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Google Search

Who was the father of Arjuna
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Arjuna was the son of Kunti, the wife of Kuru King Pandu
and the god Indra, who fathered him due to Pandu's curse.

o Wikbeda

Arjuna - Wikipedia

People also ask
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Who was father of Kama?
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ChatGPT

Query: Sanskrit Response: ~Hindi

. You

S fyar = Who was Arjuna’s father?
ChatGPT
Srf T T AW ST UOg ATl = Arjuna's father's name was King Pandii

. You

e firar aref: = Whose father was Arjuna?
ChatGPT
3 fiaT & wU H e urg 3 = Arjuna's father was Pandu

. You

3f: e far = Arjuna was whose father?

@ chatePT
e 3 v e e T g e = Arjuna’s father was Pandu

Sanskrit Knowledge-based Systems
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Acceptable answer. (9
So, okay!? (&)

Same question.
Alternate formulation!

Incorrect!
No ‘understanding.
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Information and Knowledge

Information Retrieval (IR) Question Answering (QA)
- Search text - ‘Understand’, ‘search’, formulate
- Ranked list of documents - Relevant phrases, sentences
- Indexes, Language models, ... - IR++, Knowledge-bases, LLMs, ...
- Google, DuckDuck@Go, ... - ChatGPT, Google Bard, ...

“We are drowning in information but starved for knowledge.”

- John Naisbitt, Megatrends
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Knowledge-based Systems

Knowledge-bases (KB) ‘

Structured storage of real-world information

- Use KBs to solve high-level problems: QA, Inference Engines, ...
- Inadequate performance for Indian languages
- Sanskrit

- Vast and varied literature
- Morphologically and semantically rich
- Low-resource language (computational datasets)

- Why not just use translations?

- Limited availability

- Fail to convey the exact meaning

- Questionable accuracy, misinterpretations
- Performance of state-of-the-art tools
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Limitation of Translations: Anecdotal Evidence

Entities detected by spaCy v3.4.4

Ugrasrava/ORG, the son of Lomaharshana/GPE, surnamed
Sauti/PERSON, well-versed in the Puranas/PERSON, bend-
ing with humility, approached the great sages
of rigid vows, sitting at their ease, who had attended the

sacrifice of Saunaka/GPE, surnamed Ku-
lapati/GPE, in the forest of Naimisha/GPE.

- Mahabharata
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Contributions
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0
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« Sanskrit meter identification
« Feasblity and utilization

Digital
Chandojrianam Corpus
WsC 23

Correction

QA Framework

ISCLS "19

Annotation
Tools

« Linguistic Rules — Triplet Extraction
« Construction of Knowledge Graphs
+ Need for Human Annotation

* KG on Ayurveda Text
« Medicinal Encyclopedia

Ayurjiianam
WSsC '23

< ey
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Antarlekhaka

NLPOSS@EMNLP '23

« "All-in-one" Solution
« Sequential Annotation
« Categories of NLP Tasks

S
ESEC/FSE '21

« Ontology-driven

* Semantic Annotation
« Querying Options

« Graphical Results
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Sanskrit Question-Answering

Automatic Construction of Knowledge Graphs



Question-Answering using Knowledge Graphs

Knowledge Graphs (KGs)

- Knowledge-bases with a graph data structure
- Real-world entities as nodes

- Relationships among the entities as directed edges
Triplets (subject, predicate, object)

- Common way of encoding the relationship information
- Represents a directed edge
- e.g. (Arjuna, has-son, Abhimanyu)

e i

Problem
Automatic extraction of triplets for construction of KGs
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- Domain-specific, Application-specific (e.g, Kinship relations)
- Relationship words often corpus independent

- f0g (pitr, father), A1q (matr, mother), 9 (putra, son), etc.
- Multiple synonyms to the relationship words

- g3l (putri, daughter): gfeq (duhitr), @41 (tanaya), . . .
- Implied Relationships

- Inverses - Compositions

kgl Hid Hiq
AR
i HIdd

- Recursions
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Framework

Relation Enhance
Triplets Triplets Knowledge

Graph

Offline

Ay || sememsseeseesessmsssemaseasseosasonesoseasasomasasszesazse: ||| semsomeossemonzzees

Query Enhance Query
Triplets Triplets Patterns Answer

Online

Figure 1: Overall framework of the Sanskrit QA system
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Example - Building Knowledge Graph

- Line from Mahabharata

foRTeR gfeaeart AT HH=IeuaH | (MBh 1.63.82a)

- Sandhi-samasa splitting

- Morphological analysis

fawe {g. sg. m}, g { }, e { }
- Relationship Triplet

(R, ", TR

- Inverse relationship 730
i — [, ] @ g @
- Enhanced Triplet
(SR, "faq, fawre’)

Hrishikesh Rajesh Terdalkar
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Example - Querying

- Lines from two different chapters

Rt e 99d| (MBh 1.63.8¢)
ATHSRIT: el gRraaisy: Teed 41 (MBh 1.79.21b)

Figure 2: Knowledge graph enhanced with inverse relationships
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Example - Querying

Q1: R: YTl & Q2: HIHATT: Y: &l

(Who was the brother of Puru?) (Who was the mother-in-law of Kausalya?)
Triplet: (‘Q&, '91q, ') Triplet: (e, "9, Trm)
Can &
Composition rules: Composition rules:

g — (A, o), (g, 9, . gy — [(ufd, A7), (ueit, A7)

Hrishikesh Rajesh Terdalkar Sanskrit Knowledge-based Systems 12/ 48 Q
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P rmance

Text Task Total Found Correct Precision Recall F1
QParse 35 33 27 0.82 0.77 0.79
Ramayana QCond 27 19 09 0.47 0.33 0.39
QALL 35 20 10 0.50 0.29 0.37
QParse 45 45 41 0.91 0.91 0.91
Mahabharata QCond 41 36 22 0.61 0.54 0.57
QAll 45 40 23 0.58 0.51 0.54
QParse 80 78 68 0.87 0.85 0.86
Combined QCond 60 55 31 0.56 0.46 0.50
QAL 80 60 33 0.55 0.41 0.47

Table 1: Performance of the question-answering tasks on 80 questions
collected from 12 users. QParse: query parsing task, QCond: conditional QA
task (modulo QParse), QALl: overall question answering task.

Sanskrit Knowledge-based Systems 13/ 48 Q
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Errors in Knowledge Graph and Question-Answering

- Errors in parsing the question
- TS &: T — (foRm, ford, Tvame)
- Due to unhandled pattern
- Easy to resolve, if found
- Difficult to be exhaustive
- Errors in answering
+ BgAC: Tud & — (834, fuq, fom)
- Answer triplet (ATefd, fag, Taq) exists
- WTEMd is another name of &Ad
- Use of dictionaries, thesauri ‘can’ help
- Abundant homonyms
- Corpus-dependent
- Errors in triplet identification

- Both false-positives and false-negatives
- No evaluation dataset

Hrishikesh Rajesh Terdalkar
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Errors in Corpus and Tools

« Errors in the text

- [afs =] T T UHEeRINGRT

- g @1 — Tfegat

- Error detection and correction of corpora
- Errors in state-of-the-art tools

- Morphological analysis

- Afeet — At {ace. du. n.}

- Expected: Aft {nom. sg. f}
- Oversplitting sandhi and samasa

- FRAT — HT @l

- Compounding of errors

- FRAN — H W — R {nom. sg. f}, M {acc. du. m.}
- Expected: &rdl {nom. sg. f.}
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Issues in Automatic Knowledge Graph Construction

- Multiple components

- World knowledge

- Linguistic tasks

- Computational tools
- Every component of the task has its own error rate
- Lack of evaluation datasets

- Task-specific evaluation

- No one-size-fits-all solution

Manual annotation is necessary for performant solutions.
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Annotation Tools




Expectation

Why create new annotation tools?

- User-friendly interfaces

- Distributed annotation

- Web-based deployment

- Ease of setup

- Access management

- Scalability

- Crash tolerance

- Task specific annotation needs

Hrishikesh Rajesh Terdalkar Sanskrit Knowledge-based Systems 17 | 48
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Sangrahaka - Annotation and Querying

- Ontology-driven annotation of entities and relationships
- Querying of KG using natural language query templates

! Construct

Admin " “Graph |
< o -/;;;1 """ Neo4j
Upload Create Query H DG(rat;))h
Corpus Ontology ! Templates atabase
el S K

Annotator
Annotate
Table

 —

—
Querier —
Cypher Explore -

User Input Query Answers / \

Q‘;j

Graph

Figure 3: Architecture and Workflow of Sangrahaka
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Sangrahaka - Features and Capabilities

Annotation

- Mark Nodes

- Mark Relations

- Adaptive Suggestions
- Multiple Annotators
+ Multiple Curators

Querying

- Template System
- Interactive Query
- Cypher Query

-+ Results Explorer

- Graph
- Table

Administration

+ Access Management
- Corpus Upload

- Ontology Creation

- Annotation Download

Configuration
- Single File Configuration
< SQL, SMTP, ...

-+ Query Templates

Customization
- Structured Code
- Modular

- Examples

Other
-+ Unicode Support
- Web Deployment

- Fault Tolerance

Rajesh Terdalkar

Sanskrit Knowledge-based Systems
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Bhavaprakasha Nighantu - erarf

Line

o 2633

word

Gender

case

Number

T

Figure 4: Interfaces: Corpus Viewer, Entity Annotator, Relation Annotator,

Prepare

Line 256343
Entity ‘

Type

Entities
=
o =

Query Interface, Graphical Result, Tabular Result
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owledge Graph

Ayurjianam - https://sanskrit.iitk.ac.in/ayurveda/

Corpus

- 2087 verses, 23 chapters’

- Medicinal glossary
Ontology?

- 350+ entity types

- 430+ relationship types
Knowledge Graph

- 2400+ entities

- 5000+ relationships

"We have annotated four chapters so far.

ZWe regularly update the ontology as and when required.
Sanskrit Knowledge-based Systems

Hrishikesh Rajesh Terdalkar

Annotation Paradigm

- Capture semantic information

- Capture unnamed entities

ﬁ:a
4 ”H

Is uscnmssn BY

I INCREASED/BY |
\/};)ECREASED BY \ \A IS_VARIANT OF

= IS_DECREASED g IS_VARIANT_OF

YIS SYNgHM OF
IS _PROGERTY|OF =
HEriyE

Lemma: e
Type: suBSTANCE

Line: 256346256351
IankR’rvﬁ'J TS-STHELAR_TO Annotator: 4

15_LOOKION_OF "

ey \ gE

e
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Semantic Information

Concept Words or Phrases

increases bala balya, balada, balavaha, balaprada, balakara, balakrt

increase vata vatala, vatakrt, vatakara, vatajanaka, vatajanani,
vatatikopana, vataprakopana, vatakopana, . ..

decreases pitta pittaghna, pittapranasana, pittaprasamana, pittahara, pit-

taghni, pittapaha, pittajit, pittahrt, pittavinasini, . ..
decreases vata and pitta vatapittaghna, pittavataghna, pittavatavibandhakrt, va-
tapittahara, vatapittahrt

Table 2: Semantic variations in Sanskrit — Examples from Dhanyavarga.

- Multiple ways of representing a single concept
- Samasa for multiple increment or decrements at the same time
- Context-sensitive semantics (e.g. -ghna)

Sanskrit Knowledge-based Systems 22 | 48 Q
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Unnamed Entities

mudgo bahuvidhah Syamo haritah pitakastatha.
sveto raktasca tesantu parvah pirvo laghuh smrtah. ||39]]

- Entities referenced by their properties only, and not named at all
- Five colored variants of mudga, but not named explicitly

- Create unnamed entities (denoted by X-prefixed nodes)

- Unique identifier, e.g.,, X1-256358, X2-256358, . ..

- Relations to describe the properties, e.g,
dyama F is (varna) Property of — X1-256358
harita I is (varna) Property of — X2-256358

- Word tesam in second line refers to the five variants

- Relations between unnamed entities
X1-256358 |- is Better (in property laghu) than — Xx2-256358

- Anonymous nodes treated like any other node

Hrishikesh Rajesh Terdalkar Sanskrit Knowledge-based Systems 23 / 48 Q
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Synonyms — Problem

- Relation ‘is Synonym of is symmetric and transitive
- Ais a synonym of B < B is a synonym of A
- Ais a synonym of B, B is a synonym of C < A is a synonym of C

- Several synonyms of each substance
e.g. rajika < ksava <+ ksutabhijanaka <+ krsnika «+
krsnasarsapa <« raji <+ ksujjanika <+ asuri < tiksnagandha <
cinaka

- Annotation: usna I is Property of — rajika
- Query: Find all properties of cinaka.
- Problem:

- Relations might be connected to each other only in a chain
- Potentially 10 edge traversal required!

Hrishikesh Rajesh Terdalkar Sanskrit Knowledge-based Systems 24 [ 48 Q
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Synonyms - Solution

- Identify connected components over ‘is Synonym of’
- Choose a canonical node (e.g. one with the highest out-degree)

- Transfer all other edges from the group to the canonical node

- Every node connected to canonical node.
- Thus, at most 1 extra edge traversal required.

- Initial computation cost for efficient querying.

Hrishikesh Rajesh Terdalkar Sanskrit Knowledge-based Systems 25/ 48 Q
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Example - Before Optimization

Average Path Length: 1.63

1S_PROPERTY OF

()
N A
2 L
1S _PROPERTY OF _
IS _SYNONYM OF / &
IS_SYNONYM_OF TS _PROPERTY OF @
IS PROPERTY OF |
\ 15 _PROPERTY OF
- PROPERTY |
I5_SYNONYH-OF TS~SYNONYM_OF
O‘(-S:PROPE—R—T—YTOF - - oy
X1-256393 e i
N\
/ 1S | PRMBRPRGPERW OF IS_PROPERTY_OF
IS _PROPERTY OF IS PRUP)ERTY OF
10}
\.,_,’
i Eicid
@ aﬂa?ﬁl m ©
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Example - After Optimization

Average Path Length: 1.44

IS SYNOYIY. OF "PE(EEE
DUV uPERTY 0B
IS_SYNONYM_OF FROPERTY or
T 15 Synonym o s PR/OPERTY OF
¢ j)-q—I-S:P—RQP—ER-T—Y70F 15-PROPERTY-0F—p{ \)
for 15 PROPERTY 05/ w IS PROPERTY OF e
‘\‘/IS PROPERTY 9!F 1 PROFE\RTYOF\&
~ IS PROFEFROFTIRTY_ OF
Eicen|
@
kG T@E
a%;a

<
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AntarlekRhaka — Multi-task Annotation

- Sequential annotation for text units (e.g, a verse)
- Multiple categories of NLP tasks

Heuristics for aiding annotators

Upload Setup
Corpus Tasks

Administrator

Annotation _

Annotator

Visualize

Sanskrit Knowledge-based Systems 28/ 48 Q
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Punctuation and Word Order

“If no mistake you have made, losing you are.
A different game you should play.”

[ na rocate mamapyetadarye ] [ yadraghavo vanam / [ arye etad mama api na rocate ]

tyaktva rajyasriyam gacchet ] [ striya vakyavasam gatah // 2 [ yad raghavo rajyasriyam tyaktva vanam gacchet ]
[ nasyaparadham pasyami] [ napi dosam tathavidham ]/ [...]

[ yena nirvasyate rastradvanavasaya raghavah 1// 4 [Laol]

Figure 5: Sanskrit verses from Valmiki Ramayana. Original text appears on
the left with sentence boundary markers added. The canonical word order
is shown on the right.

Sanskrit Knowledge-based Systems 29/ 48 Q
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AntarleRhaka - Scope

Sentence Boundary Detection

Canonical Word Ordering

Token Annotation
- Lemmatization
- Morphological analysis

- Word segmentation

Token Classification

- Named Entity
Recognition

- Part-of-speech Tagging

- Compound Classification

Token Graph
- Dependency Parsing
- Constituency Parsing

- Action Graph

Token Connection
- Co-reference Resolution

- Interaction Networks

Sentence Classification
- Sentiment Detection

- Sarcasm Detection

Sentence Graph
- Discourse Graph

- Timeline Annotation

Sanskrit Knowledge-based Systems
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Feature Comparison

INCePTION GATE BRAT FLAT doccano Sangrahaka Antarlekhaka

Distributed Annotation v v v v v v v
Easy Installation v v v v v
Sequential Annotation v v
Querying Interface v

Token Text Annotation v v v v v
Token Classification v v v v v v
Token Graph v v v v v v
Sentence Boundary v v
Canonical Word Order v
Sentence Classification v v
Sentence Graph v

Table 3: Comparison of NLP annotation tools based on primary features and
supported tasks

<
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Antarlekhaka Annotation Interface

Home Corpus  Export  Settings  Admin  Logout (Admin)
iR - Ayodhya 18 ) - emma  NER  Act Coreference  SentClass  Discourse
Verse Text E?
° e Rt i T R, ; —
S SO £, A T A -
® 248 A T G AT T et a - 2489
T AU T O AT
Word a bl L] =
Lemma 7 & EY
upos PART VERB PROI
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Subjective Evaluation Objective Evaluation
- Survey among annotators -+ 29 Criteria
- Sangrahaka: 4.5/5 - Technical
- Antarlekhaka: 4.1/5 + Functional

- Data-related
Performance
- AntarleRhaka: 0.79
- Sangrahaka: 0.74
+ INCePTION: 0.74
- FLAT: 0.71
- BRAT: 0.64

Figure 6: Wordcloud of testimonials

Hrishikesh Rajesh Terdalkar
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e ¢ Flask Whqu.. :n€0dj
ﬁ HTML
Jinja E JS \(;-

Figure 7: Tools and technologies that go into Sangrahaka and Antarlekhaka

Both tools are live and being used in annotation tasks.
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Sanskrit Meter Identification

Utilization for text correction




Chandojnanam: Meter Identification and Utilization

Sanskrit Meters: Binary signature?® of every line
Majority of extant Sanskrit literature follows Sanskrit prosody

- Identify meters from Sanskrit text or images

- Catch errors in the text and suggest corrections!

- Web-based application, Python library

- Three input modes: (1) plain text, (2) images (3) text files

- Two OCR Engines: (1) Google Drive OCR (2) Tesseract OCR

- Transliteration support (powered by indic-transliteration)
- Two meter identification modes: (1) line mode (2) verse mode

- Fuzzy matching support using edit-distance comparison

https:/ /sanskrit.iitk.ac.in/jnanasangraha/chanda/

3Every syllable is classified as laghu (short) or guru (long) based on its pronunciation

Hrishikesh Rajesh Terdalkar Sanskrit Knowledge-based Systems 35/ 48 Q
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Feature Comparison

Features [Mis07] [MSG13] [Raj20] [Nei22] Chandojhanam
Availabilit Web Interface Ve v v v v
y Software Library v v v
Text v v v v v
Arbitrary Lines v
Input Multiple Verses v
Textfile Upload v v
Image Upload v
Meter Identification v v v v v
Functionality  Error Tolerance v v v
Fuzzy Matching v v

Table 4: Feature comparison of extant meter identification systems

“http:/ /sanskrit.sai.uni-heidelberg.de/Chanda/HTML/ no longer functional.
Shttps:/ /sanskritlibrary.org:8080/Meterldentification/ no longer functional.
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Fuzzy Matching

Finding approximate and close matches if no exact match

Why?

- Digitally available Sanskrit text can be erroneous

- Manual data entry

- Post-scanning OCR followed by manual correction
- Types of Errors

- Characters may be misspelt, e.g., % (ru) as & (r)

- Characters may be missing, e.g., @ (vargai) as @i (vagai)
- Characters may be misidentified, e.g., % (r) as s (kra)

- Characters may get split, e.g., @ (kha) as %@ (rava)

- Several such errors can affect the metrical pattern of the text

Hrishikesh Rajesh Terdalkar Sanskrit Knowledge-based Systems 37/ 48 Q
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Chandojinanam Interface

https:/ /sanskrit.iitk.ac.in/jnanasangraha/chanda/

Text Output Scheme:

AT YASRUTY TGRS
it Tt T TRt e |
THIEHIEG HianREamRiera ARari
TATAGHRENE SUTHTOITHISH T I

Verse Mode © Line Mode
Results na

Aksarani e F g S FAE YIS gIETGTIWMIAT ™

Laghu-Guru T T7T 3T T7dd T dddTTdT T T T

Gana q Ed 9 9q g g g
Counts 21 31eRIfOY, 34 AT

Jati et

Chanda FeRT (1 edit)
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Feasibility for Text Correction

Simulate digitization pipeline |
- Generate PDF from Wikisource text
- Run two OCR systems: Google, Tesseract

- Obtain the OCR-ed versions of the text

- Three versions® of Meghadita’ composed by Kalidasa
- Wikisource, sanskritdocuments.org and GRETIL
- Texts with more metrical variety

- Santavilasa (36 verses) (12 distinct meters)
- Sriramaraksastotra (39 verses) (9 distinct meters)
- Rajendrakarnapiira (72 verses) (4 distinct meters)

- Total 14 text versions, 1038 verses, exhibiting 17 distinct meters

GSmgte text from different sources can differ in several places
7 Also used by [Raj20] for evaluation
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Results - Error Tolerance

Santavilasa

Meghadiita s napiira Total
SO GR WS GO TO WS GO TO|WS GO TO|WS GO  TO

Number of Verses MM 123 123 123[36 36 36[39 39 39|72 72 7 1038

Unique Chanda T 1 1 1|2 12 1|9 9 9|4 4 4 17

Erroneous Verses 20 79 2 3 77|13 16 31| 1 4 13|12 26 ol 3%
Correct [Nei22] 20 79 2 30 66| M 13 1|0 2 9|12 2 36 318 (80.3%)
Meters [Raj20] 9079 2 30 75|12 5 2|1 2 9|12 26 58 | 364(91.9%)
Identified | Chandojianam | 20 79 2 31 77 | 13 16 29| 1 39|12 26 7 389 (98.2%)

Table 5: Error tolerance of meter identification systems. (Versions are WS:
Wikisource, GO: Google OCR, TO: Tesseract OCR, SD: sanskritdocuments.org,
GR: GRETIL.) Chandojiianam is able to detect correct chanda from erroneous
verses 98.2% of the times.
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Error Analysis

Examples of actual errors from Wikisource version of Meghaduta

v

Error #1
- Line: A& HGHIERH tda 9ad d (Pada 3, Sloka 1.23)
- Incorrect word 9dd (should be udd)
- Likely due to OCR error and an oversight by the curator
- Suggestion: [[['&r, &, '&", @], [&, 'F, 'w, g, T, '€, [T, d, q,
[w, r(@)IL], 9], [d11]

- Correctly points to the location where a change is required
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Error Analysis

Error #2

- Line: SMfORMYTedgLeRadgalsmaTy (Pada 3, Sloka 2.53)

- Extra letter (@) present in the sandhi of words F2t: and dgals:

- Suggestion: [[[=T, 'f&, @r, =, W, f&, @, &, &, &, d&), 'q, 5,
<, oy, o, v, )

- Points out correctly that a syllable needs to be deleted

- However, points to an incorrect syllable ¥ to be deleted

- Both ¥ and d are laghu letters
- Deletion of either letter = the correct metrical signature
- Impossible for a meter identification based system
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Miscellaneous Tools

https://sanskrit.iitk.ac.in/




Sankhyapaddhatih

Representation of numeric values using letters, syllables or words

- Ease of remembrance
- Many-to-one mapping of string to numbers
- Systems
- Katapayadi Sankhya: alpha-syllabic system
- Aryabhatiya Sankhya: alpha-syllabic system
- Bhutasankhya: words with numeric connotation
- Interfaces
- Decode: Numeric values from given strings (deterministic)
- Encode: Generate strings from a numbers
- System dependent, e.g., Katapayadi: Data-driven

https://sanskritiitk.ac.in/jnanasangraha/sankhya/
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Katapayadi - Example

Select corpora

T
TR,
s
Decode text
Preferred number of words

At aRgEr: Wed
Small
Encode number m
14111265

Katapayadi Number

14111265
Katapayadi Encodings
At ARIer: @ .

Split AT a R g q I R 7 q§ a 9@ 9
eI 4 Aty Relevant T a T 7 T T T T
sifrsar s @ Numbers 5 6 (2 1 1 1 4 1

Figure 8: Katapayadi System - Encoding and Decoding
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Vaiyyakaranah: Sanskrit Grammar Bot for Telegram

© @vyakarana_bot  https://t.me/vyakarana_bot

- Telegram bot

- State-of-the-art Sanskrit tools
Features

- Stem finder (Pratipadikam)

- Declension generator (Subantah)

- Root finder (Dhatuh)

- Conjugation generator (Tinantah)

- Word segmentation (Sandhisamasau)
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nic Access to Cologne Digital Sanskrit Lexic

pip install PyCDSL

Cologne Digital Sanskrit Lexicon (CDSL)

- Sanskrit-English, English-Sanskrit, Sanskrit-Sanskrit

- Specialized Dictionaries

PyCDSL Features
- Download, manage, search
- Command Line Interface (CLI)

- Console Command (cdsl)
- REPL Interface (cdsl -i)

- Module to use in Python projects

Hrishikesh Rajesh Terdalkar Sanskrit Knowledge-based Systems

inport pycdsl

# default install at ~/cdsl_data
CDSL = pycdsl.CDSLCOrpus()

# setup
CDSL.setup()

# dictionary accessible using "[]" operator
results = CDSL["MW"].search("w")

# alternatively, also accessible as attribute
results = CDSL.MW.search("am")

# iterate over a "CDSLDict’ isntance
for entry in CDSL.MW:
print(type(entry))
print(entry)
break
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Future Work

- High-level tasks for low-resource languages
- Creation of computationally usable datasets
- NLP tasks in Indian context
- Multilingual and Cross-Lingual NLP
- Unified grammar for Indian languages
- Machine translation among Indian languages
- Hybrid approaches

- Knowledge-based Systems
- Large Language Models (LLMs)
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Processing Sanskrit Text

- Sentence: UGl ®2A8:  (Who was greater — Karna or Arjuna?)
- Splitting of samasa and sandhi
- Sanskrit Sandhi and Compound Splitter &
- Output: FHU-3T: F:-98:
- Morphological analysis of the word
- The Sanskrit Heritage Platform °
- case (vibhakti, faufs)
- number (vacana, a3)
- gender (linga, forgm)
- Output:
- @&t {voc. sg. m.}

- 35 {loc. du. mJ}
- T {nom. sg. m}

- 98 {nom. sg. m.}

8OUver Hellwig, Sebastian Nehrdich: Sanskrit Word Segmentation Using Character-level RNN and CNNs. EMNLP 2018.
9The Sanskrit Reader Companion, Heritage Platform, Gérard Huet, https://sanskrit.inria.fr/DICO/reader.fr.ntml
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Building Knowledge Graph

World Knowledge
- List of kinship relationship words and synonyms
- Inference rules

- Inverse relations
- Composite relations

Triplets Extraction

- Search for relationship words

- Proximity of subject and object (assumption)
- Context window of n verses

- Case-based rules
- subject: genitive case (sasthi vibhakti)
- predicate: relationship word (various cases)
- object: same case as the predicate



Knowledge Graph Details

Ramayana Mahabharata

Preprocessing ~ 3.5 days ~ 13 days
Time taken Triplet Extraction 14.18 sec 57.19 sec
Triplet Enhancement 0.40 sec 2.05 sec
Entities (Nodes) 1,711 3,552
Before enhancement  Triplets (Edges) 6,155 18,936
Distinct Relations 24 25
Entities (Nodes) 1,711 3,552
After enhancement Triplets (Edges) 11,367 32,395
Distinct Relations 27 27

Table 6: Statistics of the knowledge graphs for the human relationships.
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Background

- Classification of syllables
- Pronunciation dependent
- Laghu (short)
- Letters with short vowels
- Guru (long)
- Letters with long vowels
- Laghu letters followed by a joint letter (samyogah)
- Last letter of a pada (conditional)
- Matra: Laghu 1, Guru 2
- Gana: Sequence of three letters (2° = 8)

- Chanda Types

- Aksaracchanda: Sequences of laghu-guru
- Samavrtta, Ardhasamavrtta and Visamavrtta
- Matracchanda: Counts of matra

- Literature: Vrttaratnakarah, Chandovicitih, Chandomanjari etc.



Fuzzy Matching

How?

- Problem: Finding the nearest matching string for the metrical
signature of the text line

- Compute Levenshtein edit-distance of the observed pattern

- Normalize the edit-distance by the length of target pattern

Levenshtein distance

Similarity =1— Length of target match

- Topmost k matches as the possible fuzzy matches
- Suggestions: changes to transform the input into the target
- insert, delete, replace
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