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HarfBuzz Indic Shaper

● Maintain three diverging Indic shapers
● Font vs shaper bug / feature / responsibility
● Existing implementations too magical

⇒ Develop a new shaper “to rule ‘em all”!
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HarfBuzz Indic Shaper: Syllable Analysis
Consonant syllable:

{C+[N]+<H+[<ZWNJ|ZWJ>]|<ZWNJ|ZWJ>+H>} + C+[N]+[A] + [< 
H+[<ZWNJ|ZWJ>] | {M}+[N]+[H]>]+[SM]+[(VD)]

Vowel-based syllable:
[Ra+H]+V+[N]+[<[<ZWJ|ZWNJ>]+H+C|ZWJ+C>]+[{M}+[N]+[H]]+[SM]+[(VD)]

Stand Alone cluster (at the start of the word only):
#[Ra+H]+NBSP+[N]+[<[<ZWJ|ZWNJ>]+H+C>]+[{M}+[N]+[H]]+[SM]+[(VD)]

http://www.microsoft.com/typography/OpenTypeDev/devanagari/intro.htm



HarfBuzz Indic Shaper: Syllable Analysis
c = (C | Ra); # is_consonant
n = ((ZWNJ?.RS)? (N.N?)?); # is_consonant_modifier
z = ZWJ|ZWNJ; # is_joiner
h = H | Coeng; # is_halant_or_coeng
reph = (Ra H | Repha); # possible reph

cn = c.ZWJ?.n?;
forced_rakar = ZWJ H ZWJ Ra;
symbol = Symbol.N?;
matra_group = z{0,3}.M.N?.(H | forced_rakar)?;
syllable_tail = (SM.SM?.ZWNJ?)? A{0,3}? VD{0,2};
place_holder = PLACEHOLDER | DOTTEDCIRCLE;
halant_group = (z?.h.(ZWJ.N?)?);
final_halant_group = halant_group | h.ZWNJ;
medial_group = CM?.CM2?;
halant_or_matra_group = (final_halant_group | (h.ZWJ)? matra_group{0,4}) (Coeng (cn|V))?;

consonant_syllable = Repha? (cn.halant_group){0,4} cn medial_group halant_or_matra_group syllable_tail;
vowel_syllable = reph? V.n? (ZWJ | (halant_group.cn){0,4} medial_group halant_or_matra_group syllable_tail);
standalone_cluster = (Repha? PLACEHOLDER | reph? DOTTEDCIRCLE).n? (halant_group.cn){0,4} medial_group halant_or_matra_group 
syllable_tail;
symbol_cluster = symbol syllable_tail;
broken_cluster = reph? n? (halant_group.cn){0,4} medial_group halant_or_matra_group syllable_tail;
other = any;

https://github.com/behdad/harfbuzz/blob/master/src/hb-ot-shape-complex-indic-machine.rl



HarfBuzz Indic Shaper: Character Types
C consonant
V independent vowel
N nukta
H halant/virama
ZWNJ zero width non-joiner
ZWJ zero width joiner
M matra (up to one of each type: pre-, above-, below- or post- base)
SM syllable modifier signs
VD vedic
A anudatta (U+0952)
NBSP NO-BREAK SPACE

http://www.microsoft.com/typography/OpenTypeDev/devanagari/intro.htm



HarfBuzz Indic Shaper: Character Types
 INDIC_SYLLABIC_CATEGORY_AVAGRAHA             = OT_Symbol,
 INDIC_SYLLABIC_CATEGORY_BINDU                = OT_SM,
 INDIC_SYLLABIC_CATEGORY_CANTILLATION_MARK    = OT_A,
 INDIC_SYLLABIC_CATEGORY_CONSONANT            = OT_C,
 INDIC_SYLLABIC_CATEGORY_CONSONANT_FINAL      = OT_CM,
 …
 INDIC_SYLLABIC_CATEGORY_JOINER               = OT_ZWJ,
 INDIC_SYLLABIC_CATEGORY_MODIFYING_LETTER     = OT_X,
 INDIC_SYLLABIC_CATEGORY_NON_JOINER           = OT_ZWNJ,
 INDIC_SYLLABIC_CATEGORY_NUKTA                = OT_N,
 INDIC_SYLLABIC_CATEGORY_REGISTER_SHIFTER     = OT_RS,
 INDIC_SYLLABIC_CATEGORY_TONE_LETTER          = OT_X,
 INDIC_SYLLABIC_CATEGORY_TONE_MARK            = OT_N,
 INDIC_SYLLABIC_CATEGORY_VIRAMA               = OT_H,
 INDIC_SYLLABIC_CATEGORY_VISARGA              = OT_SM,
 INDIC_SYLLABIC_CATEGORY_VOWEL                = OT_V,
 INDIC_SYLLABIC_CATEGORY_VOWEL_DEPENDENT      = OT_M,
 INDIC_SYLLABIC_CATEGORY_VOWEL_INDEPENDENT    = OT_V

https://github.com/behdad/harfbuzz/blob/master/src/hb-ot-shape-complex-indic-private.hh



HarfBuzz Indic Shaper: Shape It
1. Find base consonant
2. Decompose and reorder Matras
3. Reorder marks to canonical order
4. Final reordering

http://www.microsoft.com/typography/OpenTypeDev/devanagari/intro.htm



HarfBuzz Indic Shaper: Shape It
/* 1. Find base consonant:

/* 2. Decompose and reorder Matras:

/* 3. Reorder marks to canonical order:

/* 4. Final reordering:

https://github.com/behdad/harfbuzz/blob/master/src/hb-ot-shape-complex-indic.cc



HarfBuzz Indic Shaper: Test It!



HarfBuzz Indic Shaper: Test It!

DR. UNISCRIBE
(OR HOW I LEARNED TO STOP WORRYING AND LOVE WINDOWS)



HarfBuzz Indic Shaper: Test It!

hb-view
hb-shape



HarfBuzz Indic Shaper: Test It!
$ hb-view arabtype.ttf 

$ hb-shape arabtype.ttf 
[uniFE8E=3+343|uniFE98=2+376|uni064E=0@501,-260+0|
 uni0640.curvehalf=0@0,34+152|uniFEB3=0@0,34+840]

$ hb-shape arabtype.ttf        --shaper=uniscribe
[uniFE8E=3+343|uniFE98=2+376|uni064E=0@501,-260+0|
 uni0640.curvehalf=0@0,34+152|uniFEB3=0@0,34+840]



HarfBuzz Indic Shaper: Test It!
$ hb-view arabtype.ttf 

$ hb-shape arabtype.ttf 
[uniFE8E=3+343|uniFE98=2+376|uni064E=0@501,-260+0|
 uni0640.curvehalf=0@0,34+152|uniFEB3=0@0,34+840]

$ hb-shape arabtype.ttf        --shaper=coretext
[uniFE8E=3+343|uniFE98=2+376|uni064E=0@???,???+0|
 uni0640.curvehalf=0@0,34+152|uniFEB3=0@0,34+840]



HarfBuzz Indic Shaper: Test It!

“If it ain’t tested,
it’s broken”



HarfBuzz Indic Shaper: Test It!
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HarfBuzz Indic Shaper: Fix It!
May 2012; power of coffee, Indian food, and two people on one laptop...

    

    DEVANAGARI: 35% → 0.08%: of 693628 tests, 560 failed    



HarfBuzz Indic Shaper: Fix It!
July 2012

    BENGALI: 353908 out of 354285 tests passed. 377 failed (0.106412%)

    DEVANAGARI: 693572 out of 693628 tests passed. 56 failed (0.00807349%)

    GUJARATI: 366485 out of 366506 tests passed. 21 failed (0.00572978%)

    GURMUKHI: 60750 out of 60809 tests passed. 59 failed (0.0970251%)

    KANNADA: 950730 out of 951913 tests passed. 1183 failed (0.124276%)

    KHMER: 298613 out of 299124 tests passed. 511 failed (0.170832%)

    MALAYALAM: 1046881 out of 1048416 tests passed. 1535 failed (0.146411%)

    ORIYA: 42320 out of 42329 tests passed. 9 failed (0.021262%)

    SINHALA: 271333 out of 271847 tests passed. 514 failed (0.189077%)

    TAMIL: 1091837 out of 1091837 tests passed. 0 failed (0%)

    TELUGU: 970524 out of 970573 tests passed. 49 failed (0.00504856%)



HarfBuzz Indic Shaper: Fix It!
Today

    BENGALI: 353724 out of 354188 tests passed. 464 failed (0.131004%)

    DEVANAGARI: 707307 out of 707394 tests passed. 87 failed (0.0122987%)

    GUJARATI: 366349 out of 366457 tests passed. 108 failed (0.0294714%)

    GURMUKHI: 60732 out of 60747 tests passed. 15 failed (0.0246926%)

    KANNADA: 951190 out of 951913 tests passed. 723 failed (0.0759523%)

    KHMER: 299070 out of 299124 tests passed. 54 failed (0.0180527%)

    MALAYALAM: 1048140 out of 1048334 tests passed. 194 failed (0.0185056%)

    ORIYA: 42320 out of 42329 tests passed. 9 failed (0.021262%)

    SINHALA: 271662 out of 271847 tests passed. 185 failed (0.068053%)

    TAMIL: 1091753 out of 1091754 tests passed. 1 failed (9.15957e-05%)

    TELUGU: 970555 out of 970573 tests passed. 18 failed (0.00185457%)



HarfBuzz Indic Shaper:



Noto fonts



Noto fonts: goals

“all” of Unicode
homogenous
open source



Noto fonts: 0 to 90%
1–7 weights, 90+ scripts, 300+ font files, 700+ 
languages, 600K+ unique glyphs

○ sans/serif
○ naskh/kufi/nastaliq
○ Eastern/Western/Estrangela
○ color/b&w emoji



Noto fonts: 0 to 90%
Arabic/Persian/Urdu
Hindi/Marathi
Burmese/Mon/Sgaw Karen
vertical forms
ideographic variation sequences



Noto fonts: 90 to 95%
Hindi

Nepali

Vedic



Noto fonts: 90 to 95%



Noto fonts: beyond 95%
advanced positioning

○ centering cantillation marks
○ nastaliq

combinations from the real world
○ Oriya with Vedic marks
○ Arabic with nikud
○ Unicode “art”

unknown requirements



Unicode

OpenType Fonts



Unicode

OpenType Fonts



Unicode ⇒ OpenType
Normalization
mark ordering for stacking
Default_Ignorables (sans exceptions)
U+2044 FRACTION SLASH ⇒ ‘frac’/‘numr’/‘dnom’
U+200D ZERO WIDTH JOINER ⇒ ‘dlig’
U+00A0 NO-BREAK SPACE ⇒ U+0020 SPACE



Unicode ⇒ OpenType: normalization



Unicode ⇒ OpenType: mark ordering



Unicode ⇒ OpenType: Default_Ignorables



Unicode ⇒ OpenType: Default_Ignorables

U+0065,U+0066,U+00AD,U+0066,U+006F,U+0072,U+0074



Unicode ⇒ OpenType: fraction slash
U+0033 DIGIT THREE
U+200B ZERO WIDTH SPACE
U+0031 DIGIT ONE
U+0030 DIGIT ZERO
U+2044 FRACTION SLASH
U+0037 DIGIT SEVEN
U+0031 DIGIT ONE



Unicode

OpenType Fonts



OpenType ⇒ Fonts: Mark Attachment
$ hb-view arabtype.ttf 

$ hb-shape arabtype.ttf 
[uniFE8E=3+343|uniFE98=2+376|uni064E=0@501,-260+0|
 uni0640.curvehalf=0@0,34+152|uniFEB3=0@0,34+840]



OpenType ⇒ Fonts: Mark Advance Zeroing
● by Unicode

○ late: Generic, Tibetan, Thai
● by GDEF

○ late: Arabic, Hebrew, Myanmar 1
○ early: Myanmar 2

● none
○ Indic, Hangul, South-East Asian



OpenType ⇒ Fonts:
commit 29531128f2f4342d537817746863705df80efe4b

Author: Behdad Esfahbod <behdad@behdad.org>

Date:   Thu May 15 14:04:02 2014 -0600

    [indic] Improve reph formation of Sinhala and Telugu

    

    Sinhala and Telugu use "explicit" reph.  That is, the reph is formed by

    a Ra,H,ZWJ sequence.  Previously, upon detecting this sequence, we were

    checking checking whether the 'rphf' feature applies to the first two

    glyphs of the sequence.  This is how the Microsoft fonts are designed.

    However, testing with Noto shows that apparently Uniscribe also forms

    the reph if the lookup ligates all three glyphs.  So, try both

    sequences.



OpenType ⇒ Fonts:
commit 832a6f99b34f334b1e82b8e3a7ad137e823d203c

Author: Behdad Esfahbod <behdad@behdad.org>

Date:   Wed Jun 4 16:57:42 2014 -0400

    [indic] Don't reorder reph/pref if ligature was expanded

    

    Normally if you want to, say, conditionally prevent a 'pref', you

    would use blocking contextual matching.  Some designers instead

    form the 'pref' form, then undo it in context.  To detect that

    we now also remember glyphs that went through MultipleSubst.

    

    In the only place that this is used, Uniscribe seems to only care

    about the "last" transformation between Ligature and Multiple

    substitions.  Ie. if you ligate, expand, and ligate again, it

    moves the pref, but if you ligate and expand it doesn't.  That's

    why we clear the MULTIPLIED bit when setting LIGATED.



OpenType ⇒ Fonts:
    ...    

    Micro-test added.  Test: U+0D2F,0D4D,0D30 with font from:

    

    [1]

    https://code.google.com/a/google.com/p/noto-alpha/issues/detail?id=186#c29



OpenType ⇒ Fonts:
...



Unicode

OpenType Fonts



Fonts ⇒ Unicode: A bag of suggestions
● “Syriac shaping fixes and clarifications”

L2/11-286

● “Document more normalization invariants”
L2/11-283

● “Script property of characters with multiple 
scripts”
L2/12-379

http://www.unicode.org/L2/L2011/11286-syriac-shaping.txt
http://www.unicode.org/L2/L2011/11283-norm-features.txt
http://www.unicode.org/L2/L2012/12379-multi-script-prop.pdf


Fonts ⇒ Unicode: A bag of suggestions
● MongolianShaping vs ArabicShaping.txt

L2/12-202, L2/12-360

● U+180E MONGOLIAN VOWEL SEPARATOR
L2/12-338, L2/13-004

● “A bag of suggested improvements to 
Unicode’s provisional Indic properties”
L2/14-065, L2/14-126

http://www.unicode.org/L2/L2012/12202-shaping.txt
http://www.unicode.org/L2/L2012/12360-mong-shaping.txt
http://www.unicode.org/L2/L2012/12338-mongolian-sep.pdf
http://www.unicode.org/L2/L2013/13004-vowel-sep-change.pdf
http://www.unicode.org/L2/L2014/14065-indic-properties.pdf
http://www.unicode.org/L2/L2014/14126r-indic-properties.pdf


Fonts ⇒ Unicode
● improvements to Unicode 7.0+ “book” (Core 

Specification)

● ScriptExtensions and Indic properties for 8.0: 
https://github.com/roozbehp/unicode-data

https://github.com/roozbehp/unicode-data


Lessons Learned
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Shaping is hard!



Lessons Learned

Shaping is really really hard!



Lessons Learned

Shaping interoperability is really really hard!



Old World Order
Uniscribe = OpenType
CoreText = AAT
System fonts



New World Order
Webfonts
Shaping in the post-tofu era
[jki...]lreq, W3C, CSS
Breaking from OpenType limitations



OpenType, Open Problems
Typographical interactions across physical fonts
... across script boundaries
... end of line / run
“How to chop”
Implications on CSS



Advanced Font Issues Panel

Tomorrow
16:10

Track 1


