE5B,FE5D

6

7

8
Open quotes
N

A

W
00AB,201B,201F,2039

2018,201C

301D

9
Close brackets for inline-note
W
3015

10

11

12
Close parenthesis
N

H

W
0029,005D,007D,2046

FF63

3009,300B,300D,300F,3011,3017,3019,301B,FF5D

13
Close parenthesis, Big 5
W
FE36,FE38,FE3A,FE3C,FE3E,FE40,FE42,FE44,FE5A,FE5C,FE5E

14

15

16
Close quotes
N

A

W
00BB,201A,201E,203A

201D

301E,301F

17
Right single quotation mark
A
2019

18

19

20
Comma
N

H

W
002C

FF64

3001,FF0C

21
Comma, Big 5
W
FE50,FE51

22

23
Kana sound marks
N

W
FF9E,FF9F

309B,309C

24
Iteration marks
W
3005

25

26
Symbols which can’t start a line
N

W
203C,2044

301C

27
Hiragana iteration marks
W
309D,309E

28
Katakana iteration marks
W
30FD,30FE

29

30
Katakana that can’t start a line
N

W
FF67-FF70

3099,309A,30A1,30A3,30A5,30A7,30A9,30C3,30E3,30E5,30E7,30EE,

30F5,30F6,30FC

31
Hiragana that can’t start a line
W
3041,3043,3045,3047,3049,3063,3083,3085,3087,308E

32

33
Question/exclamation
N

W
0021,003F

FF01,FF0F

34
Question/exclamation, Big 5
W
FE56,FE57

35

36
Kana centered characters
N

W
FF65

30FB

37

38
Other centered characters
N

W
003A,003B,2022

FF1A,FF1B

39
Other centered characters, Big 5
W
FE54,FE55

40
Hyphenation point
A
2027

41

42

43
Period
N

H

W
002E,0589

FF61

3002,FF0E

44
Period, Big 5
W
FE52

45

46
Inseparable characters
N

A
2024

2014,2025,2026

47
Glue characters
N
2007,FEFF

48

49

50

51
Prefix currencies and symbols
N

A

H

W
0024,005C,00A3,00A5,20A1,20A2,20A4,20AA,20AB

2116

20A9

FE69,FF04,FFE1,FFE5,FFE6

52

53

54
Postfix currencies and symbols
N

A

W
0025,00A2,2031,2034,2036,2037,20A7

00B0,2030,2032,2033,2035,2103,2109,2126

FE6A,FF05,FFE0

55

56
Space
N

W
0020

3000

57
Hiragana, except small letters
W
3042,3044,3046,3048,304A-3062,3064-3082,3084, 3086,3088-308D,

308F-3094

58

59
Katakana, except small letters
N

W
FF66,FF71-FF9D

30A2,30A4,30A6,30A8,30AA-30C2,30C4-30E2,30E4, 30E6,30E8-30ED,

30EF-30F4,30F7-30FA

60
Ambiguous symbols
A
00A1,00A4,00A7,00A8,00AF,00B1,00B4,00B6-00B8,00BC-00BF,00D7,

00F7,2015,2016,2020,2021,203B,2105,2113,2121,2122,212B,2153,…

61
Ambiguous Latin
A
00C6,00D0,00D8,00DE-00E1,00E6,00E8-00EA,00EC,00ED,00F0,00F2,

00F3,00F8-00FA,00FC,00FE,0101,0111,0113,011B,0126,0127,012B,…

62
Ambiguous Greek
A
0391-03A1,03A3-3A9,03B1-03C1

63
Ambiguous Cyrillic
A
0401,0410-044F,0451

64
Han Ideographs
W
4E00-9FA5,F900-FA2D

65
End user defined characters
W
E000,E757

66

67
Hangul
N

W
FFA0-FFBE,FFC2-FFC7,FFCA-FFCF,FFD2-FFD7,FFDA-FFDC

1100-1159,115F-11A2,11A8-11F9,3131-318E,

3200-321C,3260-327B,327F,AC00-D7A3

68
Compatibility Ideographs
W
3004,3190-319F,3220-3243,3280-32B0,3358-3370,337B-337E,337F,

33E0-33FE

69

70
Other Ideographs
N

W
FFE8-FFEE

3003,3006,3007,3012,3013,3020,3021-3029,302A-302F,3030-3037,

303F,32C0-32CB,32D0-32FE,3300-3357,3371-3376,3380-33DD,FE30,..

71

72
Superscript/subscript/attachments
N

A
2070,2075-207E,2080,2085-208E

00AA,00B2,00B3,00B9,00BA,2074,207F,2081-2084

73

74
Digits
N

W
0030-0039

FF10-FF19

75

76
Basic Latin
N

W
0041-005A,0061-007A

FF21-FF3A,FF41-FF5A

77
Word breaking spaces
N
2000-2006,2008-220B

78
79
Punctuation in text
N

Α
001E,02B9-02C5,02C8,02CC,02CE-02CF,02D1-02D7,02DE,

02E5-02E9,200C-200F,2011,FE20-FE23

02D0,0300-345,0360,0361

80
Soft Hyphen
A
001F,00AD

81

82
Hyphen
N

A
002D,2012

2010,2013

83
Apostrophe
N
0027

84
Quotation mark
N
0022

85
Slash
N
002F

86
Non space word break
N
0009,000A,000C-000E,2028-2029

87
Latin
N
00C0-00C5,00C7-00CF,00D1-00D6,00D9-00DD,00E2-00E5,00E7,

00EB,00EE,00EF,00F1,00F4-00F6,00FB,00FD,00FF,0100,0102-0110,

88

89
Latin Punctuation in text
N

A
02B0-02B8,02C6,02DC,02E0-02E4

02C7,02C9-02CB,02CD,02D8-02DB,02DD

90
Greek
N
0386,0388-038A,038C,038E-0390,03AA-03B0,03C2,03CA-03CE,03DA,

03DC,03DE,03E0,03E2-03EF,1F00-1F15,1F18-1F1D,1F20-1F45,…

91
Greek punctuation in text
N
0374,0375,037A,037E,0384-0385,0387

92
Cyrillic
N
0400,0402-040C,040D-040F,0450,0452-048,0490-04C4,04C7-04C8,

04CB,04CC,04D0-04EB,04EE-04F5,04F8,04F9

93
Cyrillic punctuation in text
N
0482-0486

94
Armenian
N
0531-0556,0561-0587,FB13-FB17

95
Armenian punctuation in text
N
0559-055F

96
Hebrew
N
0591-05A1,05A3-05B9,05BB-05C4,05D0-05EA,05F0-05F4,FB1E-FB36,

FB38-FB3C,FB3E,FB40,FB41,FB43,FB44,FB46-FB4F

97
Arabic
N
060C,061B,061F,0621-063A,0640-0652,0660-066D,0670-06B7,

06BA-06BE,06C0-06CE,06D0-06ED,06F0-06F9,FB50-FBB1,FBD3,…

98
Devanagari
N
0901-0903,0905-0939,093C-04D,0950-0954,0958-0970

99
Bengali
N
0981-0983,0985-098C,098F,0990,0993-09A8,09AA-09B0,09B2,

09B6-09B9,09BC,09BE-09C4,09C7,09C8,09CB-09CD,09D7,09DC,…

100
Gurmukhi
N
0A02,0A05-0A0A,0A0F,0A10,0A13-0A28,0A2A-0A30,0A32,0A33,0A35,

0A36,0A38,0A39,0A3C,0A3E-0A42,0A47,0A48,0A4B-0A4D,0A59,…

101
Gujurati
N
0A81-0A83,0A85-0A8B,0A8D,0A8F-0A91,0A93-0AA8,0AAA-0AB0,

00AB2,0AB3,0AB5-0AB9,0ABC-0AC5,0AC7-0AC9,0ACB-0ACD,0AD0,…

102
Oriya
N
0B01-0B03,0B05-0B0C,0B0F,0B10,0B13-0B28,0B2A-0B30,0B32,0B33,

0B36-0B39,0B3C-0B43,0B47-0B48,0B4B-0B4D,0B56,0B57,0B5C,…

103
Tamil
N
0B82,0B83,0B85-0B8A,0B8E-0B90,0B92-0B95,0B99,0B9A,0B9C,0B9E,

0B9F,0BA3,0BA4,0BA8-0BAA,0BAE-0BB5,0BB7-0BB9,0BBE-0BC2,…

104
Telugu
N
0C01-0C03,0C05-0C0C,0C0E-0C10,0C12-0C28,0C2A-0C33,

0C35-0C39,0C3E-0C44,0C46-0C48,0C4A-0C4D,0C55,0C56,0C60,…

105
Kannada
N
0C82,0C83,0C85-0C8C,0C8E-0C90,0C92-0CA8,0CAA-0CB3,

0CB5-0CB9,0CBE-0CC4,0CC6-0CC8,0CCA-0CCD,0CD5,0CD6,0CDE,…

106
Malayalam
N
0D02,0D03,0D05,0D0E-0D10,0D12-D28,0D2A-0D39,0D3E-0D43,

0D46-0D48,0D4A-0D4D,0D57,0D60,0D61,0D66-0D6F

107
Thai
N
0E01-E3A,0E3F-0E5B

108
Lao
N
0E81,0E82,0E84,0E87-0E88,0E8A,0E8D,0E94-0E97,0E99-0E9F,

0EA1-0EA3,0EA5,0EA7,0EAA,0EAB,0EAD-0EB9,0EBB-0EBD,0EC0,…

109
Tibetan
N
0F00-0F47,0F49-F69,0F71-0F8B,0F90-0F95,0F97,0F99-0FAD,

0FB1-0FB7,0FB9

110
Georgian
N
10A0-10C5,10D0-10F6

111
Georgian punctuation in text
N
10FB

112
Bopomofo
N
3105-312C

113
No Break space
N
00A0

113
Other symbols
N
0001-0008,000B,000F-001D,0023,0026,002A,002B,003C-003E,0040,

005E-0060,007C,007E-009F,00A6,00A9,00AC,00AE,00B5,2017,2023,…

114
Other undefined or reserved characters
N


Typical usage of these partitions:

The partitions are mapped to a specific behavior class set (for example line breaking). This allows about 35000 Unicode characters to be mapped into specific line breaking behavior classes (typically less than 20). Then these classes are used in single or dual index array where each position describes a behavior. The same partition space is used for all the behavior classes. This justifies the dual mapping process. Only the first mapping (character code to partition) is potentially time consuming, although there are several ways to optimize it (ASCII cache and general-purpose cache).








































Line breaking (a comprehensive study)

Line breaking is the process by which line breaking opportunities are determined in a given line of text. In Western text, those opportunities are based either on ‘space/white space’ or hyphenation. In many East Asian writing systems, line-breaking opportunities exist almost anywhere. The forbidden cases are specified as ‘Kinsoku’ in Japanese and can be extrapolated to a Chinese context. For example it is not desirable to have a closing parenthesis ‘)’ starting a line. Korean rules are somewhere between Western and Japanese rules as Korean texts typically use space as a word delimiter. Determining line breaking opportunities for Asian writing systems usually requires a two character context, possibly three if the decision to whether breaking across space or not is also analyzed. (It may be seem obvious that we should always break across space, but there are cases in Japanese typography where it is not desirable to do so).

The following context elements should be considered:

· It may be desired to just provide Western type line breaking (i.e. on space characters and related ‘white’ space characters. In that case many Asian writing systems (Japanese, Chinese) will behave poorly, but it is very fast. This requires the minimum context analysis.

· Let Asian scripts break more or less everywhere while keeping the typical Western line breaking. This is typically called loose line breaking (or Kinsoku off).

· Provide normal Kinsoku rules. This is the standard mode where symbols are allowed to either start or end a line based on their relationship to previous or following characters. In that case most ideographic characters are allowed to either start or end a line.

· Apply stricter Kinsoku rules by not allowing small kana characters to start a line.

Two additional contextual elements apply to the previous rules:

· Allow Western text (really non-East Asian text) to break everywhere. This may provide incorrect line breaking within Western text but is more visually pleasing in Asian context.

· Keep ideographic characters and Hangul together. This mode is used in Korean context where typically Hanja and Hangul appear in clusters separated by space characters.

Line breaking behavior class determination

Simply put, the line-breaking problem can be expressed as a three-character context where the middle character is predetermined (space) and 6 options corresponding to the contextual elements indicated above. First, the strict Western line-breaking rule can be dealt very simply as no contextual analysis is required.

For all others, the solution is as following:

a) Map partitions to line-breaking behavior classes, based on character code and two additional flags:
1- Narrow or Wide, based on used font
2- Kinsoku strict or not (change the mapping for some Kana characters)

b) Use two line breaking behavior tables, one for kinsoku normal or strict and one for kinsoku loose

c) In each of these tables, allows these behaviors:
0- allow line breaking
1- no line breaking even across space
2- no line breaking but can break across space
3- like 2, except when Western text is allowed to break everywhere (then it behaves like 0)
4- like 0, except when Hangul is kept together (then it behaves like 2)

The following table describes mapping from the Unicode partitions specified earlier and the line-breaking behavior. In some rare cases, the ambiguous characters need to be resolved between Narrow and Wide. One additional flag is used: Kinsoku strict.

Partition ID
Partition names
Width variants
Line Breaking behavior and condition

1
Open brackets for inline-note
W
1

2,3,4
Open parenthesis
NHW
1

5
Open parenthesis, Big 5
W
1

6
Open quotes
N
14

7
Open quotes
A
14 (Narrow) or 1 (Wide)

8
Open quotes
W
1

9
Close brackets for inline-note
W
2

10,11,12
Close parenthesis
NHW
2

13
Close parenthesis, Big 5
W
2

14
Close quotes
N
14

15
Close quotes
A
14 (Narrow) or 2 (Wide)

16
Close quotes
W
2

17
Right single quotation mark
A
14 (Narrow) or 2 (Wide)

18,19,20
Comma
NHW
15 (N) or 2 (HW)

21
Comma, Big 5
W
2

22,23
Kana Sound marks
NW
3

24
Iteration mark
W
3

25,26
Symbols which can’t start a line
NW
3

27
Hiragana iteration marks
W
3

28
Katakana iteration marks
W
3

29,30
Katakana that can’t start a line
NW
8 or 3 (if kinsoku strict)

31
Hiragana that can’t start a line
W
8 or 3 (if kinsoku strict)

32,33
Question/exclamation
NW
4 (N) or 3 (W)

34
 Question/exclamation, Big 5
W
3

35,36
Kana centered characters
NW
3

37,38
Other centered characters
NW
15 (N) or 3 (W)

39
Other centered characters, Big 5
W
3

40
Hyphenation point
A
3

41,42,43
Period
NHW
15 (N) or 2 (HW)

44
Period, Big 5
W
2

45,46
Inseparable characters
NA
5

47
Glue characters
N
12

48,49,50,51
Prefix currencies and symbols
NAHW
6

52,53,54
Postfix currencies and symbols
NAW
7

55,56
Space
NW
10 (N) or 8 (W)

57
Hiragana, except small letters
W
8

58,59
Katakana, except small letters
NW
8

60,61,62,63
Ambiguous symbols, Latin, Greek, Cyrillic
A
11 (Narrow) or 8 (Wide) 

64
Han Ideographs
W
8

65
End user defined characters
W
8

66,67
Hangul
NW
8

68
Compatibility Ideographs
W
8

69,70
Other Ideographs
NW
8

71,72
Super/subscript/attachment characters
NA
11

73,74
Digits
N
9 (N) or 8 (W)

75,76
Basic Latin
N
11 (N) or 8 (W)

77
Word breaking spaces
N
10

78
Punctuation in text
N
11

79
Punctuation in text
A
11 (Narrow) or 8 (Wide)

80
Soft Hyphen
A
10

81,82
Hyphen
NA
10

83
Apostrophe
N
14

84
Quotation mark
N
14

85
Slash
N
13

86
Non space word break
N
10

87
Latin
N
11

88
Latin Punctuation in text
N
11

89
Latin Punctuation in text
A
11 (Narrow) or 8 (Wide)

90
Greek
N
11

91
Greek Punctuation in text
N
11

92
Cyrillic
N
11

93
Cyrillic Punctuation in text
N
11

94
Armenian
N
11

95
Armenian Punctuation in text
N
11

96-109
Hebrew Arabic Devanagari Bengali Gurmukhi Gujarati Oriya Tamil Telugu Kannada Malayalam Thai Lao Tibetan
N
11

110
Georgian
N
11

111
Georgian Punctuation in text
N
11

112
Bopomofo
N
11

113
No Break space
N
12

114
Other symbols
N
11

115
Undefined or reserved characters
N
11

Line breaking behavior tables

The following table is the standard line breaking behavior class used when kinsoku normal or strict are used:



After character

Before character
Class #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

 Opening characters
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

 Closing characters
2

1
1
1


2




2
1
2
1

 No start ideographic
3

1
2
1







2
1
2
1

 Exclamation/interrogation
4

1
2
1







2
1
2
1

 Inseparable
5

1
2
1
2






2
1
2
1

 Prefix
6
2
1
2
1



2
2

2
2
1
2
1

 Postfix
7

1
2
1







2
1
2
1

 Ideographic
8

1
2
1
2

2
4


4
2
1
2
1

 Numeral sequence

9

1
2
1
2

2

3

3
2
1
2
1

 Alpha space
10

1
2
1







2
1
2
1

 Alpha characters/symbols
11

1
2
1
2


4
3

3
2
1
2
1

 Glue Characters
12
2
1
2
1
2
2
2
2
2
2
2
2
1
2
1

 Slash
13

1
2
1




2


2
1
2
1

 Quotation characters
14
1
1
2
1
2
2
2
2
2
2
2
2
1
2
1

Numeric separators
15

1
2
1


2

2


2
1
2
1

Line Break Behavior table (kinsoku normal or strict)

Notes:

· An empty cell indicates that line breaking is allowed between these 2 classes with an implied index value of 0. ‘1’ indicates no line breaking as well as no break across space, ‘2’ indicates no line breaking, but can break across space. ‘3’ is identical to ‘2’, except when Western text is allowed to break anywhere, in that case it behaves like ‘0’. ‘4’ is identical is identical to ‘0’, except when Hangul text is kept together (word-wrap on), in that case it behaves like ‘2’.

The following table shows a variant used for the case when kinsoku is turned ‘loose’. It is sometimes called ‘kinsoku off’, however the line breaking behavior table is still active, unlike the typical Western line breaking which is based only on space characters and hyphenation.



After character

Before character
Class #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

 Opening characters
1











2
1



 Closing characters
2











2
1



 No start ideographic
3











2
1



 Exclamation/interrogation
4











2
1



 Inseparable
5




1






2
1



 Prefix
6











2
1



 Postfix
7











2
1



 Ideographic (HWWW off)
8







4


4
2
1



 Numeral sequence

9




2



3

3
2
1



 Alpha space
10











2
1



 Alpha characters/symbols
11




2


4
3

3
2
1



 Glue Characters
12
2
2
2
2
2
2
2
2
2
2
2
2
1
2
2

 Slash
13








2


2
1



 Quotation characters
14











2
1



Numeric separators
15











2
1



Line Break Behavior table (kinsoku loose)

Another example (Width modification behavior table and autospacing)

It is not possible in this contribution to expose in details all the usage of the partition mechanism. It would take too many pages. However the following case shows again how it can be used to determine behavior based on a character pair context. Asian fonts are often designed to contain mostly ‘wide’ characters, even for symbols. To provide a better result it is desirable to decrease the width of some of these ‘wide’ characters. For example in a Japanese font two following parenthesis may look like this:

   (   ( text )   )

If the width is adjusted, it will look like this:

   (( text ))

It is similar to kerning, but instead of using font information, the character codes are used to determine when it is appropriate to make a negative adjustment (JIS X 4051 would consider this a positive adjustment). 

Assuming that the partition space have been mapping to the 16 classes below the behaviors can be described as follows (the rows describe the preceding character class, the columns describe the following character class):   


After behavior class

Before behavior class
1
 2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

 Open parenthesis N
1

















 Open parenthesis W
2

 (vertical variant)

0,-½

0,-½












0,-½

0,0


 Close parenthesis N
3

















 Close parenthesis W
4

-½,0

-½,0

-½,0



-½,0

-½,0

-½,0
-½,0


 Neutral characters N
5

















 Comma W
6

-½,0

-½,0

-½,0



-½,0

-½,0

-½,0
-½,0


 Hiragana/Katakana W
7

















 Question/Exclamation W
8

















 Punctuation  N
9

















 Centered characters  W
10

 (vertical variant)

0,-½

0,-½












0,-½

0,0


 Hiragana/Katakana N
11

















 Period W
12

-½,0

-½,0

-½,0





-½,0


-½,0


 Space N
13

















 Space W
14

















 Open quotes A
15

(vertical variant)

0,-½

-½,-½












0,-½

-½,0


 Others
16

















Width Modification Behavior table

Notes:

· The first number shows the Em fraction added or removed from the right side of the preceding character.

· The second number shows the Em fraction added or removed from the left side of the following character.

· Blank cells correspond to a {0,0} action pair.

· Typically the adjustment are identical in horizontal and vertical text flow, when different the variant values are indicated.

The previous table shows a negative adjustment, however there are cases where the adjustment should be positive (i.e. add width). For example it is sometimes desired to add space between Western text and Japanese text. For example, by default the text would look like:

KANJIwestern textKANJI

To improve its reading, it would be modified like this:

KANJI western text KANJI

(space have been added after the ‘I’ and before the second ‘K’. This is called auto spacing. In this case, JIS X 4051 would consider the adjustment to be positive as well.

The Auto Spacing behavior table determines the width positive adjustment (in Em fraction) that is required for some specific context (the rows describe the preceding character class, the columns describe the following character class): 


After behavior class (NULL is end of line)


Before behavior class
NULL
1
 2
3
4
5
6
7
8
9
10
11
12
13
14
15 
16
17
18

 Start of line
0




















 Open parenthesis N
1




















 Open parenthesis W
2




















 Close parenthesis N
3







¼







¼




 Close parenthesis W
4




















 Neutral character N
5




















 Comma W
6




















 Hiragana/Katakana W
7

¼














¼
¼


 Question/Exclamation W
8
















¼
¼


 Punctuation N
9




















 Centered characters  W
10




















 Hiragana/Katakana N
11




















 Period W
12




















 Space N
13




















 Space W
14




















 Ideographic W
15

¼














¼
¼


 Alphabets (option) N
16







¼







¼




 Digits (option) N
17







¼







¼




 Others
18




















Auto Spacing Behavior table

Font selection

Font selection is the mechanism by which the appropriate font may be chosen for a given character based on the character code. Although it may be desirable to have a single font representing all Unicode characters there are several problems with that approach:

· Obviously the font size, such a font designed with True Type technology may require well above 20MB of file size, maybe even more than 30MB. Font tools are few which can deal with such large fonts, moreover Operating Systems are not optimized for such large fonts.

· The Unicode character unification principle creates several challenges. The obvious one is CJK unification (Chinese, Japanese and Korean), but even the symbols are significantly unified. For example the Armenian script shares with the Latin script the use of the comma, the period and semi-colon (among others), but when mixed in multi-lingual text they would always look different (the Armenian style is bolder and less rounded).

· Not all width variants are encoded into Unicode. Only the ASCII characters, few Katakana and Hangul characters have been encoded in full-width, half-width variants. Many other characters should be presented with either a narrow or wide form, depending on context. Typical examples are Cyrillic and Greek characters on Asian context, which are displayed in their wide form, while they will be displayed in their narrow form elsewhere.

· Many scripts require a glyph-based approach for rendering and therefore the supporting fonts must contain extra information. Such scripts are Arabic, Hebrew, and most of the South Asian ones. It is not practical to combine too many of those scripts with regular ‘character based’ fonts.

In consequence, it is desirable to provide a script determination from the Unicode character code to help the font selection. The determination is trivial for the vast majority of the characters, but requires more complex analysis for many unified characters. The following list describes a set of scripts ordered by first appearance in Unicode code points:

AsciiLatin, Latin, Greek, Cyrillic, Armenian, Hebrew, Devanagari, Bengali, Gurmukhi, Gujarati, Oriya, Tamil, Teluga, Kannada, Malayalam, Thai, Lao, Tibetan, Georgian, Hangul, Kana, Bopomofo, Han.

And two specials values:

1. Default (used for general-purpose symbols)

2. AssociateWithLanguage (AWL, means that font determination is based on current text language family).

The following table based on the partition scheme described earlier, shows how characters are mapped into fonts.

Partition ID
Partition names
Width variants
Font associated with Script

1
Open brackets for inline-note
W
Han

2,3,4
Open parenthesis
NHW
Default (N), Han (HW)

5
Open parenthesis, Big 5
W
Han

6,7,8
Open quotes
NAW
Default (N), AWL (A), Han (W)

9
Close brackets for inline-note
W
Han

10,11,12
Close parenthesis
NHW
Default (N), Han (HW)

13
Close parenthesis, Big 5
W
Han

14,15,16
Close quotes
NAW
Default (N), AWL (A), Han (W)

17
Right single quotation mark
A
AWL

18,19,20
Comma
NHW
AWL (N), Han (HW)

21
Comma, Big 5
W
Han

22,23
Kana sound marks
NW
Kana

24
Iteration mark
W
Han

25,26
Symbols which can’t start a line
NW
Default (N) or Han (W)

27
Hiragana iteration marks
W
Kana

28
Katakana iteration marks
W
Kana

29,30
Katakana that can’t start a line
NW
Kana

31
Hiragana that can’t start a line
W
Kana

32,33
Question/exclamation
NW
AWL (N) or Han (W)

34
Question/exclamation, Big 5
W
Han

35,36
Kana centered characters
NW
Kana

37,38
Other centered characters
NW
AWL (N) or Han (W)

39
Other centered characters, Big 5
W
Han

40
Hyphenation point
A
AWL

41,42,43
Period
NHW
AWL (N), Han (HW)

44
Period, Big 5
W
Han

45,46
Inseparable characters
NA
Default (N) AWL (A)

47
Glue characters
N
Default

48,49,50,51
Prefix currencies and symbols
NAHW
Default (N), AWL (A), Hangul (H), Han(W)

52,53,54
Postfix currencies and symbols
NAW
Default (N), AWL (A) or Han (W)

55,56
Space
NW
AWL (N) or Han (W)

57
Hiragana, except small letters
W
Kana

58,59
Katakana, except small letters
NW
Kana

60
Ambiguous symbols
A
AWL

61,62,63
Ambiguous Latin, Greek and Cyrillic
A
Latin, Greek or Cyrillic or AWL in Asian context

64
Han Ideographs
W
Han

65
End user defined characters
W
Han

66,67
Hangul Ideographs
NW
Hangul

68
Compatibility Ideographs
W
Han

69,70
Other Ideographs
NW
Han

71,72
Super/subscript/attachment characters
NA
Default (N) AWL (A)

73,74
Digits
NW
AsciiLatin (N) or Han (W) 

75,76
Basic Latin
NW
AsciiLatin (N) or Han (W)

77
Word breaking spaces
N
Default

78,79
Punctuation in text
NA
AWL

80
Soft Hyphen
A
AWL

81,82
Hyphen
NA
Default (N) AWL (A)

83
Apostrophe
N
AWL

84
Quotation mark
N
AWL

85
Slash
N
AWL

86
Non space word break
N
AWL

87
Latin 
N
Latin

88
Latin punctuation in text
N
Latin

89
Latin punctuation in text
A
Latin or AWL in Asian context

90,91
Greek, Greek punctuation in text
N
Greek

92,93
Cyrillic, Cyrillic punctuation in text
N
Cyrillic

94,95
Armenian, Armenian punctuation in text
N
Armenian

96-109
Hebrew Arabic Devanagari Bengali Gurmukhi Gujurati Oriya Tamil Telugu Kannada Malayalam Thai Lao Tibetan
N
Hebrew Arabic Devanagari Bengali Gurmukhi Gujurati Oriya Tamil Telugu Kannada Malayalam Thai Lao Tibetan

110,111
Georgian, Georgian punctuation in text
N
Georgian

112
Bopomofo
N
Bopomofo

113
No Break space
N
Default

114
Other symbols
N
Default

115
Undefined or reserved characters
N
Default

Ruby overhanging

Ruby is a feature used in Asian context (especially in Japan) to indicate the pronunciation, meaning, etc. positioned alongside the principal characters (typically above in horizontal text flow, or on the right in vertical text flow). In this case, it is also interesting to use a classification for the characters preceding and following the principal characters to let the Ruby sequence overhang on top of those preceding/following characters. Characters may have different behavior when preceding or following the principal characters. A mapping from the partitions to the overhanging class is all it takes.

The overhanging class set contains only four members: No overhanging, Allowed only before, Allowed only after and Allowed in both case. The following shows a portion of the mapping between partitions and overhanging behavior:

Partition ID
Partition names
Width variants
Overhanging class

 (blank means None)

1
Open brackets for inline-note
W
Both

2,3,4
Open parenthesis
NHW
Before (NH) or Both (W)

5
Open parenthesis, Big 5
W
Both

6,7,8
Open quotes
NAW
Before

9
Close brackets for inline-note
W
Both

10,11,12
Close parenthesis
NHW
After (NH) or Both (W)

13
Close parenthesis, Big 5
W
Both

14,15,16
Close quotes
NAW
After

17
Right single quotation mark
A
After

18,19,20
Comma
NHW
After (NH) or Both (W)

21
Comma, Big 5
W
After

22,23
Kana sound marks
NW
Before

24
Iteration mark
W
Before

25,26
Symbols which can’t start a line
NW
Before

27
Hiragana iteration marks
W
Before

28
Katakana iteration marks
W
Before

29,30
Katakana that can’t start a line
NW
Before

31
Hiragana that can’t start a line
W
Before

32,33
Question/exclamation
NW
None

34
Question/exclamation, Big 5
W
None

…
…
…
…

Conclusion

Through these various examples we have seen how a detailed analysis of the Unicode character content can allow defining precisely targeted behavior.  This is not addressing all world needs, for example Bi-directional writing systems like Hebrew and Arabic have their own rules, not covered in this contribution. There are also complex flow issues, like Ruby, inline horizontal in vertical (tatenaka yoko), in line notes (warichu), combined characters (kumimoji), etc…which requires mechanisms beyond character classification and table driven behavior. Many of these objects are described in the JIS specification and can be implemented using the guidelines provided there.

The goal of this contribution is to show than platform independent complex behaviors can be implemented using easy to maintain table driven approach based largely on the JIS X 4051 reference model. 

Partitions








Behavior class (8)





Behavior table (8x8)
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