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1 Introduction

1.1 Related earlier documents

1.2/17-328: Script Ad Hoc Group Recommendations on Mongolian Text Model, 9 August 2017.

1.2/17-335: A graphetic approach for the Mongolian encoding model (draft), 31 August 2017.
o 12/17-334: On migration issues of the graphetic model, 18 September 2017.

o 12/17-347: Mongolian Ad Hoc Report (Hohhot, Inner Mongolia), 29 September 2017.

1.2 Acknowledgements

The author received feedback from Shen Yilei (JLi%##) and the Script Ad Hoc group. The prototype Mongo-
lian font is based on Bolorsoft’s open-source font MongolianScript.

1.3 Scope

This document discusses' a crucial subset of the Mongolian script’s usage, the so-called Hudum ({vgelf or
xygmam) writing system of the modern Mongolian language. Various other writing systems and historical stages
(Hudum Ali Gali, historical Hudum, Todo, Todo Ali Gali, Manchu, Manchu Ali Gali, historical Manchu, Sibe,
etc) are excluded.

"For a precise comparison with the current encoding in the Unicode Standard, note this document covers the equivalence of
letters U+1820..U+1842 and format control characters U+I180A..U+180E, in terms of representation capability.
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https://www.unicode.org/L2/L2017/17328-mongolian-ad-hoc-rec.pdf
https://www.unicode.org/L2/L2017/17335-n4889-graphetic.pdf
https://www.unicode.org/L2/L2017/17334-migration-issues.pdf
https://www.unicode.org/L2/L2017/17347-n4893-mongolian-ad-hoc.pdf
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1.4 Mongolian phonetic letters

A text encoding model generally encodes letters as characters, taking advantage of the established letter
concepts that generally have a predictable (although sometimes complex) mapping to written forms.

However, users of the Hudum writing system conventionally identify letters on a more phonetic level, where
the relationship between letters and written forms is not only complex, but also largely ambiguous and often
unpredictable.

See Table I for one of the ways to list these phonetic letters. Loanword letters are in brackets. Note # is often not
listed in the alphabet because it’s not a valid syllable onset in the typical (C)V(C) pattern® of orthographical
syllables, while ¢ is often identified as a variant of e instead of an independent letter. Also, Z and ¢ are usually
not listed independently, but are bound in * Zi and e ¢i, two of the special syllables for transcribing Chinese.

Table 1: Phonetic letters and transliterations

Vowels: W a Me Wi Wo wu Wi Wi [wé]
Consonants: ¥n (wy) &b §&p &x g Fm F1 %s s &t gd =¢ vj vy w1 oW

[&f1 [kl [zl [zz] [wh] [GF] (3] [¢2] (o]

Note the concept of letters is a late invention for Hudum. When learning and using Hudum, users still largely
rely on a syllable-based traditional analysis, the Twelve Syllabaries. From the point of view of phonetic letters,
the Twelve Syllabaries exhibit some typical written forms (but not all written forms) of enumerated (C)V(C)
combinations of phonetic letters, when these combinations are written as a whole word or at the beginning,
middle, or end of a word. See Table 2 for one of the ways to arrange the First Syllabary (the (C)V syllables) of
the twelve.

Table 2: The First Syllabary

-a -e -i -0 -u -0 -ii

e Y w Moy X v N ow W ow W ow W w

n- '*,‘"Wf] '\‘/‘"'v_;’: rrerd WMrrd Wrrd Wrwrd owree
b- ooy Messn haars Reee Rees areed Bearee
P~ Mrsam Mrerhm Frvrd 2922 3229 FHFres e
X M oemdty oon Paah Mwmws Mwmwns Gaoee G oeo
g Mowd Mooy Goas prrr fRers G eee & e
m- ‘C/*H.-;'J ‘;";r'ﬁ-';lj Nirer eevnd evs wmed Twes
- ’Vﬂ»;ffj Vwr:;"] Nornrd Twwd Whowe®d Tnime® oo s ®
R A B o i S R R Sy v
S Whbiwt Whrms ki okfef fokfef Ve e ko Vo o i

2An optional onset consonant, a required vowel, and an optional coda consonant.
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Table 2: (continued)

-a -e -1 -0 -U -0 -1
t- q""*vv’ q""ﬂ'vd HNorewsd Wrwd Wrwd Mowewd O owwd
d- Glf;;vs/ G,gvd G("f;;wv(‘ Wg_wv@ GUE:W'S@ Wf;::wv@ WZ‘;ws@
c- :rlzrv-:r:r/ 7’??:# Nz T T wTh TS TO T
ool rmd drrd Prnrd Rew® Rew® Powwh @ o
Y- Y/VT";’J rlvv::: U rryY Wre® Wrred TTPoewd o wd
r- r/r"vz: rlvvzlj e MWrowd Wowd o 5o

w- TJU"V'TJ v’vvv/

From the First Syllabary it’s already observable that encoding the phonetic letters as characters (the phonetic
approach) leads to has serious inherent defects:

1. A large number of combinations are confusable in written forms, and such ambiguity means low re-
liability. For example, text inputting and editing are highly prone to visually invisible errors. Notable
confusable groups include a/e, o/u/6/ii (in particular, o is always written the same as u, and ¢ the same
as 1), x/g, t/d, etc.

2. Even though complex contextual rules can decide most written forms, additional information is re-
quired when an expected form is grammatical or lexical thus is not predictable with only a context of
phonetic letters. This uncertainty is underrepresented in the Twelve Syllabaries (where the uncertainty
is only observable in a/e and d), but is common in actual words. Thus a phonetic encoding requires
inserting arbitrary format control characters to select writing forms, leading to low usability for users.

1.5 Graphetic approach

In light of the unsuitability of the phonetic approach, a group of experts have been exploring a graphetic®
approach that encodes cursive joining graphemes instead of phonetic letters, still utilizing the Unicode-
OpenType cursive joining model, but avoiding the aforementioned ambiguity and uncertainty inherent in the
phonetic approach. After analyzing written forms of phonetic letters according to their alternation between
different cursive joining positions, revealed cursive joining graphemes are further decomposed and unified
to avoid highly confusable characters. Such a relatively simple encoding model provides solid support for
higher-level text processes.

Taking the graphetic approach, a specific encoding model has been designed for discussing and testing, and
is introduced in this document.

>The rather special term graphetic is used to represent a concept opposed to phonetic. It means “relating to graphemes or
graphs”. Just like phonetic is often preferred in text encoding discussions as it’s a broader concept than phonemic (strictly relating to
phonemes), the broader wording graphetic is here chosen over graphemic (strictly relating to graphemes).



2 Character repertoire

The model requires a repertoire of 30 characters. See Table 3 for a provisional list of representative glyphs and
character names. Note representative glyphs are not relevant to actual shaping. Slashes (/) instead of the word
“OR” are used in provisional names for better readability. Transliterations of phonetically definite characters
are simply borrowed from their corresponding phonetic letters (note these transliterations are all in lowercase,
and colored in blue to distinguish from phonetic transliterations), while phonetically ambiguous characters
have distinct transliterations in uppercase letters or other symbols.

Table 3: Character repertoire

No. Repr. Name Translit.
1. . MONGOLIAN CHARACTER NIRUGU -
2. * MONGOLIAN CHARACTER ALEPH/A/E/NA
3. . MONGOLIAN CHARACTER A/E A
4 . MONGOLIAN CHARACTER I/JA/YA I
5 - MONGOLIAN CHARACTER O/U/OE/UE U
6 ) MONGOLIAN CHARACTER O/U/OE/UE/WA U
7. - MONGOLIAN CHARACTER OE/UE U
8 * MONGOLIAN CHARACTER NA n
9. & MONGOLIAN CHARACTER BA b

10. [ MONGOLIAN CHARACTER PA

11. £ MONGOLIAN CHARACTER XA/GA X
12. o MONGOLIAN CHARACTER XE/GE G
13. 4+  MONGOLIAN CHARACTER GA g
14. %  MONGOLIAN CHARACTER MA m
15. *  MONGOLIAN CHARACTER LA I
16. Y- MONGOLIAN CHARACTER SA s
17. %  MONGOLIAN CHARACTER SHA $
18. S MONGOLIAN CHARACTER TA/DA T
19. T MONGOLIAN CHARACTER DA/TA D
20. _ MONGOLIAN CHARACTER CHA ¢
21. -_ MONGOLIAN CHARACTER JA j
22, - MONGOLIAN CHARACTER YA y
23. - MONGOLIAN CHARACTER RA r
24. - MONGOLIAN CHARACTER WA/EE

25, g MONGOLIAN CHARACTER FA f



Table 3: (continued)

No. Repr. Name Translit.
26. (- MONGOLIAN CHARACTER KA k
27. =  MONGOLIAN CHARACTER CA c
28. ==  MONGOLIAN CHARACTER ZA z
29. y  MONGOLIAN CHARACTER HA/ZHI H
30. (G  MONGOLIAN CHARACTER RHA r

3 Text representation
The model requires two stages of contextual shaping to select the orthographically correct form for every

character: first the cursive joining stage (Section 3.1), then the round consonant stage (Section 3.2).

Note certain written forms of phonetic letters are encoded as character sequences:

1. The aleph-ed (prepended with an extra cap or tooth) forms of vowel letters (a: W, A, s i Y0, e e
etc) have their aleph encoded as a character: = ALEPH/A/E/NA.

2. The long tooth-ed forms of 6/ii (v, v, o) have their long tooth encoded as a character: ¢ 1/ja/vA.
3. 1 (+, wq) is encoded as a sequence: < = ALEPH/A/E/NA, (- XE/GE >.

4. The syllable coda form of d (v, ol ) is encoded as a sequence: < ¢ 0/U/OE/UE, * ALEPH/A/E/NA >.

5. The word-initial form of & (") is encoded as a sequence: < * ALEPH/A/E/NA, y HA/ZHI >.

6. (%, #) is encoded as a sequence: < ¥ LA,  HA/ZHI >.

7. ¢ (ww) is encoded as a sequence: < g O/U/OE/UE, & O/U/OE/UE >.

3.1 Cursive joining stage

According to joining types of adjacent characters, the appropriate positional form is selected for every char-
acter. Note cursive joining positional forms are irrelevant to the grammatical definition of “word”.

See Table 4, Table 5, and Table 6 for positional forms of characters of the three joining types.* Joined ends of
positional forms are emphasized with an extra stroke in blue (-). Positions with parentheses are unattested. A
couple of recommended fallbacks are in the parentheses, but futher discussion is necessary for the unattested
isolate positions, which are the most problematic and are all left empty for now.

“The standard terminology and notation in the Unicode Standard for joining types and positional forms are avoided here,
because they are confusing for vertically written scripts. For the background, see “Cursive Joining” in Section 14.4, Phags-pa,
The Unicode Standard, Version 10.0.



https://unicode.org/versions/Unicode10.0.0/

Table 4: Dual-joining characters

Character Translit. Isolate Initial Medial Final

MONGOLIAN CHARACTER NIRUGU - - - - -

MONGOLIAN CHARACTER ALEPH/A/E/NA . " * + !
MONGOLIAN CHARACTER I/JA/YA I ¢ v + 'y
MONGOLIAN CHARACTER O/U/OE/UE U () o
MONGOLIAN CHARACTER NA n () be v ./
MONGOLIAN CHARACTER BA b () 6 < 9
MONGOLIAN CHARACTER PA p () 9 4 9
MONGOLIAN CHARACTER XA/GA X () e " -
MONGOLIAN CHARACTER XE/GE G () ~ ¥ M
MONGOLIAN CHARACTER GA g () N " w
MONGOLIAN CHARACTER MA m () A i -q
MONGOLIAN CHARACTER LA / () A + -
MONGOLIAN CHARACTER SA s () Y- + 2
MONGOLIAN CHARACTER SHA $ () ¥ 4 W
MONGOLIAN CHARACTER TA/DA T () g < O
MONGOLIAN CHARACTER DA/TA D () T 3 -
MONGOLIAN CHARACTER CHA ¢ () - - -
MONGOLIAN CHARACTER JA j () (=) - -
MONGOLIAN CHARACTER YA ¥ () - - ()
MONGOLIAN CHARACTER RA r () = v N
MONGOLIAN CHARACTER WA/EE w () C - <
MONGOLIAN CHARACTER FA f () [ £ 9
MONGOLIAN CHARACTER KA k () 0 ' 8y
MONGOLIAN CHARACTER CA c () - E3 -
MONGOLIAN CHARACTER ZA z () - T -
MONGOLIAN CHARACTER HA/ZHI H () v ¥ +
MONGOLIAN CHARACTER RHA r () G & (4m)




Table 5: Top-joining characters

Character Translit. Isolate Final
MONGOLIAN CHARACTER O/U/OE/UE/WA U g )
MONGOLIAN CHARACTER OE/UE U () -

Table 6: Non-joining characters

Character Translit. Isolate

MONGOLIAN CHARACTER A/E A ]

See Table 7 for examples of text representation that only depend on this stage of contextual shaping. Both
phonetic (including notable alternatives) and graphetic transliterations are provided.

Table 7: Examples

Phonetic Output  Graphetic Character sequence

a/en 'Vl .. < ¥ ALEPH/A/E/NA, ¥ ALEPH/A/E/NA >
e/a ™ . < " ALEPH/A/E/NA >
ale ] A < gaE >
i/ei ‘r(" I < ¥ ALEPH/A/E/NA , T 1/JA/YA >
i C I < g 1/7A/YA >
o/u Yo U < ¥ ALEPH/A/E/NA, = O/U/OE/UE >
0/ti Yom U < ¥ ALEPH/A/E/NA, =" OE/UE >
ti/eti % U < "y ALEPH/A/E/NA, 8 O/U/OE/UE/WA >
u/t e U < 4 o/u/oE/uE/wAa >
ordo/urtu '\m@ -UrDU < ALEPH/A/E/NA, U= O/U/OE/UE, §=RA, (g~ DA/TA, € o/u/oB/uE/wA >
ada/ende "wgl «D- < ¥ ALEPH/A/E/NA, ¥ ALEPH/A/E/NA, T DA/TA, = ALEPH/A/E/NA >
xana w X1 < % xa/GA, ¥ ALEPH/A/E/NA ‘!- NA, ‘¥ ALEPH/A/E/NA >
xana ﬂ-v/ 3 X-MA < 4% xa/Ga, W ALEPH/A/E/NA, Y NA, 3 alE >
c’erig Y CoTIG < = cHA, ¥ ALEPH/A/E/NA, §=RA, §~ 1/JA/vA, (% XE/GE >
jarlig ﬂ;rw' 1-rlrx < g 1/7AlvA, ¥ ALEPH/A/E/NA, §= RA, %— LA, §=1/JA/YA, L xa/ca >

altan odo 'h;gr, '\vg@ "ZD"L,-UDlj < "y ALEPH/A/E/NA, ¥ ALEPH/A/E/NA, 7\- LA, G DA/TA, ‘¥ ALEPH/A/E/NA, ¥

ALEPH/A/E/NA, | SPACE, ¥ ALEPH/A/E/NA, @ O/U/OE/UE, © DA/TA, '9 O/U/OE/UE/WA >

altanodo W «ID--UDU < ¥ ALEPH/A/E/NA, ¥ ALEPH/A/E/NA, 1 LA, G DA/TA, = ALEPH/A/E/NA, ¥

ALEPH/A/E/NA , ¥ ALEPH/A/E/NA, @ O/U/OE/UE, T DA/TA, '@ 0/U/OE/UE/WA >

blllg batu @c;m G\vg@ bIlIGub-DU <E"Ba, T 1/7a/vA, 7\- LA, = 1/ja/va, (" XE/GE, , SPACE, " BA, Y ALEPH/A/E/NA,
© DA/TA, € o/u/oB/uB/wa >
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Table 7: (continued)

Phonetic Output  Graphetic Character sequence
biligbatu W brligb-pU < € Ba, T 1/1a/YA, 3— LA, §~1/JA/YA, (- xe/GE, 6" Ba, ¥ ALEPH/A/E/NA, " DA/TA,
€ o/u/oE/uE/wA >
ed o D < ¥ ALEPH/A/E/NA, Q" DA/TA >
gxir/xxir 4974 GGIr < (- xp/Ge, (™ XE/GE, | 1/]A/YA, §= RA >
radio/mdiu ST 17-DIU < v RA, ¥ ALEPH/A/E/NA, G DA/TA, §=1/JA/YA, @ O/U/OE/UE >
t;jri/tegri MmO T-Gr1 < O 1a/DA, ¥ ALEPH/A/E/NA, (™ XE/GE, §= RA, = I/JA/YA >
naima w, 1eI1- <y Na, Y ALEPH/A/E/NA, §= U/JA/YA, A Ma > Y ALEPH/A/E/NA >
sayixan “n'mw, SeyIX-- < Wsa, ¥ ALEPH/A/E/NA, T YA, T 1/JA/YA, {¥ xa/GA, ¥ ALEPH/A/E/NA, ¥
ALEPH/A/E/NA >
sain/sayin “nw, SeIl- < “v- SA, 'Y ALEPH/A/E/NA, T 1/1A/YA, = 1/JA/YA, = ALEPH/A/E/NA >
uu/iiii o) UU < = 0/U/OE/UE, € o/u/oE/uE/wa >

For controlling cursive joining, although the general characters U+200C ZERO WIDTH NON-JOINER and U+200D
ZERO WIDTH JOINER can be used, in day-to-day usage it is recommended to produce joined forms in isolation
using - MONGOLIAN CHARACTER NIRUGU, which as a visible character is easier for users to manipulate. See

Table 8 for examples.

Phonetic  Output

Table 8: Examples

Graphetic Character sequence

ga {\:r & < Q— GA, ¥ ALEPH/A/E/NA, ® NIRUGU >

ga o -g- < = NIRUGU, ﬂ' GA, ¥ ALEPH/A/E/NA, ® NIRUGU >
ga T!J -gA < = NIRUGU, ﬁ' GA> ) A/E >

ba v b-- < €"BA, ¥ ALEPH/A/E/NA, * NIRUGU >

na '\!J -1nA < = NIRUGU "!- NA g AlE >

3.2 Round consonant stage

Certain combinations of positional forms that involve the five so-called round consonants (§- BA, §- PA, (- XE/GE,

g FA, (~ KA) require special treatment. The rules for selecting the required variants forms are formally defined
below. See Table 9 for explanation of the notation.

Rule 1
Rule 2

Cr + Va » Cr + Va'

Cr + Vu > Cr' + Vu



Table 9: Notation

Notation Positional forms Note

Cr DR SRS AR Initial and medial forms of round consonants: BA, PA, XE/GE, FA, KA.
Cr' & 650060+ Corresponding variant forms of Cr.

Va < Final forms of certain vowels: ALEPH/A/E/NA, 1/JA/YA.

va' nT Corresponding variant forms of Va.

Vu TT™ Medial and final forms of certain vowels: 0/U/OE/UE, OE/UE.

See Table 10 for examples of affected text representation cases. A column of intermediate glyphs (the output
positional forms from the last stage) is provided for comparison.

Table 10: Examples

Phonetic ~ Interm. > Output Graphetic Rule Character sequence
ba/be o > o) b- 1 <@-sa, ¥ ateen/a/e/va >
bi 0 > 0y br 1 <6, Fumm >
bo/bu/bo/bii * o > & bu 2 <E-sa, o olufo/uE >
bo/bii * e > & bt 2 < €"Ba, T OE/UE >

Only the shape changes relevant to encoding are specified here. In actual fonts, depending on the specific
style, glyphs (including the glyphs discussed above) might require more typographical adjustments that do
not affect encoding. In particular, Vu glyphs usually need a change of connection point in order to properly
join to Cr' glyphs, although the resulted glyph changes can be subtle.

Other optional variant forms, such as &+ > 6 bl, are also commonly seen in fonts.

4  Adjustments to the character repertoire

The character repertoire presented in Table 3 is a result of maximizing the “low ambiguity” advantage of
the graphetic approach, therefore most confusable graphemes are unified or decomposed. Considering the
benefits of recording more information of phonetic letters, it might be desirable to moderately disunify or
recompose some graphemes while tolerating more ambiguity. Some candidates are shown in Table I1.

Table 11: Candidates for disunification

From Disunify/recompose ~ Note
"~ ALEPH/A/E/NA ALEPH Only initial and medial forms are attestted.
v I/JA/YA LONG TOOTH OF OE/UE  Change joining type of =~ OE/UE to dual-

joining to have a medial form that has the
disunified as a part.

>The key benefit is easier syllabification, which is helpful for collation, line-breaking, typographical preferences, etc.
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Table 11: (continued)

From Disunify/recompose  Note
¢ WA/EE EE Only medial and final forms are attestted.
"= ALEPH/A/E/NA CODA NA Only medial and final forms are attestted.
<& O/U/OE/UE, " ALEPH/A/E/NA > CODA DA Only medial and final forms are attestted.
v 1/JA/YA INITIAL JA The disunified becomes initial == jA.
< ALEPH/A/E/NA, ¢ HA/ZHI > INITIAL HA The recomposed becomes initial & HA/ZzH],
pushing the existing intial form to be
disunified.
= HA/ZHI ZHI Only initial form is attestted.
< ¢ O/U/OE/UE, & O/U/OE/UE > CHI Only initial form is attestted.

Note although the medial forms +w xA/GA and  GA are theoretically confusable with < = ALEPH/A/E/NA,
ALEPH/A/E/NA > and < » NA, & NA >, respectively, it is not beneficial to decompose them, because they are
well distinguished by users (especially since the related intial and final forms are distinct) and decomposing
only the medial forms would introduce problematic medial-less dual-joining characters.

5 Text processes

Text encodings play a fundamental role in the life cycle of digitalized text: users > input (keyboards, OCR,
speech-to-text, etc) > Unicode encoding > output (display, collation, text-to-speech, etc) > users. The encod-
ing model’s implications on various text processes are discussed here.

5.1 Output: collation

When idealistic phonetic collation is expected, for example in dictionaries, phonetic information should be
carried as metadata.

Otherwise, in day-to-day use cases where text must be collated automatically without metadata, a folded
collation (certain homographic written forms are folded into a single collation element) is a reliable solution.
For an introduction, see Shen Yilei’s document MWG/2-N5 G2P Sorting: An Automated Natural Sorting
Method for Graphetically Encoded Mongolian.

5.2 Input: keyboards and input methods

The preference of inputting phonetically should be fulfilled in the keyboard and input methods for average
users. See Section 7, Input in L2/17-334 On migration issues of the graphetic model for a full discussion.

In order to prevent confusing fallbacks on undefined cursive joining positions (for example, if an undefined
isolate BA were shown with its intial form &, it would be confused with &, an isolate 0o/U/OE/UE/wWA), unattested
positions must either have distinct and reasonable fallback forms or be explicitly marked as invalid.
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https://www.unicode.org/~lisa/mongoliandocs/mwg2-5G2Psorting-ShenYilei.pdf
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Table 4 shows some recommended fallback forms in parentheses, but unattested isolate positions are especially
problematic and need discussion. To explicitly mark invalid positions, visual aids similar to Indic scripts’ dot-
ted circles (<) can be considered, for example, arrows pointing to the direction where a character is required.
See Table 12 for how arrows can improve user experience.

Table 12: Input experience

Keystroke Output Graphetic Note

N | n  NA doesn't have a valid initial form.
A .

I | eI

M el | 1nIm

A el | 1eI11e

Shift-N el | 7D it

[Space] il | NeIntee,

Shift-U il 6 neIre .U

[Space] ‘wﬁ-/ 6 | nerme_ U,

N ‘»wﬁl e v nrme U,n  NA doesn't have a valid initial form.
I *wgcrl e  nrme U1

Shift-G ‘\wh/ e ww| nerme U NIG
E ’wﬁv/ e Wil 1 UL NG

To avoid artificial visual aids, thus providing a more natural user experience, the output can be always ap-
pended with a - NIRUGU until an “end of word” signal (either a special keystroke or a character that is not
bottom-joining) is detected. See Table 13.

Table 13: Alternative input experience

Keystroke Output Graphetic Note

N Y -

A b 1e-

I “Wre=| 1nel-

M Yo n-Im-

A Sund eI

Shift-N e HT17ee-

[End of Word] i | eIt - NIRUGU replaced by a , SPACE.

Shift-U il 6 | ne1me U, [End of Word] implied by characters that are not

bottom-joining.
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Table 13: (continued)

Keystroke Output Graphetic Note
N Wil € ¥ neIme- U n-

I ’mﬁ/ & | neImes U ni-

Shift-G ‘hﬁr/ e W neIme- U _NIG-

E “wvﬁ/ e WO  nerme U nIG-

[End of Word] '\w‘v/ e W | nrme U NG, -NIRUGU replaced bya , SPACE.
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