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1,400,000

Abstract

1,200,000

The Asian Classics Input Project (ACIP)
has created a public database of 110 MB of
Tibetan texts, giving glyph-to-glyph tran- 1,000,000

scriptions of 1,031 classic books. Thisisa
rich source of information about the allow-

able patternsin Tibetan syllables. In fact, 800000
these “ one thousand books” contain 22.8

million syllables, a sizeable chunk of akind 600000

of Tibetan used in scriptures, commen-
taries, liturgies, etc.

400,000
We created an expert system that enabled
us to uncover and count the glyph patterns

in the Tibetan dbu can (u-chen) script. The 200,000
numeric data collected could not easily be
used by human beings to make judgements
on where syllable boundaries must be, but
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make these judgements using this kind of

statistical data.

I
These data can be used by amachine to run Fig. 1 —_The number of times_ the most_frequent 360_ syllableswere found in
down lines of glyphs without syllable indi- 1,031 Tibetan texts of the Asian Classics | nput Project (ACI P) database.
cators, and determine where the syllable ' '
boundaries most likely are and what are the ] ) thelast glyphin theinitial form (asin all
“aternates,” if any. Associated with each Theancient Tibetan gram- other vowels).
pattern is a probability that this pattern marians knew that there were
could be a syllable (p = count per 100 mil- o ) i We now have tables of the frequencies of
lion syllables, for example). intricate patternsin the Ti- occurrence of each pattern and these can

betan Language, but they did be downloaded from the Internet in Ex-
But, if the glyph pattern is never seenin . cel format (http://wwws.ghg.net/dstil-
several large samples of Tibetan, then the not have the modern digital well/newdata.zip ~3-4 MB). Itisof im-
probability that a glyph combination isa computer s needed to index mediate use to Linguistsin the formit is
syllable is assigned to zero. , . , in now, or to CLIPS programmersin a

and quantify Tibetan's deep CLIPS-formatted input file, and to all
Tibetan syllables are generally composed of structure. others as a series of DBF files, comma-
one of 259 common initial forms, with one or tab- separated lists, etc. (I'll help with
of 5 common vowels (or 7 rare vowels), each of the latter on request.)
and possibly one of 25 potential common For thefirst time, tools such
final forms. Both theinitial and final forms Interestingly, the use of 600 exception
are either one or two glyph-unitswide. The asthe NASA CLIPS expert syllables with 259 X 5 X 25 cells of ini-
vowsdl is attached to the last character in the system programming lan- tial, vowel, and final forms, is enough to
initial form, either by being intrinsically explain virtually al of the syllables
there (A), or just above or below guage and Excel can be ap- found in the 110 MB database.

plied to analyze this data.




| ntroduction

Tibetan existed purely as a spoken language
until about the 7th Century AD, when monks
and scholars created a script for it. Their
sole purpose in developing awritten form of
Tibetan was to be able to trandlate the great
works of Buddhism from Sanskrit into Ti-
betan. Since that time, much has been writ-
ten about the structure of Tibetan syllables.
The ancient Tibetan grammarians knew that
there were intricate patterns in Tibetan
script, but they did not have the modern digi-
tal computers needed to index and quantify
Tibetan's deep structure.

Tibet, sitting on the high ground between the
China and the Indian Subcontinent, has
strategic value to the People’s Republic and,
hence, its army invaded Tibet in the 1950’s.
Since that time, more than amillion Tibetans
have been killed and thousands of monaster-
ies, along with their libraries and cultural
treasures, have been destroyed. Fortunately,
many Tibetan texts and cultural treasures
found their way out of the country on the
backs of fleeing Tibetans, but many more
have been lost forever.

To save what remains of thisimportant cul-
tural heritage, many transcription projects
have arisen. Of al of the transcription pro-
grams, only the Asian Classics Input Project
(ACIP) [see http://www.asianclassics.org]
makes its texts freely available to scholars on
the Internet. Hence, it is this database that
forms the basis of the electronic syllable
grammar described in this paper.

The ACIP texts used in this study include
1,031 classic texts that were typed into a
standard computer using Roman characters
to signify the precise Tibetan glyphs found
in the texts.

Lists of these texts can be found at:

(1.) Sungbum Texts:

http://www.asi ancl assi cs.org/downl oad/
SungEng.html,

(2.) Tengyur Texts:

http://www.asi ancl assi cs.org/downl oad/
TengEng.html, and

(3.) Kangyur Texts:

http://www.asi ancl assi cs.org/downl oad/
KangEng.html.

We are grateful to the Monks of the SeraMey
Monastery, and other Gelug-pa monasteriesin
India, who typed these textsinto computers
from the original Tibetan documents. The
ACIP database used in this study was 110
MB of ascii data and included 22.8 million
syllables. Itisthelargest electronic collection
of Tibetan texts available to scholars by far.

The Tibetan OCR Project is a group of about
25 individuals across the globe who are inter-
ested in providing a Free (Open Source) Opti-
cal Character Recognition (OCR) program to
the Tibetan community to speed the input of
these important texts into electronic format.

Although Don Stilwell is the chief author of
this electronic grammar, he isindebted to
many members of the Tibetan OCR group for
their many contributions to thiswork. Dr. Lee
H. MacDonald of Arizona provided software
for performing syllable counts on ACIP texts.
Marvin Moser, the author of Tibetan for Win-
dows (http://members.aol .com/tib4win/), and
Pierre Robillard, the author of the L Tibetan
font (http://www.interlog.com/%7Epierrer/)
have made their software freely available on
the Internet. Thisalowed usto easily repre-
sent the Tibetan charactersin our work. And
to Marvin Moser for doing some of the Ti-
betan typing, which the first author never
learned. Leonardo Gribaudo of Florence,
Italy provided syllable counts for the
Rangjung Y eshe Tibetan Electronic Dictio-
nary (http://home. earthlink.net/~rangjung/
rypub/ry-dic.htm) which were used in this
study. Uwe Ushakov provided the excellent
ftp site at: ftp://storm.ptc.spbu.ru/pub/human-
languages/tibetan/tibocr/ . Naturally, we are
especially pleased with the support offered by
Dr. Robert Taylor and Robert Chilton of the
ACIP. Many others helped in significant

ways.

Figure 1 on the previous page shows a plot of
the number of times the most frequent 360
syllables were found in 1,031 Tibetan texts of
the Asian Classics Input Project (ACIP)
database. Aswe can show, by integrating the
area under the curve, the first 360 most com-
mon syllablesin Tibetan make up 19.8 million
or 87% of the 22.8 million syllablesin the
database. By the time you go through the top
6,760 most common Tibetan syllablesin the
database, you have exhausted virtually all of
the 22.8 million syllablesin this 110 MB
database.

L

Thedata produced
by theexpert sys-
temindudesa4-D
mathematical
modd of essen-
tially all of thesyi-
lablesina110MB
text Corpus.

|t may soundsin-
teregting to some
that the expert sys-
tem codesinfor-
mation in 4th-
Dimensonal
space, but we must
remind everyone
that thisfourth di-
mengonisonlya
mathematical one.
For thereisnoth-
ing mystical about
theidea of attach-
ing a probability to
every syllablethat
Iscomposed of an
initial form (P1), a
vowd (V),anda
final form (P2).




Not surprisngly,
thesesame 259
initial forms (P1),
5major vowds
(V), and 25fina
forms(P2), sup-
plemented by the
600 exception syl
lables(E), Ao ac-
count for ALL of
thesyllablesin the
Rangjung Yeshe
Tibetan English
Dictionary.

Reading the Tibetan Syllables

We have discovered that virtually all of
the syllables in database are accounted for
by the top 6,760 most frequent Tibetan
syllables plus a small list of about 600
syllable exceptions. Strangely, al of
these syllables (except the 600 excep-
tions) can be built from 3 component
parts: aninitia part (P1) of one or two
Tibetan base glyphs, avowel (V), and a
final part (P2) of one or two Tibetan base
glyphs.

Theinitial and final forms (P1 and P2) are
composed of one or two consonant
glyphs. And the vowel isindicated either
above or below, or both, of the final con-
sonant in theinitial form. The final form
can contain vowels too, but there are a
relatively small number of these final
forms. And we treat these P2 vowels as
just part of the final form in Tibetan sylla-
bles. By use of our expert system, we
were able to determine that there are
about 259 important one or two glyph ini-
tial forms and about 25 one or two glyph
final forms. The number of vowelsis
even smaller and will be discussed after
P1 and P2.

The 259 most important initial forms are
shown on the next two pages. They ac-
count for the first one or two base glyphs
in most Tibetan syllables. They are actu-
ally listed according to their frequency of
occurence. PA (using ACIP notation)
occurs the most frequently and CV occurs
theleast. Thislist isnot the only one that
could be made, but these represent ob-
served frequenciesin the 110 MB sample
of ACIPtexts. Not surprisingly, these
same 259 initial forms (P1), 5 major
vowels (V), and 25 final forms (P2), sup-
plemented by the 600 exceptions (E) syl-
lables, also account for ALL of the sylla
blesin the Rangjung Y eshe Tibetan En-
glish Dictionary.

Thefinal forms (P2) are only 25 in num-
ber and these too are supplemented by the
list of 600 exception syllables. Likethe
initial forms, the final forms are either one
or two base glyphsin length. There are

often vowels associated with these 25
different forms, but they behave as if
they are afixed part of some final forms

and need not be treated separately.
asci tibetan freq  JPL_ VP2 JoL Vi c2 v2Jc3 V3 c4 v4)
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Fig. 2 - The 25 most common syllablesin
the 110 MB database. Thefirst part of
the syllable is shown as P1, the vowel as
V, and P2 asthe final form. Theremain-
ing breakdown isinto glyphs/parts.

Fig. 3 - The next two pages show the 259
initial forms (P1) that account for the
vast majority of Tibetan syllables.
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name Tibetan] counts
P N 2,807,650
3,000,000 D N 898,723
2,500,000 B N 114459
2,000,000 N % JL003937
1,500,000 M N 1,000,797
1,000,000 L A 999,083
&
500,000 Y 835,953
, S N1 570123
TEepESELEANITLEFE%5E08E3 5878 By T | seesms
R A 477139
Figure 4 - This shows the number of times each of the 259 initial forms (P1) were found in the 7;q
110 MB database. With the most common intial form, PA being assigned to the lowest | eft- G 424,300
hand point on the x-axis. It isalso assigned to 2.8 million on the y-axis, because that isthe @
number of times PA was found in the ACIP database. KY 406,814
zH @ | 389,302
cH & | 373161
PHY 3 344,826
C S 334,290
_ D 5 ] 330850
On theright—> :
N 9 319,294
Thistableshows ™ X | 311904
thefira 32 of the T bl 307,753
259initial forms o T -
. (P1) andhow v ’
| w—
7 (7 () often they ap- RN & 240,798
pearedinthell0 TS © | 234375
— = = = = MB ACIP sH 9 222,292
database of 1,031 ,
—| = s — A== Tibdan texs RGY I 204,311
T % | 201,232
AT e e e ey mﬂz GS EIF\F 185,635
NG
Figure 5-About 2.8 million (or 12%) of the 22.8 BZH i 171,106
million syllables have PA astheir initial form &y
(P1). About 1.9 million (or another 8.3%) of all | > 7 169,469
the 22.8 million syllables have DA astheir initial ’
form. Followed by BA at 1.1 million occurences, RT é; 167,960
and so on. GzH 9§ | 161,793
6 NN 159,220




1 2 3 4 5 6 7 8 9
xnil XS XN XNG xR xD X'l xG xGS
freq [8,012,418 2,347,871 2,022,994 1,983,920 1,611,375 1,530,514 1,060,747 1,052,529 652,336
ar a_\ C £ 5 a ’:ﬂ qw.
11 12 13 14 15 16 17 18 19
XL xMS xB XNGS X'0O X' XBS X'ANG X'AM
freq 554562 381,686 369,408 268,476 130,138 115668 88,607 17,037 14,290
ar =) g ooy o) Q qay ol Q&
21 22 23 24 25
x'UR xt x'U'l x'I'O x'US
freq 778 484 480 183 117
eES o ey N R

Figure 6 - The table above shows the 25 final forms (P2) that are found in the vast majority of Tibetan syllables.

I n about
35% of all sylla-
blesthereisnofi-

nal form
(P2 =xnil), all syl-

lablesmust at least
havean initial
form (P1).

The 25 final forms (P2)

The 25 most frequent final forms (P2) are
found in the majority of Tibetan syllables.
In about 8 million of our 22.8 million syl-
lable database, no final form was present,
but the remaining 14.8 million syllables
had either a one or two glyph final form.
The two dozen or so P2 forms contrast
sharply with the relatively high count,
259, of the P1 forms. Thisindicates, of
course, that the range of initial forms, P1,
isabout 10 times greater than the range of
final formsin Tibetan syllables. In our
notation, we place an ‘x’ in front of the
ACIP trandliteration of the final forms,
P2, like avariable, to indicate the position
of the P initial form.
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Figure7 - A plot of the number of times each final form appeared in the 22.8 million syllable database. The x-axisrepre-

sents the top-25 most frequent final forms (P2) with xnil (= syllables without final forms) at the highest point (about 8
million occurences). Aswe go across the top-25 P2s, it can be seen that number drops very rapidly for xS (SA) asafinal
form. Thisisagraph of the data that we showed to you numerically as“freq” in thetablein Figure 6.

These are the combinations of glyphs aswe have

V1

Cl

\

identified them in the expert sysem. The gray box
show the vowel position which rarely occurs. Indl

cases, syllablesthat fdl into this category are moved

to the exception list. The blue boxes show those
vowels glyphs which may or may befound inthe
average Tibetan syllable. The white boxesare

consonants that may or may not occur in the average

Tibetan syllable, except C1, which asaminimum,
must ways occur!.

No P2

V3

V3

V4

Figure 8 - This shows the num-
ber of patternsthat the gylphs
can take in a standard Tibetan
syllable. The way we have
coded the expert system, the
most common 6,760 Tibetan
syllables — those syllables
which are not on the excep-
tionslist — alwaysfit within
one of these glyph patterns.
The sameistrue for the 600
exceptions.
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Figure 9 - The pie chart shows the percentage that each of the top-25 final forms (P2) hasin the complete ACIP

database. Thelargest purpleregion represents 35% of syllablesin which thereisno final form.

SA, isthe most common final form followed by NA, NGA, and RA, in ACIP notation. Note that thisisa graph for only
22,183,249 or 97.3% of the Tibetan syllables that follow the most common patterns.
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AN A~nA A=

OA
Hi
00
OE
HU
O the rest

Fig. B - The table above shows the 5 common vowels (A, I, O, E, U in ACIP notation) and a tiny,microscopic red
line near A to indicate therest of the vowels (Am, EE, Em, i, Im, Om, OO, and Um), which in total acount for only
8,662 out of the 22,183,249 syllables that follow the 259 initial form X 5 vowel X 25 final form pattern.

TheMain Vowd
(V) of each syllable
adherestothelast
gyphintheinitial
form (P1).

Sotheorder of
each syllableisPl,
V,P2(if P2iseven

present).

The Vowels (V)

The main vowel, V, of each P1 X P2 com-
bination adheres to the last glyph of the
initial form (P1).

So the order of each syllableis P1, V, and
P2 (if P2 is even present).

The absence of an explicit vowel indicator
(1,0, E, U, Am, EE, Em, i, Im, Om, OO,
and Um) means the implied (or inherent)
vowel A isthe main vowel of the syllable.

c m O

rest

10,863,087
3,624,685
3,141,609
2,836,071
2,328,925

8,662

47.6 %
15.9 %
13.8 %
12.4 %
10.2%

0.0%
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The 259 initial

oDy forms (P1)
syllable
The 25 final

The 5 major forms

vowels

EXCEPTIONS

Residue = atiny number of syllables
that future users can choose to add to

Figure 11 shows counts for most of the the exceptions list.
punctuation marks.
ACIP tibetan freq Figure 12 - Shows the structure of the mode! of Tibetan script that is encoded in
our expert system. The use of an exceptionslist allows the model to absorb new
] 2560.906 || 9lyph patterns by assimilation — that is, to learn under a human’s guidance. But
' N the number of exceptions that we have so far is small — perhaps 600. If a syllable
does not meet the most common patterns (259 X 5 X 25), they are compared
OV 31,196 || against the exception list and if the whole syllable doesn’t match any of those, it
flagged, listed and counted.
; 23,264
2 0817 The Expert System
The current expert system matches more
e 2,099 The Expert S/S' than 5 vowels, but we plan to add the rare
. lvshould vowels (Am, EE, Em, i, Im, Om, OO, and
I OOV 474 temideally shou Um) to our exception list instead of
bedructured as matching them in our regular Tibetan syl-
: 3 lable format (P1, V, P2).
2 358 shownin Flg_ure
12 above. Itisa We hopeto soon do a detailed analysis
o 2 littlediffarent from on the Tibetan glyphs themselves. What
° frequency each is used in the 110 MB
our current database, etc. , istemporarily unknown.
RSO Sysem, but not The glyph analysis, which is extremely
22 much. germane to the question of OCR, deter-
mines the frequency of occurrence of the
X\ 10 various glyphs used in Tibetan.
total 2,628,180

11
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Our expert system analyzes the patternsin

Tibetan dbu can (u-chen) script by concentrat-
ing on the frequency of each pattern in the 110
MB Corpus. It is much harder for usto imag-
ine the number of patterns which are theoreti-
cally possible, but which do not occur. The
value of this analysislies as much in what it
excludes from the realm of possibility asin
what it includes. For, in practice, knowing
what glyph combinations are not found in Ti-
betan, along with knowing what glyph patterns
actually are found, isreal knowledge that can
be used in the creation of an intelligent Ti-
betan OCR system.

Figure 13 showsthe ancient grammatical
understanding of regular Tibetan syllables
in asimple form. Syllables are made up of
glyphsthat have certain forms and not
others. When we break these syllables up
we see that only certain glyphs can bein
certain positions. Of course, thisonly ap-
pliesto syllables that follow this regular
form. Many syllablesdo not! The use of
an expert system allows matching and
counting of more sophisticated patterns,
including all exceptions that one can iden-
tify.

Possible Superscribed:

Possible Suffix-1s:

X A X5 3=«
= 2 X al g
vowel
Super-
scribed
Possible Prefixes: Prefi :
q 5 R AR Sl Suffix-1 Suffix-2
Sub-
scribed
Possible Subscribed: vowel Posgible Suffix-2 s:

aox oAy

5 @

L

Our expert system
analyzesthe pat-
ternsin Tibetan
dbu can (u-chen)
script by concen-

trating on thefre-

guency of each
patternina 110
MB text Corpus.

It may sound in-
teregting to some
that the expert sys-
tem codesinfor-
mation in 4th-
Dimensonal
space, but we must
remind everyone
that thisfourth di-
mengonisonlya
mathematical one.
For thereisnoth-
ing mystical about
theidea of attach-
ing a probability to
every syllablethat
Iscomposed of an
initial form (P1), a
vowd (V),anda
final form (P2).

—
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The Expert System

There are about 259 common Initial
Formsin Tibetan and they are shown in
Figure 3 on pages 4 and 5.

Welist these Initial Forms (P1s) in a spe-
cia order — that is, from the most com-
mon ,PA, to the least common, CVA.

Following the list of the most common
Initial Forms (P1s) thereisamuch
shorter list of Final Forms (P2s).

The 25 common Final Forms (P2s) are
shown in Figure 6 on page 7.

There are only 5 common vowels (which
aredenoted A, I, O, E and U as shown on

page 10.

The general format for the expert system
isshown in figure 12 on page 11. Wedo
the following now, but the next version of
the expert system will have a bit more
power.

In this version of the expert system, the
initial form (P1) of agroup of syllablesis
detected by the first stage of the expert
system. Then it will be passed on to the
next stage for vowel matching. If the ma-
jor vowel is detected as anything other
than A, I, O, E, and U, then the current
version of the expert system tallies them
and breaks them down into P1, V, and
P2. In the current version of the expert
system, V was allowed to include 13
vowel planes rather than the 5 later set-
tled on. In the current version of the ex-
pert system, the rare vowels (Am, EE,
Em, i, Im, Om, OO, and Um) have their
own vowel planes. On inspection of
them, we decided we would include these
in the exceptions list for the next version
of the system.

In both the current and the future version
of the expert system, the number of times
each combination was triggered is con-
tinually summed as the datais analyzed.
The current and future system also breaks
down syllables into ordered glyphs (C1,
V1, C2,V2,C3,V3, C4,V4) for the
glyph analysis and data mining we will

do next.

Byfilling a sriesof
cdlsina259X5X 25
three-dimenisonal
cube with countsof
how many timeseach
syllable occurred, we
dore anumber related
tothe Bayesan proba-
bility that acombina-
tion of glyphsexids
Thisisa fourth di-
menson in our data.

By adding an excep-
tion lig weallowlearn-
ing.

For each cdl or item
intheexception lig, a
combination of glyphs
(CLVv1C2 V2 C3
V3, C4, V4) isidenti-
fied andisafifth di-
menson of informa-
tioninour syllable
grammar, which we
will analyze next.

In the new system, if no common Tibetan
Initial Form (P1) isfound, then the excep-
tion list (E) will be consulted, if the sylla
bleisnot found in E, then thisdatais
passed back to the CLIPS programmer as a
list of non-matches with frequencies.

But the really interesting information about
the Tibetan syllables comes when the struc-
ture of the syllables can be dissected by
computer pattern matching. Simultane-
ously, we break down the tsyllablesinto
their component glyphs.

The expert system provides the knowledge
base during pattern matching. Further-
more, such a system can provide extremely
powerful data handling, such as making
global counts of key linguistic features of
Tibetan script. The data produced by the
expert system includes a 4-D mathematical
model of essentialy al of the syllablesina
110 MB text Corpus.

Our Results

What you can see from the previous graphs
isremarkable. But, by far, the most inter-
esting result comes from 5 separate 3-
Dimensional graphs, called vowel planes.
These vowel planes encode information
about the frequencies of each combination
of P1 X P2 for each major vowel (A, I, O,
E, U).

By using the complete 110 MB ACIP ver-
sion 4 data set, we were able to produce a
very accurate electronic grammar of Ti-
betan syllables. It isagrammar in that it
tells us, based on one 110 MB corpus,
whether a combination of glyphs could be a
syllable or not. In the texts we have used,
however, we may be missing a greater den-
sity of mantras, and other syllables which
have no lexical meaning, that might bein
Tantric sources not in the public ACIP
database. Christopher Fynn pointed out
that there may be a much richer soil for
Sankritized Tibetan in Tantric materials.
We hope to negotiate a contract on ACIP's
terms that would allow us to analyze the
Tanric materia next. If we can not negoti-
ate a contract on ACIPs terms, then we can
only ask for the initiations necessary based
on recognition of the need to do this ar-
chaeology of the Tibetan syllables.

13



ascii tibetan Echars freq JC1 V1 C2 V2JC3 V3 C4 V4
PAndl "\1? 5 2,920 P nd |
X X 1 1572

PAN 3 1,357 P n

X X 1 1,342)x

BANDE 5 670| B ND E
BADZRA Qg 6 595 B DZR

t'IK E’W 4 535t K
DHARMA BN 6 491] DH RM
SARBA Ng 5 444]S RB
MANdAL N2l 6 425\ M nd L
WARMA A 5 345| W RM
MANYDZU g 7 325\ M NYDZ U
THA g 4 320 TH'

RAKshI 7 6 309 R Ksh |
AA: &e 4 297} A:

AUTPA N 5 2948 A P
SENGGE N 6 293S NGG E
BUDDHA Vg' 6 287|B DDH
TZANDRA 3 7 288|Tz  NDR
t'IKA E"T 5 283t K
PRADZNY'A S%: 9 263l PR DZNY"
MAHA 542' 5 258 M H:
RATNA 5 257]R ™
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Figure 14 shows some of the most
common syllablesin the exception
list. An exception list alows the ex-
pert system to ssimply look up sylla-
bles that don't fit into our selection
of the set of P1, P2, and V forms.

It would be possible to expand the
259 P1s, 25 P2s, and 5 major Vsto
include all of the combinations
found, but it is only reasonable to
limit the time and memory used to
represent the Tibetan language. We
account for syllables that do not fit
our most common Pls, P2s, and Vs
by matching them against syllablesin
the exception list directly and imme-
diately.

Additionally, when we use an excep-
tion list to reduce the memory and
computational times required to
match Tibetan syllables, it then be-
comes our policy to relegate to the
exceptions list any correct Tibetan
syllable that does not fit into the 259
most common P1s, the 25 most com-
mon P2s, and the 5 major vowels (A,
E, I, O, U). Thismeansthat werele-
gate any syllable that contains the
minor vowels (Am, EE, Em, i, Im,
Om, OO, and Um) to the exception
list, because they do not occur fre-
quently enough for us to separately
map their P1 and P2 vowel planes.

Y ou will see this shortly in subse-
quent Figures. Similarly, P1sand
P2s that are rare or which do not
form many combinations are also
arbitrarily assigned to.the exception
list.

Although one could say that we are
motivated in part by speed and mem-
ory limitations, the use of an excep-
tionslist is actually a speed increas-
ing method if the number of times
each exception syllable occursis
fairly low. We expect that the use of
such a system would eventually re-
sult in the learning of many excep-
tions over time.




xnil xS xN XNG xR xD x'l xG xGS xM xL xMS xB xNGS x'O x' xBS  x'ANG

name  tibetan r Al & R A 5 & &l N & ar & x & £y [N AR
P q 1] 1,465,278 160,255 411 188 496,620 1532 622,714 75 394 23 50 7 48,349 106 4,348
D 5N 2] 791,058 67,319 115204 576546 32,530 29,180 69,686 166,176 4,404 38,785 2,766 30 432 184 2,307 21 9 1,910
B g 3] 628916 56,301 6,036 3,119 182,504 7,669 203,587 7,473 139 16,230 1475 160 1,875 55 22,100 64 970 1,413
N 4] 737,173 186,780 2974 16,636 11,715 5,311 2,632 3,815 1482 17,807 84 7,789 2,709 395 3,671 6 4 2,802
M & 5] 611,759 18375 33632 33,112 17,255 216,163 30,808 15,402 21 620 2,450 19,060 1,286 5 259
L ar 6] 572,686 209,596 37,414 21,814 1,240 338 2,789 37,201 41,075 53,887 42 324 8,742 3,004 66 4,640
Y W 7] 45575 12,068 368,769 194,876 1,672 133,781 97 3,416 106 2,975 36,969 99 2,061 33,426 36 24
S A 8] 232,320 2,203 3,983 16,847 15,501 1,380 5,737 695 113,372 28,183 6,585 107,662 99 34,720 317 10 284
BY S 9] 206,296 66,757 16,103 83,771 4,162 141,315 10,197 687 225 9 284 5,686 10 219 33,851 12 12 42
R 5 10] 111,787 10,297 12,234 141,661 863 732 4,625 35,406 46,993 17,852 29,406 2,364 58,721 2,084 90 1,902 64
G z:r‘ 11} 172,980 71,375 1,041 131,934 7,520 757 3,686 226 1826 2995 23586 4,220 392 1,053 315 3 136
KY g 12] 236,806 84,807 94 83,981 165 32 96 60 4 4 180 7 4 464 3 80
ZH Gl 13] 48,847 212,558 9,600 34,341 1,201 65 639 54,015 13,714 1,637 5997 9 1,306 8 305 4,856
CH & 14] 48,738 138,002 62,322 12,933 9,184 28,697 4,037 5,685 24,260 684 338 359 36,903 265 537 128 31
PHY g 151 29,069 4,439 25,020 2,423 231,687 3,960 1,344 15227 31,438 36 46 6 57 49
C 3 16] 39,856 31,024 107,633 34,697 4,140 58,215 7,396 50,786 5 92 181 4 8 72 124
'D QS‘ 17} 120,491 53,987 16,285 505 23,650 74,733 7,523 8,497 6,486 1,136 5,750 873 1,338 100 606 3,063 5,709 94
NY ? 18] 32,192 17,206 39,420 2,796 6,644 200,467 151 457 1124 2,380 16,375 42 31
TH g 19 46,810 18,041 8,622 3,680 12,326 1,969 99 39,727 14,763 1,141 57,222 57,903 35,946 128 17 13,537
T 5 20] 276,408 397 14,882 7,475 1,032 13 651 5,313 19 625 368 21 304 7 167
GY @ 21} 156,544 68,054 1,095 137 56,155 268 25 6 18 5 200 3 227 32
RN 5\ 22 2,894 69 940 11 54 15 392 26 118,437 6,718 111,232 10
TS & 23 42,455 2,433 8,621 7,457 9,187 31,527 910 23,401 45,467 5,689 50,759 442 773 4,666 101 382 79
SH q 24 15213 137,229 13461 28,736 7,564 1,457 1112 11,001 3428 602 1,902 38 48 165 143 99 42
RGY 5 25 68,073 47,370 18,091 1,215 3,704 22,446 3,874 365 558 31 36,986 898 150 463 16
LT ¥ 26] 73851 11,593 70 15550 98,282 144 850 488 90 5 24 3 184 16 67
GS TN' 27 3,200 645 2,403 14,554 8,954 2,523 37 1,259 69 67,060 34,163 272 50,488 4 4

The P1 X P2 Plane

Figures 16 through 20 show the combina-
tions of P1 X P2 and the number of times
they occurred in the 110 MB ACIP
database for each of the major vowels (A,
I, O, E, U in ACIP notation).

Oneway to look at thisP1 X P2 planeisto
examine atable of points near the axis.
These are where most of the activity is tak-
ing place in creating Tibetan syllables.
Notice the figure above, Figure 15, for a
look at the top-26 initial forms (P1) along
with the top-18 final forms (P2).

Figure 15 - Thisisa plot of the P1 X P2
plane collapsed across all of the vowels,
both major and minor vowels. Thistable
shows the upper right hand region (near
the axis) of thethe major verb planes
(planes A, 1, O, E, U) that we plot in Fig-
ures 16 through 20.
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The P1 X P2 Vowel
Planes

Figures 16 thru 20 show the combinations of
P1 X P2 and the number of times they oc-
curred in the 110 MB ACIP database for
each of the major vowels (A, 1, O, E, U in
ACIP notation).

Each of the plots of P1 X P2 shows the num-
ber of times the P1 and P2 combination oc-
curred for each of the major vowels (A,l, O,
E, U).

From scanning the vowels planes (V), we see
that there are clearly many combinationsin
each graph in figures 16 to 20 which do not
occur in the 110 MB database. The 259
most common initial forms (P1), the 5 major
vowels (V), and the 25 most common final
forms (P2) do not contain anywhere near the
number of possibilitiesthat could be formed
from the basic Tibetan glyphs. We can give
it just alittle thought to realize that there are
far more combinations that do not exist, than
those that do. Itisfar more likely that we
would reject any random combination of al-
lowable glyphs as a potential syllable, rather
than accept it. With such tight constraints on
what is possible in Tibetan, it is clear that
didingal-, 2-, 3-, or 4- glyph window along
recognized glyphs will reject far more com-
binations as syllables than it accepts. With
the addition of frequency of occurence infor-
mation, this dliding window technique can
provide a“betting man” with an excellent
indication of where syllable boundaries are
and where they can not occur. Thisisjust
one use of thisdatain Tibetan OCR. We
believe we can do the latter matching with
Fuzzy CLIPS.

Additionally, because the syllables are auto-
matically broken out into individual glyphs
and vowel indicators (C1, V1, C2, V2, C3,
V3, C4, V4), afrequency distribution of
glyphs can also be constructed from this data.
We plan to complete that in the next month
or two. Figure 8 way back on page 8 showed
how these are encoded in the expert system’s
259 X 5 X 25 matching and counting uni-
verse.

In general, Tibetan syllables are 1-4 glyphs
wide. They are formed by combining asin-

gleor dua glyphintial form (P1=C1, V1,
C2, V2) with either a one or two glyph fina
form (P2=C3, V3, C4, V4).

In generd, Ti-
betan syllablesare
1-4 glyphswide
They areformed
by combininga
sngleor dual
glyph intial form
(P1=C1,V1,C2
V2) with ather a
oneor two glyph
final form (P2 =
C3,V3,C4, V).

—
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ascii tibetan freq JP1 VvV P2]Cl Vi C2 V2 |JC3 V3 C4 V4
SAm S 203s  Am S Am

PAM & 236{P  Am P Am

LAm g 203]L  Am L Am

BAM g 115|B  Am B Am

TAM 5 15| T Am T Am

BHAM g 73lBH  Am BH Am

RAM < 72lR  Am R Am

WAM A alw  Am W Am

MAM & 43lm  Am M Am

NAM 5\ saln  Am N Am

RNAMS 35\1' 20RN  Am S|RN Am S
KAmM ”T 37k Am K  Am

HAmM 5 3H  Am H  Am

YAm &y 271y Am Y  Am

BSAM Sl 25{BS  Am B S Am
DAM 5 25D Am D Am

THAMS gy 2lTH Am s]TH  Am S
DZAm 3 23Dz Am DZ  Am

KHAM |'” 22lKH  Am KH  Am

AAM & 20a  Am A Am

22

Figure2l. Aswecan
see in the attached table,
there are vowels that oc-
cur fairly infrequently.

These vowels are:

00 2,500

Am 1,712

Om 1,686

Um 1,314

EE 1,021

i 349

Im 41

Em 39

Total 8,662

and they occur so infre-
quently that they are bet-
ter classed as exceptions.

By doing this, we reduce
the amount of memory
used by the expert sys-
tem and speed the sym-
bol matching process. In
essence, we are just leav-
ing them out of the vowel
planes because most of
their P1 X P2 combina-
tions have “nils’ or zeros
in their cells.

Thiswill allow usin our
next version of the ex-
pert system to provide
real probablities and
other knowledge to stan-
dard C language pro-
grams or many other
forms of CLIPSinter-
facesto Linux and MS
Windows based ma-
chines.

Hence, areasonable
speed system can be pro-
vided that can spell-
check syllables, identify
whether a presented
character pattenis a syl-
lable, and to perform the
logic needed to sweep
down aline of recog-
nized characters and ap-
ply 1, 2, 3, and 4 glyph
windows and determine
the most likely syllable
breaks.




ascii tibetan  freq P1 V Cl V1 C2 \2 C3 V3 [eZ} V4
A
BEE x 479 B EE B EE
A
MEE N 116 M EE M EE
A
KYEE ) o4l Ky EE KY EE
2,
TEE 9 gt EE T EE
A.
TZEE N 46| 7z EE Tz EE
.
NEE 3 45N EE N EE
A
BHEE & 32| BH EE BH EE
DZEE £ 32Dz EE DZ EE
A
KEE i 21] K EE K EE
o S
MKHYEEN N5 17 MKHY — EE M KHY  EE N
A.
DEE 5 g b EE D EE
2,
TREE I3} g TR EE TR EE
A
YEE l Ay EE Y EE
A
AEE & aA EE A EE
A v
YEES b = % EE % EE S
A'
PEE N 5P EE P EE
A v
BHEER X 4 BH EE BH EE R
A v
BEEN X8, € I EE B EE N
Av
REE < 3R EE R EE
A .
- 3 Je = 5 = The Rare \owels:
total 1021
Figure 22 Thisisthetally of all syllables Figures 21 thru 25 show therare vowels OO 2’500
with the vowel EE that were recognized (00, Am, Om, Um, EE, i, Im, and Em). Am 1,712
and decomposed into individual glyphs. These vowels occur so rarely that match- 0O 1.686
ing on these is better done in the excep- m ’
Thisfigure and the others immediately tion list. This saves the expert system Um 1.314
surrounding it show all the rare vowel syl- from creating 8 extra P1 X P2 vowel ’
lables that we plan to code as exceptions planes which would mostly be filled with EE 1,021
instead of having the expert system match nils or zeros. To do otherwise creates an | 349
on them. By removing these vowel planes, inefficient expert system model because it
and coding them as exceptions, we create a causes a tripling of the memory required Im 41
system that is simpler, that has the capac- for the system and creates a concomittant
ity to learn, and which will provideits Em—39

knowledge at a faster rate.

slow down in expert system speed.

Total 8,662




ascii tibetan  freq IPL V P2 Cl V1 C2 \V2 C3 V3 4 VA4
o
sems W 39s Em s s Em s
aai tbean  freq JPL Y = C1 Vi o 2 3 3 Va4
Q
Lim A L im L m
Q.
Kshm P 1dkh  m kh  Im
Ao
Sm N 1s m S im
Q
Bm o\ 1B im B m
N
RM < qr im R Im
Q v
oRm & qoR  m DR Im
¥
DZm 4oz im DZ Im
total 49
ascii freq Pl V P2 Cl V1 (6% 2 C3 V3 V4
am W 167d A Om A Oom
BoOm O G 50 Om B c Oom
S
om A= 4 om s Om
total 1684

The Rangjung Yeshe Dictionary

While we continue to parade lists of rare
vowels before your eyes, let’slook at adif-
ferent approach to knowledge about Tibetan
syllables — the lexicographical dimension.
Dictionaries seek to be fairly complete
wordlists and provide definitions to allow
non-natives to understand the meaning of
sequences of syllables. One would expect a
dicitonary to express the breadth or the
range of possible syllablesin Tibetan. Rare
words that might not find their way into 110
MB of Tibetan texts would certainly find
their way into agood Dictionary, as by all
accounts the Rangjung Y eshe Dictionary is.

Figure23. Morerare vowels.

One of our team members, Leonardo
Gribaudo, of Florence, Italy, provided a
frequency count of the syllablesin the
Rangjung Y eshe Dicitonary and, follow-
ing conversion from Wylie to ACIP nota-
tion, we applied the expert system to ana-
lyze the datain the same way that we
looked at the 110 MB of classic textsin
the ACIP database.

Testing the expert system on the
Rangjung Y eshe Dictionary tells us noth-
ing of the relative frequency of the sylla-
blesin natural Tibetan wrting, as does the
ACIP database, but it does test the scope
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The Rangjung Yeshe Dictionary (continued)

of our model of Tibetan script and ensures
that we are capturing the greater variety in-
herent in the Tibetan syllables in an effec-
tively larger body of work that 110 MB.
The fitness of our choices of P1, V, and P2
arein question and a good dictionary can
test our inclusiveness.

Figures 26 and 27 on pages 27-28: But
forgive me for nestling some of the prettier
pictures toward the end. In the previous
vowel plane graphs, we only showed the top
130 most common P1s plotted against the
25 most common P2s. We did that so you
could see some of the patterns in the top 130
most common P1s, where most of the action

ascii tibetan  freg P1 \% P2 Cl V1 (0% \2 \!
KOO ﬁ[ 1L12QK o K o
Q0 ﬁT 54 G 00 G 00
HOO :? 4010 SH- 00) H 00)
MOCD :5\5 M o D M o
AQCD :& 4 A 00 A 00
0O % 19S 00) S 00)
MO :g\] mm o M o
KQO fTP\ 4K o ' K o
KOOU ﬁ'@ 4K 00) ‘U K 00)
OOR AZR 4S 00 R S € 0)
MOOU :5{3 4M o ‘U M o
cloe) r% Ja € 0) a 00
2500

Figure24. Morerare vowels.

isoccurring. But here we decided to
show you the whole range of P1s. If
nothing else, to get you a bull’s eye view
of the patterns. Just so you can see that,
except for the big size differentia in the
two samples, the Rangjung Y eshe Dictio-
nary and 110 MB sample of ACIP textsa
reasonably similar pattern. Thelatter is
fairly remarkable given that adictionary
isafairly complete wordlist and that our
large sample of ACIP textsisnot. They
are surprisingly similar when seen with
the eyes of an eagle.

Of course, there are some differences.
The areas near the bottom left hand
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250 freq  |PL v = Y o) 2 3 3 A
HUM 9 1164 H Un H Un
am N e um G s Un
Hm 9 AH Un H Un
am X ds Un s Un
o
Bun X 4B Un B Un
yum X qv Un Y Un
BHUm 9 B4 um BH  Un
o
KUm g[ K Um K Um Figure25. Morerare vowelsfrom the
. ACI P version 4 text database.
am J 4G Un G Un
1314

corner of the Rangjung Y eshe distribution in
Figure 26 show some blank bandsin some
Initial Forms (P1s). Theseinclude, CV,
BDZ, BHY, RY, d,DZ', Ksh, d, and BCV,
amongst others. The Rangjung Y eshe had
only about a dozen rare vowel entries
(spread among Am, EE, and OO) and only
about 50 exception syllables. Overal, the
much larger ACIP database had more vari-
ability than the Rangjung Y eshe Dictionary
and included forms that weren’t found in the
Rangjung Y eshe Dicitionary. Giventhesize
of the ACIP database and the fact that a
greater proportion of ACIP syllables are
probably mantras, rare names, Sanskritized
forms, and other things which may not have
adtrictly lexical meaning, thisis not all that
surprising. Such forms would not readily
find their way into adictionary.

Itisalso ture that forms were found in the
Rangjung Y eshe Dictionary that were not in
the ACIP database. But again, thisisto be
expected in that not every available word or
syllable would likely be used in sample of
text no matter how large.

http://www.liv.ac.uk/~ms2928/wordsmith/index.htm
Support for WordSmith Toolsat author’s site.
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Guide to our code
and data

The sour ce code and data used to
do theanalysisarefound at: http://
www.ghg.net/dstilwell/newdata.zip
(~3-4 MB) or at:
ftp://storm.ptc.spbu.ru/pub/
human-languages/tibetan/tibocr/
newdata.zip.

We began our analysis of the ACIP version 4
data by pre-processing it with the UNIX tools
‘sed,” ‘diff,” avariety of custom shell scripts,
and a good text editor in X-Windows. Occa
sionally, it was necessary to use a spreadsheet
to help in writing the shell scripts. But by a
combination of the above tools oneis able
prepare the ACIP data for processing by the
WordSmith Tools (obtainable from Oxford
University Press — http://www1.oup.co.uk/
elt/catal ogu/multimed/4589846/4589846.html
) and Excel in the Microsoft Windows 98 en-
vironment. The need for pre-processing
doesn’t come from the change in UNIX to
MS Windows environments, but rather from
there-




liance on common ASCII punctuation sym-
bols by the ACIP notation in order to tran-
scribe the richer set of Tibetan glyphs. So,
for example, a comma might need to be sepa-
rated from other ASCII characters by a space
on both sides and then protected from being
ignored by WordSmith by being converted
into atag: zcommaz, or a period into zperi-
0dz, or the colon into zcolonz. WordSmith
also wants to treat upper-case and lower-case
|etters the same — if not in the input, then at
least in the output. So they too must be pro-
tected as zaz, zbz, zcz, etc. And numbers
such as 1 are protected as zonez and 2 as zt-
woz. Then English comments and other ex-
traneous notes must be removed. ACIP page
number notations were removed. Through
out all of the preprocessing, the UNIX diff
command was used along with atext editor
to view the changes made and to decide if the
intention was always carried out properly.
To do this safely required human scanning of
all of the results rather than sampling in some
of the more complex transformations
wreaked by ‘sed’ or “replace” in atext editor.

Following the pre-processing, WordSmith
Tools were used to count al of the tokens
(syllables and tagged data). These counts
were then imported directly into Excel. This
part was easy compared to the much more
time consuming and difficult task of trying to
prepare the raw ACIP data for processing.

Oncein Excel, the creation of format for in-
put of the datainto CLIPS isalso fairly
straight forward. The result isthe very long
table of “deffacts’” (or CLIPS input facts or
input data) in ACIPv4.clp, the source code
for the ACIP data analysis:

(deffacts acipdata "The 110 MB of ACIP
texts"”

(acip (ascii PA)(freq 1269992))
(acip (ascii PA'l )(freq 591208))
(acip (ascii DANG )(freq 572456))
(acip (ascii LA )(freq 543953))
(acip (ascii BA)(freq 509249))
(acip (ascii PAR )(freq 479586))
(acip (ascii DE )(freq 451630))
(acip (ascii MA)(freq 344099))
(acip (ascii N )(freq 341693))
(acip (ascii YIN)(freq 333446))
(acip (ascii NA)(freq 317321))
(acip (ascii DU )(freq 281775))
(acip (ascii KYI )(freq 234872))
(acip (ascii PHYIR ) (freq 231444))

and so on.

Finally, the CLIPS analysis program isrun.
The CLIPS program, ACIPv4.clp in new-
data.zip, breaks down each of the Tibetan
syllablesinto parts P1, V, and P2 by match-
ing. Why do we use the CLIPS expert sys-
tem shell to do thisanalysis? Simple. Ex-
pert systems or production systems work on
matching symbolic patterns and they do it
very well. To determine what patterns there
arein Tibetan and to count the number of
times that the patterns occur in Tibetan, a
tool that can make symbolic matches and
then operate on them, such as counting and
separating or sorting, isreally what you
need. We guess someone who knew alot
more about expert systems than we did could
have written such aprogram in PERL or C
or C++, but we can’t imagine being able to
do so. The ability to match symbols and
count them and to separate matches from
non-matches is precisely what you need to
discover what the actual combinations are.
Hence, as those who are accustomed to “data
mining” will readily know, our CLIPS analy-
sisprogram is avery good one.

We aso stored information about the break-
down of the syllables into base and vowel
glyphs so that we could useit later in
analysing the combinations on a glyph by
glyph basis. The analysisisdifferent. It will
use awindow of up to 4 base glyphs and one
(or occasionally 2) vowe stacks. We will
then use this method of analysing the sylla-
bles to achieve rapid lookups of the proba-
bilistic data as the window dlides along text.
We think we can use FuzzyCL IPS to move
across the syllablesin the whole ACIP ver-
sion 4 database when it is broken down into
base and vowel glyphs. We think we can
easily determine the separations between
syllables for each text and we will compare it
against the original. We will also determine
how often aternate syllable divisions present
themselves and how often they affect our
ability to make the divisions between sylla-
bles. We believethat it will be possible to
name arelatively small number of potential
syllable divisions and alternates for each
text. Thiscan highlight “problem” areas for
human inspection. But unfortunately, we'll
have to wait until later to prove that, but
those who know Tibetan well can imagine
the process themselves and slide along a se-
guence of glyphsin abook. How many
places could you have put the tseg's (the
dots between syllables)?
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Don Stilwell
http://www.ghg.net/dstilwell/
http://www.serve.com/dstilwell/index.html and index1.html

I'd like to dedicate any work that | have done to the Tibetan people, who have suffered far more than
| ever have. But I'd also especially like to dedicate it to my Tibetan teachers, Geshe Tenzin Wangyal
Rinpoche (http://www.ligmincha.org/ ), His Holiness Lungtok Tenpa'i Nyima Ripoche, Algjandro
Chaoul-Reich, and Geshe Chongtul Rinpoche (http://www.ccatech.com/bon/ ). Additionally to my
Grandparents, Charles and Mabel Hassel who were the kindest people | ever met and an example |
could never hopeto fully emulate. But who could forget to mention our debt to the ancient Tibetan
grammarians who would have loved to be able to do this kind of mathematical anaysis, but who did
not have the electronic computers and the vast Tibetan textbases that make it possible. And we
should not forget our debt to the monks of Sera Mey and other Gelug-pa M onasteries who spent so
many thousands of hours typing this datainto computers. And to the creators of the Rangjung Y eshe
Dictionary of the Tibetan Language ( http://home.earthlink.net/~rangjung/rypub/ry-dic.htm ) and to
all their teachers and all those they hold dear. May al attain happiness.

Of course, we can thank everyone best by making all of this data and code available under the GNU
General Public License so that everyone can have this information in usable formats, including all
programs, data, files, reports, etc. (see: http://www.gnu.org/copyleft/Igpl.html )

How to Sponsor a Tibetan Bon Monk:
http://www.yungdrung-bon.org/english/SPONSORSHIP.HTML

Y ou will find the complete data set and sour ce code for thework in this paper at:
http://www.ghg.net/dstilwell/newdata.zip (Approx 4 MB)

This paper isavailable, in itslatest form, at:
http://www.ghg.net/dstilwell/paper 2.PDF (Approx 1.5 M B)

You can seethe hopelessly outdated websites at:
http://www.serve.com/dstilwell/index1.html and index.html

You can seeour archive of Tibetan Calligraphy, information, etc., at:
ftp://storm.ptc.spbu.ru/pub/human-languages/tibetan/tibocr/

Learn about everything in Tibetan Computing at Chris Fynn’s site:
http://www.user s.dir con.co.uk/~cfynn/

See Rangjung Yeshe Dictionary site at:
http://home.ear thlink.net/~r angjung/rypub/ry-dic.htm

See Marvin Moser’s Tibetan For Windows and Pierre Robillard’s Tibetan on the Macintosh site at:
http://member s.aol.com/tib4win/ and
http://www.interlog.com/% 7Epierrer/

See Leonardo Gribaudo’'sBOD_X software at:
http://space.tin.it/scienza/vfassio/index.htm

Asian Classics I nput Project
http://www.asianclassics.or g/

Copyright, Nov1999, Don Stilwell & Tibetan OCR Team
We release our knowledge freely under the GNU GPL for
the benefit of all sentient beings. 30



