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The Haks Language Modeling System:
Examples from Buddhist Texts In
Sanskrit, Tibetan and Chinese

This study demonstrates a practical method for
extracting recurrent strings from digitized texts In
cases where grammar, vocabulary and other
iInformation about the texts are partly or entirely
unknown.



The Haks Language Modeling System:
Examples from Buddhist Texts in
Sanskrit, Tibetan and Chinese

Our method involves building concordances of
words and phrases from digitized input sets of
texts, using a simple but effective pattern-
recognition algorithm. The algorithm can be
generalized to work with information in any
language, but we restrict this study to just three
major languages of the Buddhist tradition:
Sanskrit, classical Tibetan and classical Chinese.



The Haks Language Modeling System:
Examples from Buddhist Texts in
Sanskrit, Tibetan and Chinese

We utilize free text files available in online
databases so that our examples can be verified
easily. We also provide source code examples of
our algorithm in C and Haskell, available on
GitHub: https://github.com/handyc



The Haks Language Modeling System:
Examples from Buddhist Texts In
Sanskrit, Tibetan and Chinese

Three languages of the Buddhist literary tradition
— Sanskrit, Tibetan and Chinese — lack word
boundary delimiters in their traditional
manuscripts. A human being familiar with these
languages can identify individual words in such
manuscripts, but the texts have no spaces
between words, such that we cannot locate words
without prior knowledge of the language.



The Haks Language Modeling System:
Examples from Buddhist Texts in
Sanskrit, Tibetan and Chinese

As a result of this problem, digital concordances

for Sanskrit, Tibetan and Chinese often require

some amount of manual part-of-speech tagging
before sending datasets to the computer.



The Haks Language Modeling System:
Examples from Buddhist Texts In
Sanskrit, Tibetan and Chinese

Our software runs through every possible string of ‘n’
syllables in every text of a text corpus, where ‘n’ is any
number desired by the user. We refer to strings of
connected syllables as n-grams, named by their specific
'n’ size as 1-gram, 2-gram, 3-gram, etc.



The Haks Language Modeling System:
Examples from Buddhist Texts In
Sanskrit, Tibetan and Chinese

The program counts each n-gram in a given text, and
creates a concordance file for that text. These
concordance files are then combined to form a

concordance file for the entire corpus.



The Haks Language Modeling System:
Examples from Buddhist Texts In
Sanskrit, Tibetan and Chinese

For example, searching on ‘n’=4 among a sample set of major
Sanskrit Mahayana texts, we found the sequence bo-dhi-sa-ttva
appearing frequently in many different texts. If this sequence
appears more frequently in Mahayana texts than in mainstream
texts, it could be used as an identifier for the Mahayana genre.



Sanskrit Mahayana and Milasarvastivada Vinaya frequent n-grams

Mahayana 4-gram
bodhisattva (3343)
tathagata (2096)
kulaputra (1346)
Satasaha (1298)
bodhisattva (1289)

samyaksambo (901)

bodhisattvo (874)
athakhalu (860)
lokadhatu (812)
sahasrani (746)

mahamate (740)

buddhaksetra (647)

tasahasra (637)
dhisattvasya (616)
tadavoca (610)
sarvasattva (599)
sattvomaha (578)
tathagata (571)

Mahayana 8-gram
nuttarayamsamyaksambo (451)
ttarayamsamyaksambodhau (436)
nuttaramsamyaksambodhi (320)
samyaksambodhimabhisam (303)
ttaramsamyaksambodhima (302)
ramsamyaksambodhimabhi (297)
thagatorhansamyaksambu (266)
ksetraparamanurajah (262)
ddhaksetraparamanura (260)
traparamanurajahsa (259)
buddhaksetraparamanu (250)

gavantametadavoca (241)
bhagavantametadavo (236)

tinayutasSatasaha (224)
kotinayutasatasa (224)
paramanurajahsama (205)
myaksambodhimabhisambu (205)
tiniyutasatasaha (196)

MSV 4-gram
kathayati (1367)
bhagavana (550)
gavanaha (520)
sakathaya (499)
samayena (458)
kathayanti (405)
samlaksaya (372)
damavoca (372)
laksayati (356)
bhagavata (346)
midamavo (332)
ghavasesa (311)
grhapati (303)

praticchanna (298)

tisakatha (292)
tadabhava (288)
rvavadyava (280)

samghavase (278)*

MSV 8-gram
bhagavataarocaya (166)
vasesamapattimapa (166)
ghavasesamapattima (166)
gavataarocayanti (166)
nakalenatenasama (164)
kalenatenasamaye (164)
lenatenasamayena (163)
vobhagavataaroca (159)
ksavobhagavataaro (159)
tatprakaranambhiksavo (153)

tprakaranambhiksavobha (152)

ranambhiksavobhagava (152)
karanambhiksavobhaga (152)

bhiksavobhagavataa (152)
nambhiksavobhagavata (151)
gavantamidamavoca (150)
arocayantibhagava (135)

tenakalenatenasa (135)



Tibetan 'dul ba (=vinaya, “monastic law”) texts from the Derge Kanjur (Buddhist canon)

‘dul ba text 2-gram 4-gram

kl00001el.txt DGE_SLONG (2671) SO_SOR_THAR_PA'l (672)
kIO0001le2.txt PA DANG (1827) BCOM_LDAN 'DAS_KYIS (578)
kl0OOle3inc.txt DGE_SLONG (2031) BCOM_LDAN 'DAS_KYIS (523)
kio0OOledinc.txt PA_DANG (1713) BCOM_LDAN 'DAS_KYIS (407)
kl00002e1l.txt DGE_SLONG (346) TSE_DANG_LDAN_PA (101)
kI0O0003el.txt DGE_SLONG (2089) TSE_DANG_LDAN_PA (647)
kl00003e2inc.txt DGE_SLONG (2636) TSE_DANG_LDAN_PA (749)
kI0O0003e3.txt DGE_SLONG (2550) BCOM_LDAN_'DAS_KYIS (879)
kIO0003e4.txt PA DANG (1679) BCOM_LDAN 'DAS_KYIS (591)

kl00004e. txt DGE_SLONG (465) DGE_SLONG_MA_GANG (211)



Tibetan 'dul ba (=vinaya, “monastic law”) texts from the Derge Kanjur (Buddhist canon)

'dul ba text

KL00001-
001(eTB).txt

KL00001-
002(eTB).txt

KL00001-
003(eTB).txt

KL00001-
004(eTB).txt

KLO0002-
001(eTB).txt

KLOO003-
001(eTB).txt

KL00003-
002(eTB).txt

KL00003-
003(eTB).txt

KLOO003-
004(eTB).txt

KL00004(eTB).txt

2-gram

AR (2622)
'RC (1796)
RARE (1993)
J'RC (1686)

=" (342)

1
=V
9-24

<

' (2042)

N
)
A2

{

T’ (2595)

N
4/
20

)
A

SATYR (2500)

'RE" (1656)

AR (457)

4-gram
N=g=yq (667)

QI LH AR TN (568)
REHNLFARN T (515)
QINFFARN T (404)
FREEE (100)
EREEEY (622)
ERLIS (733)
R3&YFARN TN (858)
RE& I AR TN (581)

gﬁ]'g':'&'ﬂi:' (211)



Tibetan mdo mang (=sdtra) texts from the Derge Kanjur (Buddhist canon)

mdo mang
text
kl0O0094e.txt
klIOO095e.txt
klIOO096e.txt
klIOO097e.txt
kl00098e.txt
kl00108e.txt

kIO0353.txt

kIOO357.txt

4-gram

BYANG_CHUB_SEMS_DPA'
(111)

BYANG CHUB_SEMS_DPA'
(608)

BYANG_CHUB_SEMS_DPA'
(59)

BYANG _CHUB_SEMS_DPA'
(63)
BYANG_CHUB_SEMS_DPA'
(29)

BYANG CHUB_SEMS_DPA'
(187)

BYANG_CHUB_SEMS_DPA'
(353)

BYANG_CHUB_SEMS_DPA'
(27)

8-gram

BYANG_CHUB_SEMS DPA' MCHOG_TU_DGA'

_BA'l (25)

SLONG_DAG_DE_LTAR BYANG_CHUB_SEMS

_DPA' (36)

BYANG CHUB_SEMS DPA'l_ RAB_TU 'BYUNG

_BA(25)

PA_JI_LTAR_NA BYANG CHUB_SEMS_DPA'
(30)

BYANG_CHUB_SEMS DPA' SEMS_DPA' CHE
N_PO (11)
BYANG_CHUB_SEMS DPA' SEMS_DPA' CHE
N_PO (88)
BYANG_CHUB_SEMS DPA' SEMS_DPA' CHE
N_PO (22)

BYANG_CHUB_SEMS DPA' SEMS DPA' CHE
N_PO (8)



Tibetan mdo mang (=sdatra) texts from the Derge Kanjur (Buddhist canon)

mdo mang text

KL00094(eTB).txt

KLO0095(eTB).txt

KL0O0096(eTB).txt

KL00097(eTB).txt

KL0O0098(eTB).txt

KL00108(eTB).txt

KL00353(eTB).txt

KL00357(eTB).txt

4-gram

JRETRE (977)*
BT NSINFAY (591)
L EI NG R (55)
L EI NG T (60)
L BT NS T (29)
L EI NG T (108)
BT NSNFNY (232)

L ETNANFHY (26)

8-gram
P ETHE NN AT RN (679)*
JERA R G IR ET NS TN (36)
v v\ v Qv v v v v
R ET VAN RNART R AL (24)
v“vm v v v V\ v v
NEEREFIRETNNN A (29)
v =) v ) v .
IR BT NS RN RABH A (11)
v ) v ) v =
QR SR NS RUA AN RHABE T (87)
v S - v e
&N RSN IJI AT (9)*

I ET NN RNA NN EF Y (8)



Text
T01

T02

T03

T04

(21400)
(21078)
(20109)
(16553)

(21383)
(18528)
(16702)
(16470)

(16212)
(15204)
(14458)
(14028)

(16280)
(11786)
(11086)
(10931)

2-gram

b
ipss
=
Vi

b
ips
=
T IRy

T
ips
3 IRy
—1J]

Al
TE T
LI
TR Iy

(7863)
(7848)
(4876)
(3014)

(11395)
(7862)
(7260)
(6083)

(5812)
(5750)
(4446)
(3834)

(3117)
(2268)
(2248)
(2141)

4-gram

F LA 1
PP
b
A 1t 2

R P {1 2
PITR K
[&] 6 FIT 5
f# FITait K

=
—H=%
% 3
e e

FEER E
3 Rp &
BIERAS &
IR0 &

(879)
(799)
(557)
(544)

(2592)
(1803)
(1756)
(1699)

(1094)
(1094)
(1093)
(1093)

(1052)
(520)
(347)
(300)

8-gram

7 2 2
B T SR A
SRR U i
SRR — B

oy [ AR A AT S )
21T (B AR ASY 4 A A
[l b PR K 2 28 4T
an e P e — g i AE

Be] 4% 22 2 — %5 — 3%
W82 2 — 5 — It
UL 3 22 2 — 55 —

ZHE =5 =0

2 T [ AR AT 4 I
fefy [ AR AT A IS
7 5 1687 B AR A5 6 A1
{1 5 1 B AR A

Chinese texts from the Taisho canon (Chinese Buddhist canon)

(246)
(242)
(216)
(199)

(1505)
(1505)
(1380)
(1275)

(1092)
(1092)
(349)
(241)

(138)
(137)
(137)
(134)



Text
T08

T09

T10

T11

Chinese texts from the Taisho canon (Chinese Buddhist canon)

1-gram

Pl B

(30632)
(29114)
(28812)
(27650)

(19709)
(18855)
(16633)
(15684)

(30535)
(29172)
(21625)
(20996)

(25990)
(21719)
(21493)
(19870)

2-gram

e
A 2
i
e

— ]
i
A
a2k

—1J]
i
e
s

G
s
—1J]
un A

(16532)
(16492)
(16387)
(12207)

(14366)
(9990)
(8800)
(4534)

(21590)
(17716)
(11979)
(6543)

(10722)
(7850)
(7281)
(6397)

4-gram

resslEl:
A
2 i R ]
e P e

— YR A
i PE
Wi P

4—1%

— YR
i ]
e P
—VlsE

Wi P i
e ]
SCHRETA]
—UIRA

(11852)
(11851)
(6444)
(6439)

(2769)
(2089)
(2088)
(1187)

(3496)
(2369)
(2368)
(1211)

(2303)
(2303)
(1033)
(802)

8-gram

Be] 3% 2 28 — 5 — &
W22 4 — 31 —F R
JRE e e JEE ]
Bry 4% 2 £ — HE =%

By 4% 22 4 — %0 =%
W2 2 — 5 — 4
T A i B
1172 4 5 e BE

BA] R 2 4 =35 =&
T2 A — 50 =
PHE R A AR O
[ I Y e AW

Bu] ¥ 22 2 — %5 — 3%
W2 EE— 5 —F
<2t M35 e JEE ]
5B H5 2 2 =55 —

(2176)
(2170)
(878)
(878)

(544)
(544)
(267)
(267)

(495)
(495)
(316)
(316)

(770)
(770)
(331)
(154)



Text
T12

T13

T14

T15

1-gram

=
AN
un
I

g JansE

EHER

£ fm 8 A

(31334)
(28306)
(27667)

. (27300)

(23427)
(22261)
(21834)
(19803)

(58875)
(44990)
(37115)
(19559)

(21311)
(21014)
(19035)
(15385)

Chinese texts from the Taisho canon (Chinese Buddhist canon)

2-gram

5 e
e
arzR
LGS

5
—1]
paE
a2

7 f
e
an 2R
S

5
—7]
a2
LS

(10028)
(9206)
(7684)
(7624)

(9957)
(9957)
(7919)
(7743)

(36603)
(28455)
(9873)
(7861)

(7368)
(5846)
(4631)
(3574)

4-gram

T BE A
e JEE A e
JINER P
— YR

5 i P ]
e P ] g
— U4
SR 3 22 A

TN 2R e A
Tk r 4
fifh B R A
25 e re M

SCHRETA]
ANET 5
e B ]
[

(1900)
(1896)
(1640)
(1385)

(1686)
(1680)
(1109)
(905)

(4964)
(2403)
(2148)
(1460)

(1282)
(1125)
(645)
(644)

8-gram

BT A5 22 2 — %5 — 3%
EEL I R i
15 B ¥ 22 2 =55 =
e O 1 B T

Sr] 45 22 2 — 25—
W5 2 4 =35 =54
£k T
SEBTHE 2 2 =55 =

By 3% 2 28 — 5 — &
W2 2 — 5 —
e T S

BELE- PV VAN CFE!

Bu 7% 2 4 — 35 — %
W2 5 — 5 —
BJ 3 e JEE G i 1R
S PR AR AT

(1052)
(1050)
(369)
(334)

(898)
(898)
(263)
(248)

(607)
(607)
(332)
(242)

(359)
(359)
(171)
(171)



Text
T21

122

123

T24

1-gram

A& |

i = 1 &5

ATt > FLE A A

(15785)
(15538)
(11616)
(11430)

(38638)
(37624)
(33402)
(25496)

(30543)
(28299)
(23647)
(22827)

(27289)
(23089)
(18720)
(16271)

2-gram

—_&
ripss
S

bt
#5 Lk
e
2

bt
04
P
e

053
Al
LR
Nz

(7689)
(5164)
(4365)
(3513)

(37618)
(9580)
(8891)
(8760)

(22825)
(8356)
(6004)
(4509)

(8486)
(6489)
(5131)
(4908)

4-gram

20— A
e 4 B

e — 4 5

7 b S

e
A=A
H b=
A HE

FHLAEL K] 25
s ™
s )b
A S

ARt &
51k =
RFoE 0 5
I 1R JES 1

(1151)
(784)
(767)
(684)

(1663)
(1570)
(1517)
(1456)

(1156)
(1054)
(1054)
(1011)

(695)
(611)
(601)
(551)

8-gram

2 Bl L i
TAASERLE A H H
FE b - SRS
7 b it i 4 B A

R H U K
T4 2 U AT Z AR
e B U At A
e U2 A A B

MU 2 M A 1R 40
B2 N2 R 1R
S JEUNAE R AT 1R 4%
il L2 B U A

PR IR AR 5
055 LA E i S
VB R I 18
R E 3 e

Chinese texts from the Taisho canon (Chinese Buddhist canon)

(456)
(228)
(228)
(228)

(509)
(482)
(449)
(442)

(409)

® (372)

(368)
(363)

(279)
(206)
(191)
(182)



