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0 Abstract | &5

G2P sorting, as an automated natural sorting method for graphetically encoded Mongolian,' is presented in this
document.

ARSI SE S K AR AE P 1——G2P

Section 1 introduces Mongolian sorting conventions including unfolded and folded sorting, setting the stage for the
upcoming discussion. Section 2 evaluates the feasibility of various automated sorting methods for the phonetic and
graphetic encoding approaches, revealing the significance of G2P sorting for the graphetic encoding approach as an
automated natural sorting method. Implementation details of G2P sorting are addressed in Section 3, showing its
technical possibility, while the results of applying G2P sorting to a dictionary database demonstrate its naturalness in
Section 4. Section 5 is a short summary of the key points.
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1 Mongolian sorting conventions | FE3CHF1RHI

1.1 Unfolded sorting | BIFRH)F

Although Mongolian is generally taught to native Mongolians in a syllabic or semisyllabic way, modern Mongolian
dictionaries are sorted alphabetically. The commonly assumed alphabet (unfolded alphabet) used in sorting is

a-e-i-o-u-6-g-&é-n-p-b-p-x-g-m-l-s-5-t-d-¢--y-r-w-f-k-c-z-h-r-f-2-¢
with only a few minor variations:

e &(w) is treated either as an independent letter or as a variant of e (v);
e p (=) istreated either as an independent letter or as a letter sequence ng (<r, #/0>).

RS Bog A S I A8 A S AI, IURESCRM AR L R ALE R Fr o HEFFIN il
MRk (RIFFEER) 2

a-e-i-0o-u-6-d-é-n-p-b-p-x-g-m-l-s-s-t-d-¢--y-r-w-f-k-c-z-h-r-£-2-¢,

A TR E AL«

! In this document, the Mongolian script is confined to Modern Hudum Mongolian unless otherwise specified.
2 T 530 ) ETRILRIAFAS S S, BAER A 180
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o &(w) YA FREAE e () HARk;

oy () MU FHRHAE FHTFAI ng (<r, 2/4>) o
This Mongolian alphabet is characterized by its opaque identification of letters. As is known, there are several groups
of letters in this alphabet which share the same written forms in certain cases (a/e/n, &w, o/u/d( x/g, t/d, etc.), and the

distinctions of letters are established generally on the contrasts in colloquial pronunciations. However, individual
cases of identifying letters can be problematic:

e Due to drastic phonological changes in history, identifying letters relying merely on colloquial pronunciation
is not always possible. Besides phonological knowledge, one’s orthographical, etymological, and
morphological knowledge of the language/script also take part. Therefore it is quite often that one’s
identification may differ widely from another’s as these criteria do not always converge. For example, the
Mongolian word ==¢5 “wolf” may be identified as ¢ino_a, ¢inu_a, or ¢inw_a according to different criteria that
contradict each other.

e As for phonological knowledge alone, people of various dialectal backgrounds tend to identify letters
according to their local pronunciations. Even if confining our discussion to standard pronunciations, it should
be noted that the standard pronunciations of China and Mongolia differ in many aspects.’> Worse still, the
standard Mongolian pronunciation of China is an idealized phonology which is native to nowhere,* and is
poorly popularized in China today.

I FRERA MR AL FRIINERAEN o #FNE XA F BRI ) LA P B RS I Sk —FF
(ale/n, &w, oluw/BU. x/g. td, F555) , FREWX M@ BN AE DR B S X B (ARG T
BEVE R AT RRAR AR P -

o T EEEINE RN, FEEIETERINEF BRI T B T &FRHAE, — AN
WXIET . R JEASFEMIRES R EN . TRE M AT RINER S — M AKE EN I
P B, RO LRI S SRR — e bhanid, 230 =y [ AR | AR L oAl 3
T REMYINE N ¢ino_a. ¢inu_a sk cinw a.

o HURE AU, J7EERERIASBUA TARTE AU B RNE T Bk B v HEBR E A bRk
T2, NS P S RRIE AR AR L 0 A —FE . Ak, AR — AN A
Mt~ 350, H HAES R PR AT e T

As a consequence, the usability of unfolded collation is questionable:

e One word may be identified as various letter sequences and thus sorted variously among dictionaries, and one
will not be able to find the entry when they has a different identification of the underlying letters from that of
the dictionary compiler.

e When encountering a word they does not know how to pronounce correctly, one will have to go over every
orthographically possible reading in order to find it in a dictionary. However, it is quite common for a single
written form to have no less than four possible readings like talai, telei, dalai, and delei.

FirbAd s JR SR OB P OB R B P55 -

o MR RERCONE MARZ M REFE S, ITIAEA RIS AR T2 07 31, dhin— D AR it
BN RE TR UWEA—FERUE A BB NS

% agan “white” is pronounced as /faga:n/ in the standard pronunciation of China and /tsaga:y/ in the standard pronunciations of
Mongolia.
* xéxexota “Hohhot” is pronounced as /xoxxot/ in the standard pronunciation of China but /goxgot/ in Zhenglan Banner (whose

phonology is taken as the archetype of the standard pronunciation).
® cagan [ {1 ] FErPEbRAE S TP Magam/, TAESE LR FRE S ThidifE Msagam/,
® xxexota [ WA | 77 rp RIS A fxoxxot/, (HAFIERERE (H Apcil bl SR ) 31 /goxgot/.
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o il RIAKIE IEAMSE R TIR TG, ST A IE TR BRI AR —m A B T B A B, (H—A>
BiEAA PR BRI BB H5 Bl S, bban talai. telei, dalai. delei

1.2 Folded sorting | #rBRHF

Nevertheless, there has been another approach to Mongolian sorting dating back to pre-modern times which can evade
these above-mentioned shortcomings, whose principle is quite intuitive: for each component of the syllable (onset,
nucleus, or coda), one shape is subsumed under only one letter, which means the sorting behavior for a specific
written form is fully determined as long as the syllable structure is known. This approach is termed here as “folded”
because a syllabary/alphabet that folds homographic written forms is adopted in sorting. In this folded approach,

e telei and dalai («) are sorted like *talai because they are written alike, which has maximally eliminated
ambiguous reading;

e bey e (6¢y) is sorted like *bay_a, not *bai_a (cf. bai (éx)), where the syllable structure is retained to make the
sorting linguistically significant.

At AR R BT SSCHE T A n— MUy kg g TR 2R semk i, JREOFAMERE : W= E— 1k
o (EE &y BE) , AT AEE AT e Xgueid, HEENEHCH, —MEENSEN
HEFFAT 2 St XM X e [ 9r&sC ], BOMHEP iR 8 3R 7 BRI Sk
& VR fEXMr & H

o telei il dalai (o) HEFFHI *talai, 5 E—bE; SRR TR TR L

o bey e (&) HEFF AR *bay_affiAE *bai_a (XfHd bai (6¢) ) 5 XFEORFF M3 WE5H, WLHEFE S

ARG

Arguments against folded sorting may come in two aspects:

e It goes against the common practice of unfolded sorting which has been established for several decades.
o The folded letters are difficult for users to memorize because they are not based on colloguial pronunciations.

SO & HEF RS AT RER H AN T THI -

o LR KA TS BT A HE AR

o JHUPELICIZITE T RE, & RN R T IR .
My defense of folded sorting also comes in two aspects:

e The unfolded sorting widely adopted today itself is not a well-established tradition.

o The shift from syllabic sorting to alphabetical sorting took place only no more than a century ago.

o There are still discrepancies in unfolded sorting like how to arrange » in dictionaries published in
China alone.

o The Chinese standard of Mongolian sorting (GB/T 30851-2014) contradicts widely adopted sorting
practices and other Chinese standards of the script (e.g., GB/T 32912-2016) in many aspects. More
ironically, the text description of the sorting standard contradicts with its collation table.

o Users have long been accustomed to the sorting instability resulting from fickle letter identification.

o Folded sorting is much easier for users to master.

o Folded letters are not memorized but derived directly from the written form.

o Unlike unfolded sorting, etymological or morphological knowledge is no longer necessary in folded
sorting. Basic orthography alone is almost enough to determine the folded letter sequence from a
given shape, though colloquial pronunciation might be marginally helpful in case that syllabification
ambiguity arises.

o Spelling variations in digital text contributed by the public show that users have partially assumed a
folded alphabet in typing.

o & A HR PR ER PRI ST P 5 T
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o SR RIT A AR S ASEA T 2RI 5
o MWEHIFFALE) FRERHE 7 A& AR AN TRIEE S oA — 40
o JEHIE R AR IR AT A g TR 2 R T
o ZFE X ERRfE (GBIT 30851-2014 ) 538 3w SR FH I HE e fifrid: DA M 52 S HAt [l B o
(Eban GBIT 32912-2016 ) {E4fLE 71U A X o BRI, XHsHE 7 RIS ik 5 A
A LT TS -
o FHEMNTRINESBHFIATLE, R I E T -
o IESHFEARD I ESE
o IrEFEAETEILNN, M HENSHEEHEHRM
o AERITAHER, wiR. B ERATN & X H ARSI IR TR LA
SELTE TN E TR, A B AT RRAE & 4 A BB &S0 MY
o  RARTURINE T SOREMH OIS Box, HPTETFIN CEia R 7 7Rk,
In the end, the conclusion is that in no definite aspect is folded sorting inferior to unfolded sorting.

BIRAAERE, 7B AT T 2 R 2

2 Sorting automation and encoding schemes | Hiff HE{b 5RB TR

As we turn back to the encoding issue, problems that arise in sorting automation is what we are concerned about.
Although it is impossible to talk of implementation of automated sorting without addressing a specific encoding
scheme, encoding schemes and automated sorting are essentially two dimensions and intersect each other.

P B A BO8L 2K, HEFe B s e b B RSUR FAT AT O DI o RS B ShHE R I S AT AR 4t 77
SR, Gabt 7 SR E SHE AR b BARAE N

Remarks on various automated sorting methods for phonetic and graphetic approaches are summarized as in Table 1.
Here character sorting refers to sorting encoded characters without any contextual sensitivity (expansion or

contraction). Except for a few diacritical characters (such as FVSes in phonetic encoding), character sorting treats
encoded characters as letters.

XYY SRR LR B R 45 e Lo S TSR ) SRR A A E T HE BTG
(RS ) HASVRIST T BRSBTS TAT CRATS IR FVS) , LA Tt
555 b

Table 1 Automated sorting methods xencoding approaches | 38 1 BzhftHETiE % 4RABEUR

i = Ay ji %
Character Natural sorting e HIRHEF
SOMtiNG | nfolded sorting | Folded sorting WS | mgrsers | st
Phonetic encoding Unreliable Feasible Y NGIE AT
Graphetic encoding | Unusable Impossible Feasible e | ARTH | ASHTEE 4T

For phonetic encoding schemes:

e Character sorting and unfolded sorting yield identical results in most of the cases. Being the most widely used
automated sorting of Mongolian today, however, the sorting results are unreliable, because one entry can be
represented with different character sequences by different users. There are several reasons for this typing
inconsistency:
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o Typo: Typists may not always be able to notice their typing errors.

o Misuse: Typists may identify letters differently.

o Abuse: Typists may favor some incorrect keystrokes deliberately for the sake of expediency.
Therefore, when text from different sources is aggregated, one entry can appear in several places of the sorting
result.

o Folded sorting is feasible for phonetic encoding because it is also feasible for graphetic encoding (see below),
and phonetic encoding contains all information graphetic encoding conveys and beyond.

IOREREDSITE
o FIRHEFARITHEF S NSRS EBIHIE 2 —Fre BmARES RE A HE SR 1%,
HHFF a5 RIS, OA—A 45 BATREAR I P AR F R A0 R ST T 5A—BUT 4T
JURPGEAL -
o T T AAERITEIHCITH T 7o
o M T FAARRIEFRENERA—FF,
o MM FTF AN T I ERUE SARIT A BRI B
TR, HEFRIR SRR, —ak H AR EAEHE 7 45 R LA )7
o EHITHEIERIATI, BOMEEME AT (WF) , HFHEMAEE TN HEIRNE B 29N
WHE TG,
For graphetic encoding schemes:

o Direct graphetic character sorting, being the least costly method, is not linguistically significant, and is
incomprehensible to users.
e Unfolded sorting is impossible, because the distinctions between homographic letterforms are missing from
the encoded text.
o Folded sorting of graphetic encoding is feasible.
o Itis comprehensible to users and thus usable, as has been discussed in Section 1.2.
o ltistechnically implementable, because the information of folded letters is still largely reconstructible
from graphetic strings through a series of contextual transformations, which | will demonstrate shortly.

IOpIZ LD ST
o HEHIEM TS mANREN, HEFY FRAEX, T kA n i,
o JRITHEITARIRE, OB SR SR A RIE RN A T o
o eI EHE T FIATIY.
o MHFREEEMR, FrLU2RTIN, XAEH L2 e &itit.
o BOK LRSI, R &7 RHE EMEMS 71 Hal ot — RS A5 AR AT DAY
1%, NHBORE R X — o
Automated folded sorting of graphetic encoding, or G2P sorting, is particularly of great significance because it seems
to be the only practical solution to automated sorting for graphetically encoded Mongolian.

FEXTER AT S HE T, sobk G2P Hifr, BSOUHER, PROWRHEMSSORE AT A S e HE 5 I rgt
X 2Rl

3 Implementation of G2P sorting | G2P HfF LBl

G2P sorting is implemented in two steps:

e Step 1: Reconstruct folded letter sequences from graphetic character strings.
e Step 2: Sort the entries by their folded letter sequences.
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G2P HEF A Fi T

o 4 WEMFRHHRAREHITE .

o P HUREHMNITETFRT IR THE T o
G2P sorting cannot be accommodated within the main algorithm of the Unicode Collation Algorithm, as only limited
contextual sensitivity (to the extent that adding a few contractions to the collation element table will work, like
Thai/Lao CV inversion) can be handled thereby. However, the mapping from graphetic characters to folded character
is highly context-sensitive. As a result, a separate step of transformation is needed to reconstruct folded strings before
the main procedure of sorting. Luckily this additional step is quite similar to the preprocessing mentioned in the
Unicode Collation Algorithm, the only difference being that the results of reconstruction here are not Unicode
character strings but imaginary sequences of folded letters.
G2P HEfy ARed Unicode HEFFSAR R TIEALN, X PitE A GRS AHRAT IR EIASCHE (FEHE ek
RN 45 S WU AR I IBPRL RS, 1R Z eSO B8 ) o H52, WJBMTREBHT S 7 Rk
S BB o FrUAMEHE P F R 2 i 5 2 — P OISR . 2102 210X —2P R Unicode Hf
FrRLb e M PRI G, ME—1ZE A X E A 45 1A Unicode 1 i 4fr  REVEAR 741 o
The present discussion is aimed at showing that there are always practical solutions to the reconstruction of folded
letters, however graphetically radical the encoding scheme is (as long as the medial double tooth (=) representing x or
g is not broken into two single teeth (r)). In order to cover all practical variations within the graphetic encoding
approach, only the implementation for the most radical graphetic encoding scheme is addressed here, and the readers

should find it easy to adjust it to the rest. It should be emphasized that the present discussion shall not be construed as
favoring any specific variant in the spectrum of graphetic encoding.

AW IHEEAER R, TR ZA 2k CRESOR x5 g IHHIERCE (m) AW EE () )
P& B EA S P TROMRR 5 560 O TR B 2 FRTA AT, X A R St U H i
B RIERS 5 565 SRR ROz A Hg TR DU T HAl (EAsEiiie, X B PHEIEARZMEN i
[FTEAD B I Bl E AL A

3.1 Collation element table | H{)FTHEH

The collation element table of G2P sorting is given as Table 2, where folded letters are listed by their sorting order,
and corresponding glyphs, graphic characters, and unfolded letters along with their orders are given together. Folded
letters and graphetic characters in biunique mapping with them are transliterated with small letters, while graphetic
characters not in biunique correspondence with folded letters are transliterated with capital letters. As can be seen
from the table, there might be up to 9 underdetermined graphetic characters, namely 2, 1, O, U, X, G, L, W, and H,
depending on the radicalness of the graphetic encoding scheme. Secondary weights of collation elements in the table
are largely arbitrarily given, as there is no widely accepted secondary weighting convention for either unfolded or
folded sorting.

w247 G2P e R, HpH e R FPAIH, WA . BT RITAF R
KFF—Iteate —— RPN & AR NS FRERoR, ASTEAF R ——X NPT
KREFREIR. RATUIEN, MBI S E AR, E20hea 9 MyErTE:, Bl AL I, 0. U,
X\ Gy L. W, Ho RPHEFICHRAVREAE RSN, Fovig 2t e i & 3 #scs —&
A TR AL B o
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Table 2 Collation element table | 3% 2 HEFcEE

Unfolded Unfolded | Collation Folded | Graphetic Glyph | KJE
order letter element letter character [ 1S | M
JOTERr  BRITTEE | Hpock a8 | BMTR |  F o
— — [.00.3] A o +
[.01.1] A o -« v dn
12: ae [.01.2] a=a , m m
) ] [.02.1] & — )
2 [.02.2] & W O
3 i [.03.1] j II O 0O -«
[.03.2] 1 I ¢ v
o .04.1 o 0 B - o
4567, ouqd {.04.2} u U s W W ¢
e [.05.1] o] oI HE B =/~ O
62 72 ot [.05.2] = E RN o
[11.1] = n =+ !
1 n [11.2] 5 A |oo . ¢
12 7 [.12.1] AG O 0O = m
13 b [.13.1] b =D m 6 6 9§
14 p [.14.1] p =D m 5 5 9
15, X [.15.1] x X o+ - W
[.16.1] g=g m o -
16, g [.16.2] g X O o~ W
15, 16, X2 02 [.17.1] g G B ¢ ¢ 9
17 m [.18.1] m=m m f ¢ ¥
18 I [.19.1] 1 L m v T
19 S [.20.1] s = s m + W
20 § [.21.1] 5 =35 [ I Y Y
21, 22, t, dy [.22.1] t =t m o« o« .
[.23.1] d=d B 5 5 ©
21222, t2 d; [.23.2] s | on O m = o
23 ¢ [.24.1] ¢ = cC | T T ol
o P [.25.1] o= mEE - -
[.25.2] g | I ¢ v O O
[.26.1] y =y " |
23 y [.26.2] i | 1 SEEE:
26 r [.27.1] r=r s <
[.28.1] W W B t ¢ ©
2 W [.28.2] : U o m m e
28 f [.29.1] f=f m s § g
29 k [.30.1] k =k ¢ g
30 c [.31.1] c=c Bz =z =
31 z [321] zZ = Z | T T Pl
2 A [.33.1] h H B O v v
[.33.2] A AH B~ 0O O
33 F [.34.1] F = ¥ mE ¢ m m
34 / [.35.1] 1 LH Bk w O
35 z [.36.1] z H B¢y O O
36 é [.37.1] é 00 -~ O ®H
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3.2 Reconstructing folded letters from graphetic characters |
WIS h BT & 1

In fact, finite unilinear (no branching, no looping) application of regular expression substitutions will suffice for our
purposes of folded letter reconstruction. A set of substitutions containing no dictionary items for content words is
adopted, as is listed in Table 3. Catch-all substitutions that ensure completeness of transformation are highlighted. It is
worth mentioning that devices like groups ((...) ) or quantifiers (*, +, 2, {m, n}, etc.) are not even resorted to here.

F b, AR B (o SRIEER ) iz FIE N Fak SO st i DA e A TR AT & TR FHRE . X B
KR — A S Iaa s e, Wk 3 Frdle M PRUEFAR SR IR LB s TR
g anydl ((.))  &3i (* +. 2.0 {m,n}, 55) OFBAERAT

Table 3 List of regex substitutions employed in folded letter reconstruction | 3% 3 & REM R FRIENERYE

Search | Subs.
AP | Bt
\bOOA\Db | 08
\bI\b
\bIIAA\D
\bIIAr\b
\bOOI
\bH
\bAH
\bLH
\bW
\bI

-

'_l.
e | e
8]
S

)]
-

-

=D e S el | = [ D [N -

OI\Db | ol

OII\b | 61
(?<=\bG)0II | 61
OIT | of

OI | o
(?<=\BA)II\b | 1
(?2<!'I)I(?2'I) | i
\bO | o
o

9

O(?!Aa)

(?<!A)G

(?2<=\B[AWO]) II | i

I|i

OAG (?! [AIOaiiagéiijoud]) | op
(?<=\B[AIOaliagé&iijoud] )W
(?<=\B[AWIala¢géiijous]) OA
(?<!A)G

0

X (?=[0AIaliagéiijoud]

GW (?=[nbpmsstd¢jrfkczgliwhgy¥r?xiuzchi]
G(?=[AIala¢éiijoud]
(?<=[nbpmsstdc¢jrfkczglijwhgyr?xitizchi])AAG
WAAG
(?<=[nbpmsstd¢jrfkczgliwhgyt?xi82¢Ent])AG
(?<=[Iala¢éiijoud])AG

WAG

Q QO X [0 |Q Qx| =

)
X
)
)

5 |
Q|3
S

Q
Q

D: |3
S
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(?<=[nbpmsstd¢jrfkczgliwhgyr?xii2¢&ni])AA | an
WAA | wan
(?<=[nbpmsstdc¢jrfkczgliwhgyr?xiti2chi])A | a
(?<=[TIcla¢éiijoud])A | n
(?<=\bA)WA (?! [Anddatiagé&iijoud]) | én
(?<=[nbpms3td¢jrfkczgliwhgyr?xit2¢At]) WA (?! [Anpddaliagéiijoud]) | én
WA | wa
AAAG | ?ap
AAG | ?2¢7n

AG | ?¢g

4 Testing G2P sorting | #lli G2P H}F

G2P sorting method specified in the previous section is tested against a 26433-word spelling database. The results are
as follows.

T — P ) G2P HEFy ke N FH B —A> 26433 1t el Aok b T, 252k

4.1 Misreconstruction of folded letters | 1 BF K IREM

The folded letters reconstructed from graphetically encoded data matched the original unfolded letters quite well in the
correspondences defined in Table 2, except for the four major types of exceptions listed in Table 4 below:

e Type A: All words beginning with ei or eQj and all words beginning with en which is not followed by a vowel.
e Type B: All words containing on/un/&n/Un which is preceded by a vowel but not followed by a vowel. Mostly
in genitive stems of fugitive-n native words (e.g., EREU: nom. ere(j gen. ereCn=0), but may also occur in loan
words.
e Type C: A few words containing w or & The list of affected words may vary, depending on the specific
transformational rule set chosen.
e Type D: A few words with ill-formed spelling.
MIEADES R B T Tk 3T & 7 A AR 2 BLE SR R DR SR AR I T RN AR AT, B TRARNAK 4
HHRT AP R 2B S -
o AZL: FrALL ARSI EIE: el el JaIHAZTTE T eno
o B IS PRI FIIETCE TS AT K onfun/én/in, B0 n 547 )R
T (W1EREU: :4% ereQy, &A% eretn=0) , {Hf5 R H AL 2AT,
o C&: —/NiITHE wik efyinle MRS, BT B s o
o D —/NBOPFERHEIII.
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Table 4 Types of misreconstruction | 3% 4 REKIS R

Tvoe Unfolded  Folded  Reconstructed Graphetic Maior etvmological class | Count
yp letter letter folded letter  character J y g
x| BIFER IrETh EWiIE TR BT Bt amb/iEs T
A e g p) A Native | [ 45 27
B Un on o} OA Native/Loan | [4]45 - 4Nk 12
w w é
C & 5 i W Loan | 4h3k 6
D lI-formed spelling | 5 Native | [ 45 2

As is shown, all cases of misreconstruction are syllabification errors, which are predictable in general. Table 5 gives
some examples of misreconstruction of each type.

P AT R BRI B#e w R IsERR . R ERTUATI. 3 5 4 — 2R EAGAS T — 281,

Table 5 Examples of misreconstruction | 3 5 1R B2

Type Unfolded Folded Reconstructed Graphetic
letter letter folded letter character
% | BITER ravhk EWiE TR EmTR
ei &1 21 Al
ein 2gijri 2iin AIIA
A ed 2du 2u AU
ende 2gnda 2ada AAdJA
eretn ?draon ?érad ArAOA
B ondoon Poridoon Poridod AOAJOOA
niswanis niswanis nisénnis nIsWAnIs
nirwalaxu nirwalaxu nirénlaxu nIrWALAXU
¢ burwasad borwasad borénsad bOrwWAsAOA
yéwi yélwi yéléi yWLWI
tyri tpri tagri tAGrI
D tyrilig tprilig tagrilig tAGrILIG

In the 26433-word database, only 47 entries of misreconstruction occur, making up 0.17% of the total.

1 26433 Ak AR UL T 47 SRR, R 0.17%,

4.2 Comparison of G2P sorting with ideal unfolded sorting |
G2P Hefp 5 AR R I HE 7 B LB

The result of the G2P sorting test is then compared with ideal unfolded sorting. The results are shown in Figure 1 and
Figure 2:

G2P HE MU a5 R SERR T LU, SR 1 KI&] 2 Foss:
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100% 10%
0 t&d /4 Xirxr_e t&d
90% — N/ girgira 1
80% ”,, 5% t
70% ﬁ
60% / oo ik L/ A
50% MW/ V F /
40% / -5% f
0,
30% / X& g ——
20% ‘ -10% X&g
/]/F deiliingi N
10% T ;
L/ taijlongi
0% T T T T 1 _15% T T T T 1
0% 20%  40% 60%  80%  100% 0% 20%  40% 60%  80%  100%
Figure 1 G2P sorting ~ ideal unfolded sorting Figure 2 Lead and lags of G2P sorting
relative to ideal unfolded sorting
B 1 G2P HEfy ~ HE R H T &l 2 G2P HE AN T AR R ITHE - HORE Bl AL )5

Figure 1 shows the relative order of G2P sorting against ideal unfolded sorting in percentage, and Figure 2 shows their

difference. The maximum lead of G2P sorting to ideal unfolded sorting is —11.41%, occurring at deiliiygi sorted as

taijlongi, while the maximum lag is +7.96%, occurring at xirxir_e sorted as gi rgira. The standard deviation (o)

of the sorting order differences of all 26433 entries is 2.84%.

1 BoRrE LA B0 EN G2P HEfF AR 7 AR A T CHE Pk e, B 2 BoRIEMA T E . G2P

HEFF AN T RRAR R SHE P N i R/ T 2 —11.41%, HUBIAE deiliipgi HEDIIFE taijlopgis fKifin e +7.96%,
HHENAE xirxir_e HE5ME girgira, J 26433 45 H Iy 2% (0) & 2.84%,

The major contributions to the sorting differences come from x/g and t/d pairs of the first letter, and less significantly
from a/e, o/u and dupairs of the first vowel. A user accustomed to ideal unfolded sorting should find it easy to adapt
to G2P sorting without much training, just to remember to make some adjustment to these tangled pairs according to
their written shapes.

APPSR FER RN X, vd PR, Hkoe EF*JEEIEI/] ale, olu, OUJUNfe A 1 HAREITHE RO
Rrizesbifs G2P i AHE 2GR A S EN, T A Z X LA 2 1 - R A SR R Le i) 4

To give an intuitive view of the sorting similarity, an extract of the results of both sorting methods are given in Table 6,
where the items are extracted in a uniformly spaced manner from the G2P-sorted database. The results show that only
5 entries (highlighted) out of total 52 differ. In conclusion, G2P sorting does not deviate as much from ideal unfolded
sorting as one might expect.

Oy T HE R ROARNE , 3% 6 A IH T PRI LRk, Hh S FOE N G2P HEFF e e 25 ]
PR EE IR SR oR, B 52 St HHPE 555 (Emst) AR, 45k, G2P HiF ST
AP RGh ERIN 2%

Table 6 Extract of G2P sorting and ideal unfolded sorting | % 6 G2P Hifr 5HEEREAHEFIT

Rel. delta | Unfolded  Unfolded G2P Reconstructed Graphetic

sort. ord. | sort. ord. letter sort. ord. folded letter character

> ):Ea:l: — Gzp / = S / = A

FEDRS 7 22 T JRIT 7 hE T T AT AT IZLEZE
0.06% 517 agawa 500 Pagawa AAGAWA

0.00% 1000 asagtuxu 1000 Pasagdoxu AASAXdOXU
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—0.05% 1488 arcigur 1500 Parcigor AArZIgOr
0.06% 2015 elegdexta 2000 ?glagdago ALAGdAGO
0.04% 2511 iin 2500 ?iin ATIA
0.01% 3003 irgagalaxu 3000 Pirgagalaxu | ALIrgAJALAXU

-0.91% 3259 obosxixt 3500 ?obosgigo AObOsGIGO
0.62% 4164 usadxagci 4000 ?Posadxagci | AOsSAOAXAXCEI

-0.14% 4462 ursigtai 4500 Porsigdai AOrsIXdAI

(5000 d&rgedxel)

1.04% 5276 iilemjidexii 5000 ?6lamjidago | AOILAmMJIJAGO
—1.89% 5000 d&rgedxel 5500 ?6rgadgal AOIrGAOAGAL
—0.63% 5834 namci 6000 namci nAmc¢I
—-0.09% 6475 noxaituxu 6500 noxaijdoxu nOXAIIJOXU
—0.01% 6997 bagaturcud 7000 bagadorcod | bAgGAdOrcOOA

0.71% 7689 beyeci 7500 bayaci bAYACI

1.23% 8326  buurji 8000 boorji bOOrjI

0.25% 8565 bujigirtuxu 8500 bojigirdoxu | bOJIGIrdOXU

0.02% 9005 bUrxUxt 9000 bdérgoijgo bOIrGOIIGO

0.00% 9500 xabursil 9500 xaborsil XAbOrsIL

0.00% 10000 xasumal 10000 xasomal XAsOmAL

2.56% 11179 xoordalg_a 10500 xoordalga XO0OrdALga

1.82% 11482 xosoncilaxu 11000 xosopc¢ilaxu | XOSOAGEILAXU

(12250 xcn)

5.39% 12928 gagaglaxu 11500 gagaglaxu gAGAXLAXU

6.75% 13788 gutugaxu 12000 godogaxu gOdOgAXU

2.63% 13198 gemsixt 12500 gamsigo GAmsIGO

1.20% 13319 gilaljam_a 13000 gilaljama GILALJAma

(13788 gutugaxu)

—4.72% 12250 xcy 13500 gdog GOIG
0.45% 14120 gyddixa 14000 go6yoldogo GOIyOLdOGO
0.34% 14590 mesil 14500 masil mAsIL

—0.01% 14997 monxelexii 15000 mépgalago mOTAGGALAGO

—0.11% 15471 sanagatai 15500 sanagadai SAnAGAdAI

—0.80% 15789 salbarxai 16000 salbarxai SALbATrXAI
0.05% 16514 sibeg 16500 sibag sIbAG

—0.03% 16993 siratuxu 17000 siradoxu sIrAdOXU

—0.82% 17283 soyoxai 17500 soyoxai sOyOXAT

—0.02% 17995 Saliyatuxu 18000 saliyadoxu | SALIyAdOXU

—0.23% 18440 taitagar 18500 taijdagar tAIIdAGAr
0.86% 19227 tebxe 19000 tabga tAbGA
6.16% 21133 dagir 19500 tagir tAGIr

—4.21% 18884 tasixu 20000 tasixu tASIXU

—5.30% 19097 tawarcilaxu 20500 tawarcilaxu | tAWArcILAXU

(19227 tebxe)
—4.68% 19761 togonocaxu 21000 togonocaxu | tOgONnOCAXU
—4.62% 20275 tulgagurtai 21500 tolgadordai | tOLJAGOrdAT
(21133 dagir)

2.03% 22537  diipsiiixii 22000 tépsoijgo tOIAGsSOIIGO

0.39% 22604 dUrsiei 22500 torsodai tOIrsOdAT
—0.48% 22874 cCasuraxu 23000 casoraxu CAsOrAXU

0.00% 23500 cisurxau 23500 cisorxau CIsOrXAU

0.35% 24092 ciiiireljexti 24000 céoraljago | COIOrALJAGO
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0.87% 24730 jegUte 24500 jagolda IAGOLdA
-0.01% 24998 jilabci 25000 jilabci ITLADbCEI
—-0.46% 25378 joltai 25500 joldai IOLJAI

0.43% 26114 yexemsiy 26000 yagamsog yAGAmMsOG

5 Summary | B4

The key points of this document are:

Folded sorting is not a new invention, nor is it inferior to unfolded sorting.

G2P sorting, as an automated variant of folded sorting, can be a good solution when automated sorting of
graphetically encoded Mongolian is needed.

Technically G2P can be implemented with an additional step of reconstructing the folded letters from the
graphetic characters.

The results of G2P sorting are not dissimilar to those of widely used unfolded sorting, and users will easily get
used to it.

A GA

P& HPASTI A, A A I 3y

G2P HE 2l &5\ i— A B s LR, AEFRE A S EHEF BSOS 52 S AR T 5o
PR b G2P W UL IN—28 WA 47 BEAE 31 B B S

G2P HE AR S T 2 S AR AP SR EEBAREL, P A B R
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A Orderings of dictionary headings in ideal unfolded sorting and G2P sorting |
BRRRITHER A G2P HEF T Wi fths H S

Table 7 shows an ideal unfolded sorting of dictionary headings, which is the most widely accepted version in modern
China. Headings in adjacent cells with the same underline patterns are homographic.

T AR H AR AHE Y, R E SR DR RSN ) 2 At A
LN SPE DA
Table 7 Ideal unfolded sorting of dictionary headings | 3% 7 iE#uisH KEEETHEF

a < e<;& < I < 0 < U < 06 <« U
<, ha <, ne<;né < n < N0 < N < nO < nu
<, ba < be<;h& <, bi < bo < bu < b6 < bhU
<, Xa < xXe<xe& < X < X0 < XU o< x0 < xGa
<1 g2 < g€ < gl < g0 < U < g0 < gl
<1 ta <1 te<;té <1 ti <1 to <1 tu <1 to <1 ta
- d'a Py de<,dé - d'i - d'o - d'u - do da

b o<,da 7t o<yde<;dé Tt <pdi 7t <;do P <,du P <,dO <, dd

Table 8 shows G2P sorting of dictionary headings. Headings on both sides of “="s are homographic. “>”’s indicate
additional subsumptions, and the parenthesized terms should be in their normal places in ideal folded sorting. For
example, en should be sorted under the heading of e in ideal folded sorting, instead of under a in G2P sorting.

" 8GLHINEIMARE I G2P HEfr . [=] MbrE2RIEN. [ 2] RREUMNOIEIE, 1HS4mEnmiir
A EHE RS AR HER A F e Ban, en MRS X H PR ROZHHERRH e 2 T, iAB G2P
HEr—tEifEaz .

Table 8 G2P sorting of dictionary headings | 3z 8 {H#FRE K G2P HiF

a(@en) < e<x€ < i(@el) <« o=u(>@0) <, ©6=0

<, ha=ne <, né < ni <, ho=nu(@nd) <; nB=nu
<, ba=be <, be < bi <, bo=bu(@bl) <, boO=bi
< xa < X0 = Xu
<1 ga < go=gu
Xe & < Xi xO= xU
<1 = ge < 9 1 =y <1 = g6=gu
< ta=te té - ti < to=tu (o td) < to=ta
' =da=de Tt =de ' =di ' =do=du(odid) Tt =do=du
<, da=de <, dé& <« d'i <, do=du(@du) <, do=du

Tables of dictionary headings in Hudum listed by both unfolded and folded letters are given here for the convenience
of reference.

W RN & U R PP OISO R X B — e, LAMES %

14715



Table 9 Dictionary headings in Hudum | 3 9 Jal86R B BIBHER RS

(a) Listed by unfolded letters | 4Kk B ZREHEA (b) Listed by folded letters | {& & 7R-HE
-a|-e|-€|-i|-ou|-ga —a|-g|-é|-1i|-0]| -6
- r * || W o Tov - ] * © ~ o oy
n- W * | o Tov n—|+* | B | *® |~ ' Tov
b- o | & | & & b-| & | B | & | & | & | &
X- | o . x|~ |®m|®|® |~ &}
L B @
g- | o o G- |m | m | ®m |~ | B
g-| > | ®m | x| & | W |
t/d- o ot || ooy
- G T e | o w o t=| o | B | ¢ | & | ® | %
d-| = | w e w | v

B Correspondence between graphetic characters and folded letters |
BT - B X PR

Correspondence between graphetic characters and folded letters is given as Table 10 for the convenience of reference.
Single characters and character combinations are aligned in the table.

R 10t TR &R IR NG R AMES % o AP BRI B B X 5

Table 10 Correspondence between graphetic characters and folded letters | 3% 10 JBRZRFITSF NN FE

Glyph | ®JE Graphetic  Folded  Unfolded Glyph | KJE Graphetic ~ Folded  Unfolded
IS | M FE character letter letter IS | M FE CcCharacter letter letter
L R N | e S %= A SR ey =i o o I A S S N | 7 % & [ = A B S re R e

? O O « m AG y
pr] e
H r v I A a . B v O O AH A h
A n O m = o OA o} d
1 i O 0O w« O IT 3 i
¢ v V) I 7 j
¥ y B B «/x O oI le) (o]¥]
O m = o oA o} d
B s o/r o (o] o) o/l | m M «/x O oI 6 (e]¥]
HE - O N 00 é é
s m om e U Lj o/u/@du
i w
[ ] ) " o X }f X
g g

m ¢y G g x/g O O « m AG D
[ I TR T | L 1 I B x w O LH 1 {
H =< T o W N €

14 w
. H h h B v O O AH A h
T 3 : B & & O LH F

(End of document | k445 )
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