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1 General strategy SMARIE

In the graphetic model, text will be encoded as graphetic TEFIERA R SCA 2 g A 1T Gt

characters for graphemes, instead of phonetic characters 4%, TMiA BEPATFRIIX R R K2

for underlying phonetic letters in the current model. New e i g il Sk 1B 2220 . Bi0F2IF 2

characters will be required to be encoded while some of SR T — SO BAT [ S A B 2

current characters are to be deprecated. This implies a =
significant migration that will have to be planned for. IR AU TR I IEARS A P4

Multiple uninteroperable vendor implementations of the A5 H F A BAT A Z A A ] 1
current model currently coexist in the industry. See alist  JFE] R AL . S B 10T RAK

of major vendors in appendix A on page 10. EX AmerIE
Two general strategies can be considered: PR VAR 7] 2% [ -
« Transitional: First migrate to an improved version o WP HRITR R IATHA — MR R
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of the current model, then migrate to the graphetic
model.

o Direct: Migrate to the graphetic model directly.

The transitional strategy seems reasonable, as it might be
a smoother process and is supposed to provide a unified
legacy model for the future. But it is not feasible.

o For the standardization process, both the WG2 meet-
ings and the Unicode Standard releases take place
around once a year.

« Given the best estimate, the version 12.0 of the Uni-
code Standard (to be released in 2019) is the earliest
opportunity for any change to become official. It will
take a similar timespan to standardize either a new
model or patches to the current model.

« WG2 and UTC will not have enough resources to si-
multaneously review the improvements of the current
model and standardize the graphetic model, especially

when the latter is expected to arrive as soon as possi-
ble.

o Although the timespan might seem to be long, it is not
abundant for the industry to prepare for any changes.

» Vendors will not be cooperative on spending resources
on migrating to a temporary solution when the real
new model is already close.

Therefore, the direct strategy should be taken.

Since the graphetic model is designed to allow coex-
istence of the current model (see the next section), if
needed, a de facto industrial standard can be formed
among interested parties, but should not be expected
from WG2 and UTC during the migration.

2  Coexistence ILff

In principle, the current model and the graphetic model
can coexist during the migration.
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frustration from switching between models, thus leads
to a smooth migration for users.

o In order to ensure stability of the encoding model, ex-

isting characters and variation sequences will not be
modified.

« Only characters that can have the same shaping behav-
ior in both the current model and the graphetic model
will be reused in the graphetic model.

« A single font will be able to support both models. An
existing font that supports a certain vendor implemen-
tation of the current model can be easily extended to
also support the graphetic model. See section 5.

With a simple heuristics algorithm, the exact model used
in a piece of text can be identified when needed, because
all vowels and some frequently used consonants are en-
coded with characters distinct between the two models.
Even on marginal cases when the heuristics fails to rec-
ognize the model, the rendered grapheme sequence is the
same.

3 Collation )7

A character-based simple collation should be as a mini-
mal support level for general platforms.

However, considering the long time convention of col-
lating according to underlying phonetic letters, a simple
context-dependent algorithm can generate a decent re-
sult without natural language processing. The result is
not truly based on underlying phonetic letters but is good
enough for daily use. Shen Yilei (7} 1% %) is designing
such an algorithm.

Note even for the current model a context-dependent
algorithm is required for common styles of phonetic col-
lation, because graphemes are often taken into consid-
eration and the graphemic effect of FVSes is context-
dependent. See GB/T 30851-2014 Information technol-
ogy — Traditional Mongolian sorting for a collation stan-
dard.

See the next section if true phonetic collation is needed.
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4 Underlying phonetic letters JIXZ 5 7Bk

The current model stores underlying phonetic letters di-
rectly in characters, while the graphetic model will only
store graphemes. When phonetic letters are needed, nat-
ural language processing or metadata tagging is employed
to provide information.

o The current model assumes that phonetic letters and
graphemes can be both encoded directly in text, with
complex automatic and manual shaping rules.

« However in reality, because of the multiple possible
character sequences for a single grapheme, users tend
to freely assemble characters together to the desired
grapheme sequence without caring about if the pho-
netic information is correct.

o Identification of phonetic letters is also controver-
sial, because of different schools of orthographies and
grammars.

« Thus text encoded with the current model is not reli-
able from the moment it is typed. Not to mention the
incompatibility of various vendor implementations.

o In order to deal with unreliable phonetic informa-
tion, when an accurate sequence of phonetic letters
is needed (eg, for collation and text-to-speech appli-
cations), text encoded in the current model has to first
undergo correction and normalization with natural
language processing technologies.

« Note the correction and normalization process is often
only based on rendered graphemes, while ignoring the
phonetic values of characters. See a solution provided
by one of the major vendors, IMUCS: ¥ 7 5¢ iy Ui IE
#4¢ (literally “Oyun Mongolian correction system”)
http://mc.mglip.com:8080.

o Therefore the natural language processing technologies
needed for constructing phonetic letters from graphetic
text is already available in the industry and should not
be a burden.
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5 Fonts {4

Prototype fonts have been prepared for testing.

Existing fonts can be safely extended to support the
graphetic model without breaking previously encoded
text.

o The graphetic model only requires a limited small set of
contextual rules. This allows a low cost for font devel-
opment and will lead to a boost of diversity in the font
market with new vendors coming in. See the revision
of the introductory document for the graphetic model
for an introduction.

« Existing glyphs in fonts will be directly reused, thus no
design work is involved.

« Because the graphetic model encodes graphemes di-
rectly, trans-graphemic contextual rules in existing
fonts are not required by the graphetic model. Only the
sub-graphemic contextual rules are extended to process
glyphs of graphetic characters.

« A well maintained existing font project should be able
to support the graphetic model in a couple of hours.
Vendors will not face high cost for upgrading fonts.

« Open source references for implementing the graphetic
model in fonts will be provided by OpenType experts.

When the migration process starts, in order to phase out
the current model, newly produced fonts will be recom-
mended to only provide support for the graphetic model,
although technically the legacy model can coexist in a
font. Eventually, extended legacy fonts that supports both
models should be replaced with graphetic-only new fonts
as default fonts in major platforms such as operating sys-
tems.
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6 Text rendering and operations XA TEHY 5 #R1E

Text engines will need to update or patch their Unicode
Character Database and derived data to recognize newly
encoded graphetic characters, especially for the script
property and joining type.

« No other changes are required as long as a text engine
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already supports the current model.

« The three major text engines today, DirectWrite/
Uniscribe (Windows, Office, Edge, Internet Explorer,
etc), HarfBuzz (Android, Chrome, Firefox, etc), and
Core Text (i0S, macOS, etc), are all maintained by ex-
perts that actively collaborate with the Unicode Con-
sortium.

Software libraries that provide support for higher-level
text editing operations (such as word boundary detection,
word selection and count, hyphenation, and justification)
will also need to be updated accordingly.

« Such operations are not yet well supported for the cur-
rent model in major platforms.

o Although often claimed by experts, average users and
the publishing industry do not actually have a signif-
icant preference on the special treatments (narrower
than normal word space, forbidding line break, extend-
ing word boundary, etc) of the whitespace (encoded
in the current model as [%] U+202F NNBSP with special
contextual shaping effect) preceding an enclitic.

« The current model imposes difficulty for hyphenation
and justification, because its long-distance shaping ef-
fect of vowel harmony is easily broken by a line break
or nirugu inside a word but expected behavior and so-
lutions are underspecified.

7 Input HiA

Prototype keyboards have been prepared for testing.

A straightforward keyboard design for the graphetic model

will be a simple one-to-one, key-to-character mapping.
See figure 1.

o In this case, because the layout deviates from the con-
ventional concept of phonetic letters, keycaps should
be well designed to emphasize differences between
graphemes.

« Eg, the graphetic character [4] a non-joining should
be explicitly distinguished from a joined toothless left
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tail (a sub-graphemic structure after round conso- el (X2 Bkl & 5 M I AL 854

nants, eg, in én ba; or a grapheme in Hudum Ali Gali FANTE 6 ba Hhs S0 # A BT AL I
text), and €] u tailed should be distinguished from € FLSCA SN ) L T 9] u toiled (4

U+182A BA. Feu) BLMIXIT 4 usis2a BA.
« Using medi forms by default on keycaps can be a good o FEfgME 2RI medi X (HIE) &

strategy, because it provides consistency for most char- BRG] X AR LBk
acters and allows special characters that do not com- — O VA medi T 3 IRk

monly have medi forms to stand out. ,
Y ' TR .

« However, such a simply keyboard layout might only o SR, JXAFHY o] B BR F5AT Jmy P E L 25 A8

become popular among professional typists, similar to I B PRAT, BT SCHER
the case of the Wubi (71.2€) input method for Chinese. AP B
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Figure [&] 1: Prototype layout A JRA&IAfi &) A

To meet the need of average users, phonetic letters can be e R T PR R, B AT SR el

utilized to various levels in a keyboard layout or an input A ¥ i 5 3 v 0] A S B3 B A & R 2%
method design. “Smart” or “whole-word” input methods s paz . BLptpEEIARY “AIRE” o) ik

= He
that provide word suggestions will be especially suitable A e A P i LA
for average users, and are already popular for the current
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model because for average users it is too complicated to HEBRERATBURBIERITR, S

directly manipulate. AL BEMRTAT T

o Smart input methods can keep users from worrying o T HE T AT HE R S F P O AR A
about the exact character sequences. R4 1 R

« Such solutions with word suggestions have already o NMEIATHIAI NI, AL IE
been popularized by the major vendors (Menksoft, R T RO R (2R, il
Delehi, IMUCS, etc) in the user community, in order i . AR ) s R 7E

to make the current model usable. See appendix A on
page 10 for links to existing input solutions.
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quence, to provide an experience more aligned to the
understanding of phonetic letters, while still allows
accurate control on output like a simple one-to-one
mapping keyboard layout. See figure 2.
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Figure [&] 2: Prototype layout D JEAUAfi J§ D

+ Keyboard technologies that allows contextual opera-
tions (from simple dead keys to advanced solutions like
Keyman: https://keyman.com) can allow a single key to
contextually output different characters, eg, coda forms
of consonants.

Note the more automatic mechanisms a keyboard so-
lution provides, the more it suffers from the complica-
tion of contextual rules in the current model. Although
with the graphetic model users can easily spot unex-
pected characters and correct in time, which ensures
unambiguous text representation.

Theoretically a keyboard-like input method can even
internally provide the full set of contextual rules of the
current model, and works like a virtual machine. So

it allows users accustomed to the current model to in-
put in the old way, ie, keys of FVSes and other format
characters are manually controlled, but produced char-
acters are graphetic. Such a transcoding is obviously
limited to a specific legacy implementation. See also
the next section for a discussion on converting data.

8 Data conversion ZE#:n

The graphetic model directly encodes graphemes, while
the current model encodes underlying phonetic letters

8
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and rely on contextual rules to select correct graphemes  1EAfFOL LA 005741 FrLA, A TS

in order to output a grapheme sequence. Therefore, in or- %2 M\ FRFTAEAEE S 3| FIAEA, FE |

der to convert data from the current model to the graphetic 4z v /55 g 5 g 47 A g 42 28 | F S0
model, theoretically the algorithm has to implement the iy

full set of contextual rules of the current model.

« Considering the numerous incompatible, underspeci-  « % JE 2| AT HAA LS H ik = 00
fied implementations for the current model, the work- W E LM, THEESEE RN,
load can be huge.

o But actually, internally what existing fonts already do o AHISE, BAARENE C A S
is exactly converting phonetic character sequences to 155 00 1A Bt HEE 5 210 9 s 4 R
grapheme sequences. iR

o Therefore we can simply map the output glyphs of ex- o FJf LAFRATT AT LA ] 5 b 488 B0 A 7 A 5 H
isting fonts to graphetic characters. In this way it is en- Sl h A SR A <5y =3 WE )
sured that all internal rules in fonts are captured. Text AR AR IR AG PSR, SO A5 |t

engines work as backends for the conversion algorithm R v Bl S sk L TR T 2
to get the glyph sequences. FAVE A 5 K R 751,

The information of underlying phonetic letter, if accurate, W ETE & B BERG, T LA

can be kept during the conversion and stored as meta- T AIE Ao By e X 7 Ay SE Tk
data.

9 Use cases beyond the modern Hudum BRFCSHEEA S 2 A FH 5

The historical and stylistic forms in L2/16-309 Proposed L2/16-309  Proposed additions for Mon-

additions for Mongolian in 5th edition of UCS are dis- golian in 5th edition of UCS ) 175 5 il
cussed in the revision of the introductory document for JRURS % 2 18 2 T 78 A 228 S0 RS A 3T B
the graphetic model. Basically, the majority of them are e, A . R S

either simple duplications of existing graphemes (should " . e
be encoded directly with the corresponding graphetic SPIRLAT (SR Oy LB 5

characters) or stylistic variants of existing graphemes F) B AT LI RAS AR (5
(should be handled by fonts). Only a few are candidates ~ #ALEE) o WA DE— LR P FIE 74T
for additional graphetic characters. R .

Solutions for Hudum Ali Gali letters as well as other Xt HH R A B 4L W AL LA K2 At i 5%
writing systems that use the Mongolian script (Todo, EXWBE RS (X3, . 81a
Manchu, Sibe, etc) are discussed in Zheng Weizhe SO R R T 2 AE A EE I SORS (A

(FB 4t h)’s document A mixed encoding scheme for the

Mongolian block. mixed encoding scheme for the Mongolian

block ) Hitig,
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Figure [#] 3: Incompatible vendor implementations. B AR RiSLH.

There are eight major vendors (listed below) offering
Unicode-OpenType solutions. Legacy non-Unicode-
OpenType solutions still exist.

These vendor solutions are already in wide use but their
implementations are all incompatible to each other. See
the figure 3 above for how incompatible the vendor im-
plementations are — even for the basic word el (sain:
good) there can be at least three ways of encoding and not
a single one is supported by all vendors (wrong shapes are
colored gray).

1. Menksoft (5 F+37). Fonts: Menk Qagan Tig 1.02, etc,
available on http://font.menksoft.com. Input: http:
//ime.menksoft.com/.

2. Delehi (£ 7#), also known as Almas. Fonts: Mongo-
lian White 1.1, etc, available on http://delehi.com/cn
and the original Almas site http://mongolfont.com/en.
Input: http://www.delehi.com/cn/419.html and http:
//www.delehi.com/cn/1423.html.

3. IMUCS (College of Computer Science, Inner Mongolia
University; N 2¢ 5 K 7 1 B WL Bi), products of

10

AT CF41) 24t Unicode-
OpenType fif#RJI7 4. 35t B #YAE Unicode-
OpenType J7 ZARAFTE
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TR AR S A # 5 RHeZ . B ErE
3] L) R SEBL A £ AR AE—RE
AN 23] dved (sain: BF) BWAHEL =
P 77 3 HEs A — R 2 A R’
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1. 2B, 7K : Menk Qagan Tig 1.02 5§,
Bl M http://font.menksoft.com 3kfF . fil
A: http://ime.menksoft.com/,

2. 181, XK Almas. F-4: Mongolian
White 1.1 2%, WM http://delehi.com/
cn LA Almas W3% http://mongolfont.
com/en AT B http://www.delehi.
com/cn/419.html A2 http://www.delehi.
com/cn/1423.html,

3. MR HRPLFABE (NSl R R
Fhe) , L “WET mik A
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which are released under the Oyun brand. Fonts: Oyun
Qagan Tig 2.05, etc, available on http://oyun.mglip.
com/mongolfont/index.aspx. Input: http://oyun.mglip.
com.

{4 Oyun Qagan Tig 2.05 %, 1] M\ http:
//oyun.mglip.com/mongolfont/index.aspx
iS5, HiA: http://oyun.mglip.com,

4. Founder (J51E Fangzhéng), also the biggest type foundry 4. J51E, 2 KM R SCFR) 1 -

of Chinese fonts in China: http://foundertype.com;
FZMWBTOT _Unicode.TTF.

5. Huaguang (£t Hudguang), a vendor similar to but
smaller than Founder: http://hgfonts.com;
HGMWXB_NMBS.TTF.

6. Bolorsoft (bomopcodT): http://bolorsoft.com; Mon-
golianScript, an open source (SIL Open Font License)
font, available on http://font.bolorsoft.com (website
currently down).

7. Microsoft: Mongolian Baiti, Windows built-in. An
outdated introduction page is available (the latest ver-
sion is 5.52, as of Windows 10 Creators Update): https:
//microsoft.com/typography/fonts/family.aspx?FID=
325.

8. Google: Noto Sans Mongolian, a low-contrast design,
open source, Android built-in, also available on: https:
//900gle.com/get/noto/#sans-mong.

Menksoft, Delehi, and IMUCS solutions are commonly
used by average users in China because their fonts and in-
put solutions are released to the public for free. Founder
and Huaguang solutions dominate the Mongolian pub-
lishing industry in China. Bolorsoft is a major vendor in
Mongolia although not well known in China. Microsoft
and Google have provided fonts pre-installed in their
widely used operating systems, Windows and Android.

An on-going initiative led by the IMEAC (Ethnic Af-
fairs Commission, Inner Mongolia Autonomous Region;
WSl B IR X R 345 & 51 £3) is trying to improve
the current model and unify vendor implementations.
This initiative has gained support from Menksoft, Delehi,
IMUCS, and Microsoft; Huaguang is likely to join.
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7. 3K ( Microsoft ) : Mongolian Baiti, Win-
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5.52):https://microsoft.com/typography/
fonts/family.aspx?FID=325,

8. ¥k ( Google ) : Noto Sans Mongolian,
o beiit, R, LE A,
https://google.com/get/noto/#sans-mong
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