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Abstract

Mongolian related languages have been transcribed in different types of scripts which have
complicated orthographies — such complexities have inhibited encoding them into codesets and
text manipulation on computer systems. And it is essential to mix those scripts in both vertical and
horizontal directions particularly for historic reasons. Analyses of the scripts in the world have
clarified the definition of one character and its constructive information, which made it possible to
assign the optimal character codeset(s) for Mongolian scripts having complicated orthographies.
As a result, mixed texts of any scripts including Mongolian ones were able to be given generalized
1/0O and Text Manipulation as internationalization.
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1. Introduction

True Internationalization (I18N) should not be
equal to a mere collection of Locales. It means the
simultaneous consistent mixture of all the scripts in the
world — some of them are written horizontally from left
to right, some others from right to left, and there even
exists such a script written vertically from the bottom.
Not only input and output but also text manipulation and
communication must be provided for such international
mixed script handlings. The Internationalized Multilin-
gual I/O and TM/C Project of Waseda University, has
been devoted for preparing the necessary environments
for its realization.

To implement our system, all the world scripts with
their writing conventions were analyzed, and essential
information was discovered for defining one character
of any type and assigning it a proper final glyph. Also
the common necessary sets of writing conventions
bound to specific scripts were clarified. Most parts of a
writing convention is not language-specific (hard-coded)
as believed, so the extent of possible language-
independent mixed text handling was defined instead.
Thus, clearly the definition of I18N became possible.

Here are reported the results of the research and
implementation of the system done for numbers of
scripts which had been used or are still used to write
Mongolian and its related or neighboring languages to
testify the further plausibility of our research. And cer-
tain codeset designs, as both character definable and
glyph definable, are proposed for recommendation for
the proper text manipulation and communication. Mon-
golian scripts have been believed impossible to extract a
math rule set from, for its complicated orthography and
script-sound ambiguities (See below). However, by the
separation of information to define a glyph from the
Position dependency, the problems were solved.

Scripts for writing Mongolian spread over vast
areas even to Russia and to East Europe in the age of the
Mongolian Empire. Not only their first script Uighur-
Mongolian and its reformed Mongolian - still read and
written today, but Paspa, Todo or Soyombo had been
used since then. Manchu, the official literal language in
the Ching Dynasty, and its descendent Sibo have their
base on Mongolian script. As a result, very large
amount of invaluable literature in those Mongolian
related scripts (they are often written in several of those
scripts mixed) is found almost anywhere in the world.
That is why the appropriate encoding of those scripts is
highly required.

The research covered the following scripts: Paspa,
Soyombo, Uighur, Manchu, Sibo, Cyrillic (three types),
Mongolian scripts used in Mongolia and in Inner Mon-
golia, China. All of them were analyzed and proposed
suitable codesets, only some of which are discussed
here on account of limited space. Great heritage of liter-
ature written in Paspa or Mongolian, and also in
Manchu became to be handled properly by the system
based on this extensive research.

2. Internationalization

As noted above, I18N is a simultaneous mixing of
any number of scripts, which may be quite different
from one another in such an aspect as writing direction
or internal structure of a syllabic, with I/O and text han-
dling consistencies. It must not be taken as Multilin-
gualism, mixing various languages which necessarily
involves language-specific information. Rather, 118N
can be defined as the common basis for multilingualism
of the highest level, handling any numbers, i.e., all, lan-
guages, and so must be provided with language-
independent properties.

Practically, mixing of the scripts written horizon-
tally and those written vertically should be realized
without any inconsistencies. Language-independent,
true international meta-writing convention, so to speak,
the mechanism of putting characters in two dimensional
plane of coordinates must be realized.
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Figure 1. Mixing Different Writing Directions

When a character is actually written/displayed, it
can vary its form according to the writing direction and
its position in a word. Notice the shapes of the punctua-
tion marks, Direction-dependent characters, in Figure 2.
Even a direction-independent one can vary when mixed
with the scripts in different directions. And the scripts
also change depending on their position in a word, i.e.,
Initial, Medial, Final and Independent form as in Perso-
Arabic scripts. Some scripts like Latin happen to have




the same form for any position. Thus, all characters are
defined as being both 1) Direction dependent and 2)
Position dependent [1]. In other words, there is no pre-
defined default origin: once origin/physical direction,
etc. are specified by a user, other processes for drawing
automatically follow [Figure 1].
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Figure 2: Internationalized Writing System

Interprocess communication at any level should
also be ensured. ISO 2022 [2] must be fully supported
with necessary extension methods [1,3]. For proper
basic text manipulation, character codeset must be able
to define unambiguously one character and also its final
glyph (Refer to the next section). Considering the
repeated processes of character handling and communi-
cating, it is a prerequisite that a mb (multibyte) code-
point string must be uniquely mapped into a WC (wide
character) codepoint, ensured to be one character, and
vice versa. Thus, a set of WC must be ‘one’ set of char-
acters including all mb codesets without overlapping
with themselves. Where the truly language-dependent
information must be handled, the TMC (Text Manipula-
tion Code) is available to play the role {1,4]. Each code-
point in each mb/WC/TMCs must be uniquety con-
vertable with codepoint extension methods among mb,
WC and TMCs.

3. Codeset Designs

Characters to be processed on a computer system
are listed in character codesets, though one codepoint
does not always correspond to one character — Non ISO
extensions. TIS 620-2533:1990 [5] is one that defines
parts of a character as distinct codepoints. Thus, a code-
set should have rules for code extensions and is classi-
fied as Character specifiable or not. Also it must have

ways to define a final glyph and is classified asGlyph
specifiable or not.

GB 8045:87 for Mongolian scripts [6] defines both
glyphs and glyph parts, together with character/glyph
names. More than one characters which happen to have
the same glyph are assigned the same codepoint. A cer-
tain character is generated by 3/9, or by the combination
of 2/10 and 2/9 as well. It is a typical uncomputable
codeset for one character, so it is impossible to utilize
this for proper text manipulation.

Since a Glyph shape varies according to directions
and positions, for a codeset to be ensured to be an 118n
codeset, it must be Name defined instead of Glyph
defined.

4. Mongolian Scripts and Mongolian Language

Mongolians have used varieties of scripts to tran-
scribe their language, an agglutinating (containing roots
which take a complex range of grammatical suffixes),
basically SOV word-order language as is Japanese. In
the early 13c. BC., they borrowed the Uighur script,
originally written right to left, to establish their national
vertical script under the influence of Chinese culture.
This classic Uighur-Mongolian script, refined and some
characters added later to be the so-called Mongolian
script of the present form, has been favored over other
more appropriate scripts designed to transcribe the lan-
guage: Paspa, Todo or Soyombo.
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Figure 3: Mongolian Script for Mongolia

Mongolian script is phonemic and Position-
dependent, with basic initial/medial/final forms for each
character. Certain endings are written separately as final
forms after a short space, whose preceding character is
also realized as a final, not a medial form. Notice that
more than one characters happen to have the same glyph
form. Thus, the medial forms for ‘a’, ‘e’ and sometimes
for ‘n’ can cause ambiguities. However, native Mongo-
lian syllable structure is V(owel) | C(onsonant)V | VC |




CVC, and a consonant character and a vowel character
tend to appear alternatively in most syllables. It proba-
bly was enough for reading and writing to distinguish
only when consonant sequences or vowel sequences
occur, given certain vocabularies.

Alternative forms in medial and final rows are
defined according to the information as, whether the
preceding/ following character is a consonant/vowel or
whether it is a member of a certain set of consonants
which influence the shape of the following character,
whether the word is monosyllabic, whether it is a for-
eign word, whetber the suffix is in a certain set of case
endings, etc. Which characters should be included was
decided by the historical and practical factors: earlier
additions of characters to transcribe Tibetan, Sanskrit or
Chinese sounds as ‘p’ or ‘f’ have become familiar and
necessary, and other characters added later and consid-
ered often used today are listed after ‘f” in the table. As
for the Galik script for Buddhism should be given a sep-
arate code from this, because its characters are not in
daily use.

The proposed codeset is a Character definable one
for text manipulation. The character ‘a’ and ‘e’, for
example, are given distinct codepoints, although they
happen to have the same glyph in the medial position.
There are general rules; however, there are so many con-
text and user dependent exceptions that it would be inef-
ficient to write such rules for the automaton. Rather,
style variation selectors can identify the forms for each
character: where no form selection code is used, the
upper form ~ if there is only one medial form, the form
itself — is selected. F1 is used to select the initial form.
Likewise, F2 is for the alternative medial form, F3 for
the first final form variant, F4 for the second, F5 for the
third, and F6 for the fourth final form, respectively.

Mongolian script has no ligatures in the true sense
as Perso-Arabic. The so-called ligatures including ‘I’ or
‘m’ are that just a part of those characters extends to the
preceding/following character space. And those with
‘b/k/g/flp + vowel’ sequence do change shapes, while
they have no ‘no-composed’ counterpart meaningful
sequence unlike Arabic. Thus, there should be no code-
point for making ligatures. Intelligent Output Mecha-
nisms (OMs) with composition functions can automati-
cally draw these forms. Notice that the composition
restriction codepoint is prepared for users who do not
want to use composed forms. Input Mechanism (IM) is
responsible for such identifications without taking a
user’s time and patience.
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Figure 4: Codeset for Mongolia

On the other hand, people in Inner Mongolia have
favored the pre-classic style, not the xylographic style
often seen in outer-Mongolia and remained in Japan.
They use the different writing convention from that in
Mongolia: when spelling the sequences ‘n/G’(final) and
final ‘a/e’, vowel script carries the dot(s) instead of the
consonant one. Scripts for ‘t’ and ‘d’ are distinguished
in different ways for the two, and also the numbers of
the characters.
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Figure S: Script for Inner Mongolia




5. The Pre-classic Uighur-Mongolian Script

The Uighur script, phonemic, Position-dependent,
with no distinct vowel characters — vowels were tran-
scribed using ‘dots’, was borrowed from the Sogdians.
When introduced for Mongolians, the script, originally
written horizontally from right to left, tuned 90 degrees
to the left for writing vertically from the top. In this
script the Chingis Khan Stone was inscribed and The
Secret History was originally written.

6. The Todo (Oirat) Script

In 1648 Zaya Pandita reformed the Mongolian
script to make it intelligible to the Oirats. The new
alphabet gives distinct glyph shapes to the formerly
ambiguous characters, such as ‘a’ and ‘e’, or ‘0’ and ‘u’,
or X’ and ‘G’. It is still in use in Alashan and in
Sinkiang.

7. The Manchu Script and the Sibo Script

Later in the Ching Dynasty, Manchu script was
made based on Mongolian script and became the official
literary language of China. Like the Todo script, it can
differentiate every consonant and vowel characters using
dots and shape change reforms. Note that it is for
Manchu language, not for Mongolian. The script with
six vowel characters cannot transcribe Mongolian com-
pletely.

8. The Cyrillic Scripts

The Cyrillic script has been used in Mongolia since
1946. It does not have enough number of characters to
transcribe Khalkha-Mongolian, and Mongolians added
two characters for rounded vowels. But still, velar /g/
and uvular /G/ are transcribed by the same Cyrillic char-
acter ‘r’. Cyrillic script nor has a distinct ‘y’ character
but five syllabics including [j] sound instead for seven
'y + vowel phonemic’ sequences in Mongolian: another
ambiguity. Even where one to one correspondence is
kept between the Mongolian sounds and Cyrillic charac-
ters, some Mongolian sounds do not exactly match the
Russian sounds. Therefore, this script is not ideal to
transcribe the Mongolian phonological system.

There are two other Cyrillic systems used for
dialects of Mongolian language: Kalmuck (Oirat) and
Buriat. The numbers of characters, and even some
sound values of characters differ among the three sys-
tems. Thus, it is impossible to unify these systems.
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Figure 6: Three Cyrillic Systems

9. The Paspa Script

The Paspa script is the one that the Khubilai Khan
of the Yuan Dynasty ordered Paspa to make as the
national/international script. He designed the script
based on the Tibetan script (conjunct-syllabic) to make
it viable as an I18N script enable to transcribe foreign
languages. It has enough number of characters to repre-
sent the sounds and syllable structures even of the other
languages than Mongolian, and still in use in Buddhist
temples in Mongolia, Inner Mongolia and Tibet. The
Tibetan script shows the syllable boundaries by Tseg’s,
while Paspa by the connections of characters.
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Figure 7: Structure of Paspa




In Paspa, unlike Tibetan, the connection conven-
tions of glyphs within a syliable vary according to lan-
guages, for it is used to transcribe mixed texts of differ-
ent languages. No boundary symbols between syllables
can define the glyph shape automatically. Thus, it
shows the four variants of glyphs after the codepoint,
with a connection type combined. It also has the code-
point to define which variant to select.
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Figure 8: Codeset for Paspa
10. Summary

All Mongolian related scripts were researched in
the historic order and were encoded into character code-
sets. The principled distinction of information for spec-
ifying a character itself and that for specifying its glyph
articulated the roles of conversion from mb to WC and
that of OM which selects a glyph. By these analyses,
writing conventions which are not related to specific
languages were determined to mix all scripts as interna-
tionalization — Mongolian related scripts need to be
mixed, as found in Buddhist and other texts.

The researches above also brought large informa-
tion, with clearer view of those Mongolian related lan-
guages provided, to process them as natural language
processing. Especially, influences among languages and
among scripts are important for language education,

making sorting orders and database accessing codes.
We started making codesets for all Brahmi derived
scripts and older Perso-Arabic scripts.
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