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Understanding the semantic structure of compound formations is a cen-
tral concern in both theoretical and computational linguistics. The Universal
Semantic Representation (USR) provides a computationally tractable frame-
work for capturing meaning in a structured, language-independent manner,
drawing inspiration from the Indian Grammatical Tradition (IGT). This
study applies Paninian principles of compounding to the USR framework in
order to analyse compound structures from a Paninian perspective. While
principles such as akanksa (expectancy) and yogyata (semantic congruity)
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are foundational to semantic interpretation, the study particularly demon-
strates how specific Paninian constraints, including “savisesananam vrttir
na” and “vrttasya va visesanayogo na” help resolve modifier-scope ambi-
guities in automated systems and semantic parsing. The paper further exa-
mines the internal semantic organisation of compound expressions and the
hierarchical relations that emerge in nested and complex compound con-
structions. Incorporating these insights into the USR framework demon-
strates how compound semantics, dependency relations, and contextual in-
terpretation can be systematically represented across languages for computa-
tional processing. Examples drawn from Hindi geography textbooks illus-
trate the practical applicability of the proposed analysis and underscore the
relevance of Paninian grammar for advancing computational approaches to
semantic representation and Natural Language Generation (NLG). The study
analyses 1,504 sentences from Hindi geography textbooks and observes that
compound density reaches approximately 52 % in technical chapters, there-
by necessitating a systematic logic for representing nested compound struc-
tures and preserving semantic integrity. The findings suggest that the inte-
gration of Paninian grammatical insights with USR contributes significantly
to Natural Language Processing (NLP) models for Indian languages by im-
proving semantic precision, interpretive consistency, and computational rep-
resentation of complex linguistic structures. The study highlights the con-
tinuing relevance of traditional Indian grammatical theories in contemporary
computational linguistics and knowledge representation research.
Keywords: vrtti, Paninian grammar, ekarthibhava-samarthya, compound
formation, semantic compatibility, Universal Semantic Representation

1. Introduction

Language serves as the primary tool for expressing and structuring
human thought and social behaviour. In this study, the term language
is used in the restricted sense of human language, understood as a
rule-governed symbolic system with specific cognitive and neurobio-
logical foundations. Human language may be realised through diffe-
rent modalities, such as spoken, written, or signed forms, while re-
maining subject to the same underlying grammatical and semantic
principles. Through language, humans articulate their internal thoughts
and emotions, and meaning is systematically conveyed through sen-
tences. Classical Sanskrit tradition does not offer a single, uniform def-
inition of the sentence (vakya). Rather, multiple characterisations are
found in the tradition, such as Katyayana’s vartika “eka-tin vakyam”
(a sentence consists of a single finite verb) [Patafijali, Kaiyata, Bhatta
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2018; Varadarajacarya 2004, 64], “sup-tin-anta-cayo vakyam” (a sen-
tence is a collection of nominal and verbal inflected forms) [Ama-
rasimha 1971], and “pada-samitho vakyam” (a sentence is a grouping
of words) [Jha 2010, 94; Acarya 2014]. These definitions reflect dif-
ferent analytical perspectives, verbal, morphological, and structural,
adopted by various scholars within the tradition. Although Paninian!
Grammar focuses on Sanskrit, it provides insights into global linguis-
tic principles and computational models. Frits Staal argued that Pani-
ni’s work prefigures the concept of generative grammar introduced by
Noam Chomsky in the 20™ century. Panini’s rules can generate all the
valid forms of Sanskrit words and sentences, similar to how genera-
tive grammar describes how sentences are constructed in natural lan-
guages [Staal 1972]. In everyday communication, humans compre-
hend and express meaning through sentences. The complete meaning
of a sentence arises from the combination of the meanings of each
component element used in the sentence. The Indian grammatical tra-
dition has significantly contributed to the field of verbal cognition
(sabda-bodha). For sabda-bodha, the anvaya (connection) among the
components of a sentence according to their akanksa (expectancy),
yogyata (meaning congruity), sannidhi (contiguity), and tat-parya
(intention) is essential, as mentioned by Nages$a Bhatta in his Parama-
laghu-marijisa: “atha $abda-bodha-sahakara-karanani akanksa-yo-
gyvata-asatti-tat-paryan” [Bhatta 2006, 47]. For instance, let us look
at sentence (Ex. 1):

(Ex. 1) Sanskrit:  ramo grham gacchati

Gloss: Rama nom. m. sg.  home acc.-n. sg.  go pres. 3 sg.

English: Rama goes home.

This sentence has three elements: rama, home (grha), and \Ngam.
Each of these three has its meaning: Rama, home, and motion. When
all these elements are interconnected, their combination yields the
meaning ‘Rama goes home’. Let us first define what is meant by
akanksa, yogyata, sannidhi, and tatparya.

"'In this paper, ‘Paninian grammar’ is understood in the broader tra-
ditional sense, encompassing the muni-traya (Panini (the sitra-kara),
Katyayana (the varttika-kara), and Patafijali (the bhasya-kara)), as well as
the subsequent grammatical tradition that follows them, and not Panini alone
as the author of the Astadhyayi.
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1.1. Akanksa (Expectancy)

Akanksa refers to a situation where a word cannot convey a com-
plete sense on its own and requires another word. Nage$a Bhatta de-
fined the akanksa in the following manner:
hanvaya- yogyarthasya yaj jianam tad-visayeccha” [Bhatta 2006, 47].

“The listeners desire to know the other words or their meanings to
understand the full message of the sentence”.

A word has akanksa for another if it cannot produce complete
knowledge in a sentence without it. In every language, certain lexical
items require other elements in order to yield a syntactically well-
formed and semantically complete sentence. In this sense, “meaning
completion” is understood as the formation of a sentence in formally
definable terms. From the perspective of formal semantics, such se-
mantic completeness corresponds to the formation of a proposition
that can be evaluated as true or false. For example, a noun marked
with the nominative case does not require a verb per se, but rather a
predicate to complete its meaning; such predicates may be realised
not only as verbs but also as adjectives or nouns, as in nominal sen-
tences (e.g., viro ramah ‘Rama is a brave’). Similarly, a verb such as
buy conventionally selects both an external argument (the buyer) and
an internal argument (the item purchased) in order to express a com-
plete propositional meaning. A string of words such as cow, bird, man
does not form a sentence and therefore fails to denote a truth value in
the sense assumed in formal semantic theories. Because there is no
connection between them due to a lack of fulfilment of akanksa.

1.2. Yogyata (Meaning Congruity)

Nagesa Bhatta, in his Parama-laghu-marijisa, defines yogyata as:

“paras-paranvaya-prayojaka-dharma-vatvam yogyatvam” [Bhatta
2006, 49].

“Yogyata is the quality or ability of a pada (inflected word) to
communicate its meaning (padartha) in a way that is logically related
to other words”.

The term yogyata refers to the logical consistency of words within
a sentence, ensuring they fit together to convey a meaningful mes-
sage. It is about determining whether a sentence makes sense based
on our understanding and experience. For example, in the sentence
Jjalena sificati (He sprinkles it with water), there is yogyata because
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wetting typically involves using a liquid like water, which is logical
and makes sense. On the other hand, in the sentence cagnina siricati
(He sprinkles it with fire), there is no yogyata because wetting with
fire is illogical and doesn’t match our understanding of how things
work.

1.3. Sannidhi/Asatti (Contiguity)

Sannidhi, or asatti, essentially states that words in a sentence must
be spoken immediately, without significant gaps. This ensures their
uninterrupted connection and coherent apprehension. If words are
spoken with long intervals or are interrupted by unrelated words,
even akanksa and yogyata cannot establish their meaningful interre-
lation. For instance, if one word is uttered now and another word is
uttered 10 minutes later to form a sentence, the lack of continuity
(vvavadhana) between the two words would prevent coherence, ma-
king it impossible to derive any meaningful interpretation (sarthaka-
vakyartha) from them. Nage$a Bhatta defines it as follows:

“prakrtabodha-anukilla-pada-avyavadhanam dasattih” [Bhatta
20006, 49].

“Asatti is the uninterrupted connection between words that facili-
tates the intended relational understanding (anvaya-bodha)”.

This means that d@satti refers to the absence of interruptions caused
by intervening words that are opposed to, or irrelevant to, the inten-
ded relational understanding (anvaya-bodha). For example, look at
(Ex. 2).

(Ex. 2) Sanskrit:  *girih bhuktam agniman
devadattena
Gloss: mountain nom. Sg eaten acc. m/n. sg  fiery

nom. sg. Devadatta ins. m. sg.

English: *The mountain, is eaten, fiery, by Devadatta.

In (Ex. 2), the words girikh (mountain) and agniman (fiery) stand in
a visesana-visesya-bhava (modifier-modified relationship). In the tra-
dition of Nagesa Bhatta, such relations are said to be optimally inter-
preted when the relevant elements are contiguous, as in girih agniman
(fiery mountain), bhuktam devadattena (is eaten by Devadatta). From
this perspective, contiguity enhances clarity in relational understan-
ding (anvaya-bodha). It should be noted, however, that this is not a

2 The asterisk (*) preceding a sentence indicates that the expression is
considered grammatically invalid or unacceptable in linguistic analysis.
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general constraint on natural languages: modifier-modified relations
may also be established across intervening material, as extensively
documented in the literature on long-distance dependencies. Sanskrit,
including Vedic Sanskrit, likewise exhibits such non-contiguous de-
pendencies.

But in (Ex. 2), the word bhuktam (eaten) disrupts the connection
between girih (mountain) and agnimdan (fiery). Thus, the lack of
asatti makes it harder to achieve immediate and precise verbal cog-
nition (sa@bda-bodha). Nagesa Bhatta holds a slightly different view
regarding the concept of dasatti (contiguity). As said, “asattir api
manda-buddheh avilambena sabda-bodhe karanam, amanda-bud-
dhes tu asatti-abhdave 'pi padarthopasthitau akanksaditah avilambe-
naiva bodho bhavati”. That means, “dsatti (contiguity) is helpful for
individuals with slower intellect (manda-buddhi) and for a person
with ordinary intelligence to understand the meaning of a sentence
(vakyartha)” [Bhatta 2006]. However, those who are intellectually
advanced (vyutpanna) or analytical can grasp the meaning of a sen-
tence even in the absence of asatti, despite interruptions by unrela-
ted words. They rely solely on their understanding of the elements
(padartha-jiiana) and the strength of contextual expectations (akari-
ksa) to derive the meaning of the sentence. Therefore, asatti does
not hold as much significance for such intellectually capable indi-
viduals.

1.4. Tatparya (Intention of the Speaker)

Nagesa Bhatta defined tatparya in the following manner:

“Etad vakyam padam va etad-artha-bodhayoccaraniyam iti
svariyeccha tatparyam” [Bhatta 2006, 52].

“ “The sentence or phrase should be pronounced to communicate
its meaning’. This type of divine wish is called tatparya”.

In common parlance, regarding words with multiple meanings, ‘I
pronounce this word or sentence to convey this meaning’, such a type
of speaker’s intention is called (tatparya). In popular understanding,
knowledge of context and situation is essential for determining the
speaker’s intent. Therefore, when someone says ‘saindhavam anaya’
(bring salt/horse), depending on the context, the word ‘saindhava’
may refer to salt in the context of food, or it may refer to horses from
Sindh province in a military context.
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When words with vr#ti (a kind of multi-world expression), such as
compound nouns, are present in a sentence, not only akanksa, yogyata,
sannidhi, and tatparya contribute to interpretation, but additional con-
ditions also become necessary to establish anvaya (semantic connec-
tion), thereby enabling verbal cognition (s@abdabodha) among those
compound expressions. There are many discussions in the Indian
grammatical tradition (IGT)* about the problems and solutions to
such situations. Let us now briefly see what vr##i is and how many
types of vrttis there are.

1.5. Introduction to vrttis

In language use, speakers tend to convey a wide range of mea-
nings as economically as possible. To achieve such economy of ex-
pression, languages employ systematic grammatical mechanisms,
such as suffixation and compounding, through which additional or
complex meanings can be encoded within a single linguistic form.
This method is called ‘vr#ti’ in IGT. Patanjali has defined vr##i in the
following manner:

“pararthabhidhanam vrttilh” [Patafjali, Kaiyata and Bhatta 2018,
328], MBh. 1. 364.6-365.14 ad A. 2.1.1*

“The expression of the meaning of one word through another is
called vreti”. The translation of sabda as “word” adopted here is sup-
ported by Sastri’s discussion of the passage [Sastri 2015, V, 193].

In this passage, Kaiyata writes, “parasya sabdasya yo’rthas ta-
syabhidhanam sabdantarena yatra sa vrttir-ity-artha ”. That means
vrtti is where there is a designation of the meaning of one speech
form by another speech form. The term vrtti is a technical term. It de-
notes a specific formation of sentence structure or word structure. If
we want to convey a meaning with a minimum number of words,
typically two or more, then vrtti plays a significant role in such con-
texts. In other words, in a vrt#ti, semantically compatible multiple
words transform into a single word.

For example, let us look at (Ex. 3):

’ Indian Grammatical Tradition (IGT) refers to the Indian classical in-
tellectual tradition concerned with grammatical principles established within
disciplines such as Vyakarana, Nyaya, Mimamsa, and related $astric sys-
tems.

* Mahabhasya references follow the Kielhorn-Abhyankar edition and are
cited as Volume.Page.Line(s).
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(Ex. 3) Raja-purusah

Samasa-vrtti Vigraha-vakya (Phrase without vr##)
Skt: raja-purusah Skt: rajiiah purusah
Gls: royal man nom. sg Gls: king gen. sg. man nom. sg
Eng: A royal man Eng: A man of the king

In (3), raja-purusah (royal man) is a compound derived from the
underlying expression r@jiiah purusah (the man of the king). This for-
mation exemplifies a sasthi-tatpurusa samasa, a type of compound in
the Sanskrit grammatical tradition in which the first member stands in
a genitive (sasthi) relation to the second, corresponding roughly to an
‘X of Y’ relation in English. In such compounds, the genitive relation
is expressed implicitly through compounding rather than overt case
marking. That conveys the same meaning as the phrase shown in the
vigraha vakya column. This is a strategy that makes crucial use of
economy in the formation of a sentence. This kind of economy can be
seen in all types of vrttis.

Vrttis are complex word formations. To explain their meaning,
grammarians use some phrases called vigraha vakya. Varadarajacarya
defines vigraha as:

“vrtty-arthavabodhakam vakyam vigrahah” [Varadarajacarya
2004, 172].

“A phrase that conveys the meaning of a vr#ti (such as a com-
pound) is a vigraha-vakya”.

There are two kinds:

® Laukika-vigraha-vakya — a form used in ordinary speech.

® Alaukika-vigraha-vakya — a form not used in daily communica-
tion but constructed for grammatical analysis.

For example, ra@ja-purusa (royal man) is a samdasa-vrtti.

o Its laukika-vigraha: rdjiiah purusah (man of the king).

o Its alaukika vigraha: rajan+nas, purusa~+su.

Usually, the laukika-vigraha uses the same words that form the
samasa. However, sometimes the vigraha involves a different word
(asva-pada-vigraha), producing a nitya-samasa (obligatory com-
pound). In short, a vreti is a complex word, that is, a single lexical
item composed of two word-like elements, whereas its vigraha-vakya
is the corresponding expanded, non-compounded syntactic expres-
sion (e.g., rajiiah purusah).
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The five types of vrttis are:

¢ Krt-vrtti— Krt-vreti refers to primary (deverbal) derivation
formed by the addition of a k7t suffix.

* e.g., kumbha-karah (potter) from kumbham karoti (makes
pots) by adding suffix -aN to Vkr with kumbha as object. Here, only
-karah is a krt (deverbal) derivative, while the full form kumbha-
karah is an upapada-samasa, formed with kumbha as an object-re-
lated preverbial element.

¢ Taddhita-vrtti — secondary derivation by adding a faddhita suf-
fix to a noun.

* ¢.g., dasarathih (descendant of Dasaratha) from dasarathasya
apatyam by adding suffix -i7.

¢ Samasa-vrtti — compounding two or more words into one for
concision.

* e.g., raja-purusa from rdjan + purusa using sasthi-tatpurusa
compound.

¢ Ekaceesa-vrtti — ellipsis of repeated words with identical form.

* e.g., Ramah, Ramah, Ramah — Ramah.

* Special rules also allow the ellipsis of different words, e.g.,
mata ca pita ca — pitarau.

¢ Sanadyantadhatu-vrtti — formation of an augmented root by
adding certain affixes (san, etc.) to a root.

* e.g., didrksati (desires to see) from drastum icchati by adding
suffix -san to \/drs'.

Modern scholarship has also examined Sanskrit compounds from
broader linguistic and theoretical perspectives. George Cardona has
emphasised that Paninian compound formation cannot be understood
merely as a formal morphological operation, but must be analysed in
relation to semantic dependency, grammatical architecture, and usage-
based interpretation within the Sanskrit grammatical tradition [Car-
dona 1997]. Similarly, studies in Indo-European and Sanskrit linguis-
tics by Hans Henrich Hock and others have explored broader questions
concerning compositionality, lexicalisation, and the interaction be-
tween syntax and morphology in complex linguistic structures [Hock
1991]. Building upon such discussions, Pablo Molina-Mufioz specifi-
cally investigates Sanskrit compounds in relation to the architecture of
grammar and argues that Sanskrit compounding reflects a complex in-
teraction between morphology, syntax, and semantic structure rather
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than a purely mechanical derivational process [Molina-Mufioz 2013].
These studies collectively demonstrate the continuing relevance of
Sanskrit grammatical theory to broader linguistic discussions of se-
mantic compositionality, as well as to semantic interpretation and
computational representation within the framework of Universal Se-
mantic Representation (USR).

2. Methodology

This study adopts a qualitative, corpus-informed approach to ana-
lyse compound structures within the Universal Semantic Representa-
tion (USR) framework from a Paninian grammatical perspective. The
methodology integrates traditional linguistic theory with computa-
tional representation in order to examine the structure and interpreta-
tion of compounds, particularly nested vrttis.

2.1. Data Source

The primary data for this study are drawn from Hindi geography
textbooks published by the National Institute of Open Schooling
(NIOS). A total of 1,504 sentences were selected from Chapters 1-4,
with additional illustrative examples drawn from later chapters where
necessary. These texts were chosen due to their high density of com-
pound constructions, especially in technical and descriptive contexts.

2.2. Analytical Framework

The analysis is conducted using the Universal Semantic Repre-
sentation (USR) framework, which encodes meaning across multiple
layers, including conceptual (ConL), dependency (DepR), and con-
structional (Cons) representations. Each selected sentence is manually
analysed to identify semantic units and their relations, with particular
attention to compound structures.

2.3. Analytical Procedure

The analysis proceeds through the following steps:

e Identification of compound structures within each sentence,

e Determination of the underlying vigraha vakya,

e Application of Paninian constraints to evaluate compound for-
mation,

e Representation of the structure within the Universal Semantic
Representation (USR) framework,

¢ Examination of nested and recursive compounding patterns, and

¢ Generation of natural language output (NLG) from the USR rep-
resentation in order to validate the semantic adequacy and interpreta-
bility of the analysed structures.
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3. Theoretical Discussion

Samarthya is necessary for the aforementioned vrttis, as said
Panini on the Pa.sti.2.1.1, “samarthah pada-vidhih” [Misra 2015]. We
will explain the concept of samarthya further in Sections 3.3.1 and
3.3.2. Along with samarthya, certain rules must be followed in spe-
cial circumstances. What are these rules? Let’s clarify now.

3.1. Non-Formation of Vrtti under External Modifier Expec-
tancy

The formation of vrttis presupposes semantic compatibility (sa-
marthya) among the elements involved, a requirement articulated by
Panini in the rule “samarthah padavidhih” [Misra 2015]. Neverthe-
less, in later grammatical interpretations, compound formation may
still be restricted in certain contexts despite semantic compatibility.
Therefore, it is essential to take these prohibitive conditions into ac-
count when analysing compounds. Patanjali discusses an additional
rule, or condition, that must also be considered in the formation of a
vrtti. Let’s see:

Rule 1: “savisesananam vrttirna vrttasya va visesana-yogo na”
[Patanjali, Kaiyata & Bhatta, No. 2018, 320].

“Padas, that is, inflected words, defined by Panini as sup-tin-an-
tam padam [Misra 2015] (forms ending in nominal or verbal inflec-
tion) that exhibit expectancy for modifiers or qualifiers, do not by
themselves form a vrtti. Having an expectancy for modifiers/quali-
fiers does not form a vrtti; also, a component of a vr#ti does not relate
to other modifiers/qualifiers outside the vr#ti”.

What is the importance of this principle/rule? Why is it necessary
to consider them in vr#ti formation? Let’s delve into these topics for
further discussion on this fundamental principle about a vrtti.

This principle consists of two statements, considered rule 1.a and
1.b.

Rule 1.a: Savisesananam vrttir na

Padas (words) having an expectancy for modifiers/qualifiers do
not form a vrtti.

Rule 1.b: Vrttasya va visesana-yogo na

A component of a vreti does not relate to other modifiers/qualifiers
outside the vriti.

Rule 1.a states that words with an expectancy for qualifier/s (spe-
cific attribute/s) other than those involved in the construction of the
vrtti cannot form a vrtti. For instance, look at (Ex. 4).
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(Ex. 4) Sanskrit: rddhasya rajiah purusah

Gloss: rich gen. sg. king gen. sg man nom.sg

English: A man of a rich king.

Similar to (Ex. 3), from (Ex. 4), one might wish to derive a sasthi-
tatpurusa-samdsa, that is, a determinative compound in which the
non-head constituent bears an implicit genitive relation; ‘raja-purusa’
using the words rdjan (king) and purusa (man). However, since the
word rddha (rich) functions as a modifier and thus has an expectancy
for a head noun, Rule 1.a excludes the formation of a vrtti in this
case, rendering rgjan ineligible for compounding. Consequently,
rddhasya rajiah purusah is interpreted as an ordinary syntactic ex-
pression rather than as a compound. If ‘the rich king’s man’ meaning
is to be conveyed by samasa, then first rddha and rajan need to be
combined using a karmadharaya-samasa and formed as a rddha-
rajan. After that, the word rddha-rdjan should be compounded with
purusa using a sasthi-tatpurusa-samasa, that is, a determinative com-
pound in which the non-head constituent bears an implicit genitive
relation as a final word ‘rddha-raja-purusah’ to convey the meaning
‘the rich king’s man’.

Rule 1.b states that a component of a derived compound may also
not have an expectancy for a modifier outside the compound, as
shown in (Ex. 5).

(Ex. 5) Sanskrit:  *rddhasya raja-purusah

Gloss: rich gen. sg  royal man nom. sg

English: *The rich’s royal man.

In (Ex. 5), when the words rajan and purusa are combined by
sasthi-tatpurusa-samasa, that is, a determinative compound in which
the non-head constituent bears an implicit genitive relation, the result
comes as a raja-purusa (royal man). After the compounding in rgja-
purusa (royal man), if one wishes to add a visesana (modifier) to
rajan (king), restriction of Rule 1.b will be applied. Once this com-
pound word ‘raja-purusa’ is formed, the external modifier element,
such as rddha (rich), cannot be accepted within the compound. When
a samasa (compound) is formed, the resulting expression becomes a
distinct lexical unit with a specific meaning based on ekarthibhava-
samarthya, that is, the capacity of the compound to convey a single,
integrated meaning (see Section 3 below). If one wishes to connect
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some modifier with the compound word, that will connect with the
visesya (substantive) in the entire distinct meaning of the compound,
not with the visesana (modifier). This is what Rule 1.b vrttasya ca
visesana-yogo na signifies. Therefore, due to Rule 1.b, the modifier
rddha (rich) cannot be correlated with rajan (king) within the com-
pound rdjapurusa (royal man).

This Rule 1 is the foundational principle based on the grammatical
structures vrttis and sabda-bodha (verbal cognition). It emphasises
that relational integrity within the vrttis is preserved, and external
modifiers cannot modify internal components of the vrtis.

3.2. Exceptions to Rule 1

Rule 1 is broadly applicable, but it has exceptions under specific
conditions. In particular examples, external modifiers are mandatory
due to the akarnksa of a component of the vrttis. When one element of
a vrtti has an expectancy for an external modifier, it cannot convey its
meaning properly without the external modifier. In such cases, a vriti
can be formed despite the expectancy for modification outside the
components of the vr#ti. After creating the vr#ti, the external modifier
will also be connected with the element of the vrtti.

Relational Words (Sambandhisabda):

A primary exception arises when a component of a vriti is a
sambandhi-sabda, a word inherently relational. For instance, let’s see
the compound vr##i in (Ex. 6):

(Ex. 6) Sanskrit: devadattasya  guroh putrah

Gloss: Devadatta gen. sg. guru gen. sg. son nom. sg.

English: The son of the guru of Devadatta.

In (Ex. 6), by a sasthi-tatpurusa samdsa between the words’ guru
and putra, the compound word ‘guru-putra’ is to be formed. But,
since the expectancy of ‘guru’ is not only with ‘putra’ but also with
Devadatta, a word outside of vrtti, how can the samasa-vrtti be
formed as ‘guru-putrah’? Due to Rule 1, this samasa ‘guruputrah’
cannot be formed.

However, where there is a niyata akanksd (permanent expectancy)
of the word, like guru, the component of vr##i, Rule 1 does not apply
as a solution suggested by the traditional scholars as: “sasambandhika-
padarthasya-ekadesatve pi bhavaty eva visesananvayal’” (Even when
a relationally connected element is a component of a compound, it
can nevertheless enter into a relation with an additional modifier)
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[Diksita et al. 2022, 1, 466]. Bhartrhari has also said the same thing in
this context in the following manner:

Rule 1.e:®  “sambandhi-sabdah sapekso nityam sarvah sama-
syate

vakyavat sa vyapeksasya vrttav api na hivate” [lyer 1974, 14§].

“A sapeksa sambandhi-sabda, 1. e., a word that denotes a relation-
ship, always forms a vrtti despite its meaning-interdependence for a
modifier outside the vr##i”.

When we form certain compounds, the secondary word may act as
a sambandhi-sabda (a word denoting a relationship). In such cases,
the secondary word can depend on another word outside the expec-
tant compound to communicate its complete meaning. According to
Rule 1, a compound cannot be formed in such cases. But, Rule 1.e is
an exception to Rule 1. It supports compound formation despite ha-
ving an expectancy for an external modifier attached to such a secon-
dary word. For instance, as shown in (Ex. 7), the compound ‘guru-
putrah’ must be formed from guru and putra. Guru is the secondary
word, and putra is the primary word here. The concept of a guru is
inherently relational because a guru exists only in relation to a Sisya
(disciple). Someone is called a guru when they have a sisya (disci-
ple). Without a sisya (disciple), no one is considered a guru. The same
condition also applies to the sisya. Both Sisya and guru have akanksa
(expectancy) of each other. Thus, the meaning of the guru depends on
the idea of a disciple. So, a connection between the guru and the sisya
is preserved even when the guru is included in a compound, like
guru-putrah.

Since the word guru denotes a relational entity, it is a sakanksita
word. Since it is sakanksita, Rule 1 cannot be applied here. So, it can
take an external modifier from outside the compound. Eventually,
sasthi-tatpurusa-samasa, where the non-head element bears the im-
plicit genitive case, will be considered between guru and putra. As a
result, ‘Devadattasya guru-putrah’ will be valid and useful. Let’s see
in (Ex. 7).

(Ex. 7) Sanskrit: devadattasya guru-putrah

Gloss: Devadatta gen. sg guru-son nom. sg

English: The son of Devadatta’s guru.

5 Here, ‘e’ denotes the exception. So, Rule 1.e means Exception to Rule 1.
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Furthermore, Rule 1 does not apply in cases where a nitya-samdsa
(obligatory compound) is present. For example, let’s see in (Ex. 8).

(Ex. 8) Sanskrit: gramasya prativrksam

Gloss: village gen. sg each-tree acc. sg

English: At every tree in the village.

Here, in (Ex. 8), the form prativrksam is derived through an
avyayibhdva compound formed from prati and vrksa, conveying the
sense of vipsa (pervasion). In such avyayibhava compounds, vrksa
functions as the upasarjana (non-head), being governed by the inde-
clinable head prati. Consequently, when a compound-external modi-
fier such as gramasya is construed as modifying vrksa, the resulting
construction constitutes a violation of Rule 1, since the modification
targets a dependent internal constituent rather than the head of the
compound. However, in the context of nitya-samasa, Rule 1 cannot
be applied. In (Ex. 8), prativrksam is a nitya-samasa, as discussed in
Section 1.5. Notice that the laukika-vigraha is ‘vrksam vrksam’ (tree
after tree), which does not have the word ‘prati’, whereas the com-
pound has the word ‘prati’. Thus, due to the inapplicability of Rule 1
in nitya-samasa, the avyayibhava-samasa can be formed using the
words vrksa and prati. Now, let’s further explain the causal principle
behind Rule 1.b, described in Section 2.

3.3. Optionality of Rule 1

Rule 1 had to be accepted in the context of vrti. But, if we recog-
nise the ekarthibhava-samarthya (described shortly in this Section)
for vrtti, then Rule 1 becomes unnecessary. In that case, it is crucial
to understand the principle of ekarthibhava-samarthya. What role
does it play in vrttis? Let us see.

3.3.1. Ekarthibhava-samarthya (Single Integrated Meaning)

In Paninian grammar, ‘samarthya’ is a technical term that is clas-
sified into two categories:

1. Ekarthibhava-samarthya

2. Wapeksabhava-samarthya

Let us first explain ekarthibhava-samarthya. The notion of ekart-
hibhava-samarthya is discussed already in Patafjali’s Mahabhasya
[Patafijali, Kaiyata, Bhatta 2018], where semantic unity is treated as
the basis of compound formation. During the explanation of the ru-
le p.2.1.1 samarthah padavidhih [Misra 2015], Vasudeva Diksita de-
fines ekarthibhava-samarthya in the following manner:
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“prakriyadasayam prthagarthavatvena grhitanam padanam samu-
dayasaktyavisistaikarthapratipadakatvamekarthibhava-samarthyam”
[Diksita et al. 2022, 467].

“The samarthya (capability) of shifting from multiple meanings
into a single meaning is called ekarthibhava-samarthya”.

Ekarthibhava-samarthya arises in formations where padas enter
into a close morphosyntactic relation (pada-karya), as in the case of
vrttis. For example, in (Ex. 3), when rdjan and purusa combine to
form the compound raja-purusah, the two stems retain their respec-
tive meanings king and man, just as they do in the corresponding syn-
tactic construction rajriah purusah (a man of the king). The crucial
difference between the compound and the noun phrase does not lie in
a contrast between multiple versus single meanings, but rather in the
grammatical status of the resulting form. In compounding, the two
stems are unified into a single lexical item, with the case endings of
the constituent padas being zero-replaced, yielding a word-level unit.
This capacity of morphosyntactic unification into a single lexeme is
what is meant by ekarthibhava-samarthya. The word raja-purusa,
arising from this capacity, conveys a specific meaning: the royal man,
due to the ekarthibhava-samarthya.

3.3.2. Vyapeksabhava-samarthya (Meaning-Interdependence)

The mutual connection of words in a sentence based on their ex-
pectancy, compatibility, and proximity is called vyapeksabhava-
samarthya. Vasudeva Diksita defined the vyapeksabhava-samarthya
in the following manner:

“svarthaparyavasayinam padanam akanksadivasat yah paraspa-
ram sambandhah sa vyapeksa” [Diksita et al. 2022, 467].

“Wapeksabhava-samarthya refers to the capability of padas to
have a mutual relationship and relevance in sentences due to their
akanksa, yogyata, and sannidhi”.

For example, in (Ex. 1), the words Rama, grham, and gacchati are
connected with each other according to their akanksa (expectancy),
vogyatd (Meaning Congruity), and sannidhi (Contiguity). This con-
nection is known as a vyapeksabhava-samarthya, which conveys the
whole meaning of the sentence.

The distinction between vyapeksabhava samarthya and ekarthib-
hava samarthya can already be traced to Patafijali’s discussion of
samarthah padavidhih in the Mahabhasya [Patafijali, Kaiyata, Bhatta
2018]. There, Pataijali observes that if samarthya is interpreted as
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ekarthibhava, the rule successfully accounts for samdasa, whereas
vibhakti-vidhana and parangavadbhava remain unexplained. Con-
versely, if samarthya is interpreted as vyapeksda, it accounts for
vibhakti-vidhana and parangavadbhava, but not for samasa®. This
discussion establishes a distinction between the semantic unity cha-
racteristic of compounds and the mutual expectancy that characteri-
ses syntactically related words. Building on this foundation, later
Paninian grammarians associated vyapeksabhava samarthya primar-
ily with sentences and ekarthibhava samarthya with vrtti [Bhattoji-
diksita et al. 2022, 467]. According to the theory of ekarthibhava
samarthya, the constituents of a compound function as a single word,
and their meaning is expressed in an integrated manner rather than as
the sum of independently functioning padas. From this standpoint,
the compound is analysed in terms of jahatsvartha-vrtti: a type of
vrtti in which the constituents relinquish their independent denotative
meanings (svartha) and yield a single integrated compound meaning.
This position is upheld by grammarians such as Bhattoji Diksita,
Nagesa Bhatta and others [Ashtadhyayi 2026].

However, some grammarians, notably Nagesa Bhatta, as stated,
“jahatsvarthd tu tatraiva yatra ridher virodhini” (jahatsvartha-vrtti
is to be assumed only where accepting the constituent meanings leads
to a contradiction with the conventional sense), do not generally ac-
cept jahatsvartha-vrtti in compounds and similar constructions’

¢ “tatraikarthibhave samarthye’dhikare ca sati samasa ekah samgrhito

bhavati| vibhaktividhanam parangavadbhavascasamgrhitah || vyapeksayam
punah sarmathye’dhikare ca sati vibhaktividhanam parangavadbhdavasca
samgrhito bhavati| samdasastveko samgrhitah||”. See [Patafjali, Kaiyata,
Bhatta 2018] for more information.

" “nanu visista-Sakta-svikare pankaja-padat avayavartha-pratitiv - ma
bhut samudaya-saktyaiva kamala-padavat puspa-visesa-pratyayah syad iti
cen na, jahatsvartha tu tatraiva yatra ridhir virodhint iti abhiyuktokteh
avayavartha-samvalita-samudayarthe padme sakti-svikarat”. That means:

Objection: If, in accordance with ekarthibhava-samarthya in com-
pounds, a visista-sakti is accepted, then in the word parnkaja (that which is
born in mud), there should be no cognition of the constituent meanings
(panka ‘mud’ and ja ‘born’). Instead, only the conventional meaning ‘lotus’
should be apprehended through that specific power alone.

Reply: This is not the case. Jahatsvartha-vrtti is accepted only where the
etymological meaning (yaugikartha) conflicts with the conventional meaning

The Oriental Studies, 2026, Ne 97 199



S. Gautam, Sukhada

[Ashtadhyayi 2026]. They argue instead that jahatsvartha-vrtti is ad-
mitted only in cases where the retention of constituent meanings would
conflict with an established or conventional meaning (ritdhi). Other-
wise, the default assumption is ajahatsvartha-vrtti: a type of com-
pounding in which each constituent retains its independent denotative
meaning (svartha) and together they produce the meaning of the com-
pound. When ekarthibhava-samarthya is adopted in the sense of
Jjahatsvartha-vrtti, the compound is treated as a single semantic unit
(without being subsumed into the whole); since its constituents no lon-
ger operate independently, an external modifier cannot be construed as
modifying any internal component. According to those who accept
ajahatsvartha, the meaning of the constituents in a compound is not
relinquished; however, since the compound meaning is specific as
ekarthibhava, the meanings of the constituents become partial aspects
(padarthaikadesa) of the compound meaning. Because they are only
partial aspects, in accordance with the principle “padarthah padarthena
anveéti, na tu padartha-ekadesena”, the head meaning (visesya)® deno-
ted by one word is connected with the head meaning (visesya) denoted
by another word, not with only a part of that meaning, the possibility
of an external modifier attaching to the compound is ruled out.

Since ekarthibhava-samarthya is accepted in vrtti, in (Ex. 5), the
word raja-purusa signifies the complete meaning ‘a royal man’ (the
man related to the king). According to the theory of ekarthibhava
samarthya, the compound rajapurusa expresses a single integrated
meaning. From the standpoint of ajahatsvartha-vrtti, the constituent
meanings of rajan (king) and purusa (man) are not completely aban-
doned; rather, they are subsumed into the unified meaning of the com-
pound and are not apprehended as independently functioning mea-
nings. In contrast, according to the theory of jahatsvartha-vrtti, the
constituents relinquish their individual meanings and only the com-
pound meaning is conveyed. So, the modifier ‘rddhasya’ (of the rich)
cannot relate to the rajan. So, in this scenario, Rule 1 becomes unnec-
essary to deny the connection of the modifier (outside of vr#ti) with

(riddhyartha). Where there is no such conflict, ajahatsvartha-vrtti is the de-
fault. Accordingly, in words like parkaja, since the etymological meaning
does not oppose the conventional sense ‘lotus’, the constituent meanings are
also apprehended.

8 Here, padartha refers to the visesya (head) of the meaning.
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vrtti. With this perspective, Kaunda Bhatta mentioned this idea in his
text Vaiyakarana-bhitsana-sarah in the following manner:

“samase khalu bhinnaiva saktih pankaja-sabdavat

bahiinam vrtti-dharmanam vacanair eva sadhane

syan mahad gauravam tasmad ekarthibhava asritah” [Pancholi
2011, 277].

“Just like the word parikaja (lotus), in the compound, ekarthibhava-
samarthya should be considered. Instead of making various rules and
theories, such as Rule 1, etc.”

This analysis motivates the postulation of a specialised semantic
potency (visista-Sakti) operative in compounds. For example, the ety-
mological derivation of the word parnkaja is panke jatam (that which
is born in mud). Within the Paninian grammatical framework, parnkaja
can be analysed as an upapada-samasa, where parnka functions as the
upapada and ‘ja’ is a krt-derivative formed from the root \jan. Howe-
ver, in actual linguistic usage, the word parnkaja does not denote all
entities that are born in mud; rather, it conventionally denotes only
padma (lotus). In order to exclude other potential interpretations,
such as objects merely produced in mud, it becomes necessary to as-
sume that pankaja operates with a specific ekarthibhava-based se-
mantic force, by virtue of which the general meaning of ‘being born
in mud’ (panka-jani-kartrtva) is relinquished, and only the determi-
nate sense ‘lotus’ (padmatva-visistah padmah) is conveyed. Thus, in
general, in compounds (samasa), ekarthibhava-samarthya is assumed
to account for the establishment of a specific meaning, as in parkaja.
From the perspective of modern linguistics, parikaja may be regarded
as a lexicalised or non-compositional compound, since the meaning
of the whole compound ‘lotus’ cannot be straightforwardly derived
from the meanings of its constituents (‘mud’ and ‘born’). In this re-
spect, the traditional notion of jahatsvartha-vrtti provides an account
of a phenomenon that modern linguistic scholarship describes as lexi-
calisation and non-compositionality [Lowe 2015]. For further discus-
sion, see [Paficholi 2011, 277-278].

4. Analysis of Compound Structure in Universal Semantic
Representation (USR)

Paninian grammar, though originally written for Sanskrit, discusses
language-independent principles [Kulkarni 2007]. These principles
discuss semantics, karaka and karaketara relations (dependency),
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compound formations, etc. This paper primarily focuses on the prin-
ciples of compound formation in Paninian grammar and how they can
help capture the semantics of compounds in languages other than
Sanskrit. Aikapadya (unification into a single lexical unit), aikas-
varya (assignment of a single accent), and related morphosyntactic
properties of compounds are distinctive features of Sanskrit. In con-
trast, many other Indian and non-Indian languages do not necessarily
represent compound expressions as a single orthographic word. Al-
though such expressions may constitute a single lexical unit, their
components may remain graphically separated according to the or-
thographic conventions of the language. Sanskrit, by contrast, typi-
cally represents compounds as a single continuous orthographic form.
A language may employ multiple orthographic conventions in repre-
senting the elements of a compound. For example, in Hindi, com-
pound words may be written in three different ways: with a hyphen,
as in bhii-bhaga (land area), as a single word, like bhiitala (surface),
or as separate words, like rahata samagrT (relief material). Similarly,
English also follows these writing styles for writing compound words.
For example, as a single word like milkman (a person who delivers
milk), hyphenated as in milk-fever (a disease caused by a lack of the
calcium contained in milk), and with a space as in milk bottle (a bot-
tle used to contain milk), etc. [Sukhada 2017, 30]. Due to this, when
compounds involve more than two words or are nested, identifying
compounds and the connection between their components (i.e., which
component is connected to which) becomes more challenging for ma-
chines. However, despite this non-uniformity in writing style, Rule 1
can help achieve a uniform understanding of the semantics of com-
pounds by providing specific criteria for the connection of compound
components and their formation, as explained in Section 2. Therefore,
we decided to apply this theory to Universal Semantic Representation
(USR) [Garg et al. 2023, 14-22] to provide a uniform representation
of compound semantics.

4.1. Universal Semantic Representation

The Universal Semantic Representation (USR) is a framework
for meaning representation inspired by the Indian Grammatical Tradi-
tion (IGT). USR aims to capture the speaker’s or author’s intention. In
communication (whether oral or written), one uses various linguistic
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expressions in sentences to convey their thoughts to the listener or
reader. Such information is represented within the USR at three le-
vels. The USR framework represents this information in a compu-
tationally tractable format, enabling formal semantic analysis and
supporting applications in natural language processing. Each level
contains one or more layers, also called rows, to capture different
kinds of linguistic and semantic information. These three levels are
as follows:’

1. Lexico-conceptual Level: This level captures conceptual infor-
mation typically expressed through atomic words, multiword expres-
sions, or derived words. Currently, it contains information organised
under the following labels within the USR [Garg et al. 2023, /4].

a. ConL or Con(cept) L(abel): The concepts (semantic constructs),
like entities, events, and their modifiers, are represented under the
concept label heading. The concept labels also include complex enti-
ties such as compounds, temporal expressions consisting of multiple
subphases, coordinating conjunctions, and disjunctions. The concepts
specific to these entities are represented within brackets [].

b. Index: Each concept is given an index number to uniquely
identify each concept label to help mark the head-dependency, co-
referencing, and compositionality among members of concepts, rep-
resented under the Syntactico-Semantic Label.

c. SemCat or Sem(antic) Cat(egory): In this layer, the semantic
categories of the concepts, such as a person, organisation, place,
named entities (NE), time, number, animacy, etc., are specified.

d. MoSem or Mo(rpho) Sem(antic Information): This layer cap-
tures the morphological information of the concepts, such as degree
of comparison, causation, etc., typically expressed through deriva-
tional morphology applied to the root words.

2. Syntactico-Semantic or Propositional Level: At this level, re-
lational information, commonly conveyed through karaka-vibhakti,
non-karaka-vibhakti, compounding, conjunction, etc. [Garg et al.
2023, 14-15] is captured. It includes the following layers:

a. DepR or Dep(endency) R(elations): This label defines the re-
lationship between the head and its dependent/s by specifying the

° In the future, USR will represent the scope-level information as well.
Research on the scope is in progress at this level.
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index of the head. Here, head-dependent relations in terms of karaka
and non-karaka relations are represented.

b. Cons or Cons(truction): USR defines Constructions as seman-
tic frames expressed through linguistic units larger than a word but
smaller than a sentence, such as compounds, temporal expressions,
conjunctions, etc. This type of semantic information is captured un-
der the Construction layer.

3. Discourse Level: This level captures inter-sentential and in-
tra-sentential information such as cohesion and coherence, and the
speaker’s perspective as emphasising, distinguishing, etc. [Garg et al.
2023, 14-15]. It includes the following layers:

a. DiscE or Dis(course) E(lements): This layer captures the dis-
course-level connections that ensure cohesion and coherence in com-
munication. It focuses on discourse connective relations and prono-
minal coreference across or within sentences.

b. SpekV or Speak(er’s) V(iew): The speaker’s view layer repre-
sents the speaker’s perspective as emphasis, respect, etc., conveyed in
the discourse.

Now, let us see an example of Universal Semantic Representation
(USR) through a sentence (Ex.9). In this paper, Hindi Geography
data from NIOS (National Institute of Open Schooling) have been
used for compound analysis, mainly from Chapters 1-4. Examples
from chapters 10 and 11 have also been provided for illustrative pur-
poses.

(Ex. 9) badha ya bhitkampa ke bada sabhi vyaktiyom ko rahata
samagri ki jarirata hott hai [Geography (316) syllabus, 7].

Hin:badha ya bhitkampa ke  bada  sabht

Gls: flood nom. f. sg. or disjunct earthquake gen. m. sg. after
post. loc. all quant

vyaktiyom korahata samagrt ki Jararata hott hai.

person dat. m. pl.  relief material gen. f. sg. necessity nom. f. sg.
be pres. 3. sg.

Eng: After a flood or earthquake, all persons require relief
materials.

204 Cxo0o03nascmeo, 2026, Ne 97



Compound formation and representation for computational processing...

Table 1. Universal Semantic Representation of the (Ex. 9)

<sent id= Geo nios_Ich 0100>

ConL Ind |SemCat|MoSem | DepR | DiscR|SpekV| Cons
badha 1 1 — — — — — 3:o0pl
bhikampa 1 [2 |- - - - - 3:0p2
[disjunct 1] |3 — — 4kl |- — —
bada 1 4 |- — 11:k7t |- — —
saba 1 5 — — 6:quant |— hi 1 |-
vyakti 2 6 anim  |pl 11:kd4a |- — —
rahata_2 7 — — — — — 9:sadhya
samagri_2 8 |- — — — — 9:sadhana
[4-tat 1] 9 — - 10:16 |- — —
jarurata_1 10 |- — 11:kl |- - -
ho 1-ta hai 1|11 |- — 0:main |— — —
</sent id>

For the convenience of readers unfamiliar with the USR frame-
work, a glossary of the abbreviations and Sanskrit grammatical terms
appearing in the tables is provided in the Appendix (Table 9).

Table 1 presents the Universal Semantic Representation (USR) of
the Hindi sentence (Ex. 9), illustrating how meaning is encoded ac-
ross the lexico-conceptual, syntactico-semantic, and discourse levels.
Geo _nios_Ich 0100 is the sentence ID of example (Ex. 9). Such sen-
tence IDs are assigned in the USR to enable inter-sentential reference
and cross-referencing across the dataset. The ConL column lists the
conceptual units invoked in the sentence, including entities (badha
‘flood’, bhitkampa ‘earthquake’, vyakti ‘people’), modifiers (sabhi
‘all’), predicates (jarurata ‘need’, ho ‘be’), and complex construc-
tions such as compounds and discourse operators, which are repre-
sented within square brackets (e.g. [4-tat 1], [disjunct 1]). Each con-
cept is assigned a unique Index (Ind), which serves as a reference
point for encoding dependency relations and constructional member-
ship within the USR. The SemCat column specifies semantic catego-
ries where relevant; for instance, vyakti is marked as animate and plu-
ral. The MoSem layer captures morpho-semantic information, though
no overt morpho-semantic distinctions are required for most items in
this sentence. At the syntactico-semantic level, the DepR column en-
codes karaka and non-karaka relations by indicating the head index
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and the type of relation, such as ‘sabhi’ functioning as a quantifier
(5:quant) of ‘vyakti’, or vyakti bearing the k4a relation to the event of
need. The Cons column represents constructional information, inclu-
ding the relational role of the compound r@hata samagri, analysed as
[4-tat 1] at the concept level. As highlighted in Table 1 [4-tat 1] in-
dicates a caturthi tatpurusa=samdasa, that is, a determinative com-
pound in which a dative (‘for’) relation holds between the compound
members rahata_2 ‘relief” and samagri 2 ‘material’. The compound
rahata-samagri is semantically equivalent to the paraphrase rahataya
samagri (‘material for relief’), where the dative relation applies to
the upasarjana (non-head) rahata, and samagri functions as the head.
Accordingly, at the Construction level in the USR, rahata 2 and
samagri_2 are marked with sadhya (purpose) and sadhana (means)
relations!®, respectively, reflecting the purposive relation encoded by
the compound. The SpekV column remains empty as no explicit
speaker-oriented perspective is encoded. Taken together, the table
demonstrates how USR systematically integrates conceptual content,
grammatical relations, compounding, and discourse structure to rep-
resent the intended meaning of the sentence.

4.2. Application of Rule 1 in USR for Indian Language

In case a component of the vrtti that acts as a modifier to the vr#ti
has a modifier outside the vrtfi, it cannot form a vrtti due to Rule 1. So,
initially, an external modifier and component of the vr#ti form a com-
pound. After that, this compound can form another vrtti, creating a
nested vreti. Each vrtti has the potential to contain nested vrtti (vrtti-
garbhaka vrtti). Following this idea, Rule 1 will be applied to mark
the compound and other vrttis within the Universal Semantic Repre-
sentation (USR). There can be multiple layers of vrttis, where a vrtti
exists within another vr##i, such as compound, and so on. Each vrtis
can be nested. However, in the NIOS data analysed for this paper, only

'0In the Universal Semantic Representation (USR), relations may be la-
belled using either English terms (like ‘mod’, ‘head’, ‘quant’) or Sanskrit
terms (like ‘sadhya’, ‘sadhana’, ‘visaya’, ‘visayi’, etc.). The choice of termi-
nology does not affect the underlying representation, as USR’s primary fo-
cus is the semantic representation of meaning rather than the language of the
labels. In the USR framework, each relational term is mapped to its equiva-
lent term that conveys the same meaning, ensuring consistent semantic rep-
resentation across labelling languages.
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specific types of nested vr#fis, such as compounds, have been identi-
fied. There are a few types of nested vrtti, as shown in Table 2 below.
Table 2. Types of nested vrtti

Samdasa-vrtti-garbhaka samasa-vrtti Samasa-vrtti-garbhaka anya-vrtti
\Karmadharaya-garbhaka tatpurusa-samasa |Tatpurusa-garbhaka taddhita-vrtti
Tatpurusa-garbhaka tatpurusa-samasa
\Dvandva-garbhaka tatpurusa-samasa

Now, let us explain these nested vretis with examples, respectively.

4.2.1. Samasa-vrtti-garbhaka samasa-vrtti (Nested Compounds)

Samdsa-vrtti-garbhaka samasa-vrtti is a type of compound forma-
tion in which an internally formed compound (samdsa-vrtti) is em-
bedded within another compound and functions as a single samasta-
pada for further compounding, thereby exhibiting the recursive nature
of samasa formation. Such constructions are not uniform but encom-
pass multiple types, depending on the nature and interaction of the
internal and external samasa, which are discussed in further detail.

e Karmadhiraya-garbhaka tatpurusa-samasa (Appositional
Compound with Determinative Compound)

A Karmadharaya-garbhaka tatpurusa-samasa denotes a multi-
layered grammatical process where an initial pair of constituents un-
dergoes a karmadharaya transformation (appositional/descriptive
compounding) to form a unified base. This base then functions as a
single samdasta-pada (compound word) to relate to a third constituent
through a tatpurusa (determinative) process. For example, let us exa-
mine (Ex. 10), (Ex. 11), or (Ex. 12).

(Ex. 10) prarambhika vidvan varnandtmaka bhiigolavetta the
[Geography (316)].

Hin: prarambhika vidvan  varnanatmaka bhiigola-vetta the.

Gls: earlier adj. scholar nom. m. pl. descriptive adj. geographer
nom. m.pl. be past. 3. pl.

Eng: The earlier scholars were descriptive geographers.

In (Ex. 10), the word bhiigola-vetta is formed by a sasthi-tatpurusa
compound, i. €., a determinative compound in which the semantic re-
lation between the members corresponds to a genitive (‘of”) relation
in the underlying paraphrase, between bhiigola ‘geography’ and vetta
‘knower’. The word varnanatmaka (descriptive) is a modifier of
bhiigola (geography). However, since bhiigola-vetta (geographer) is a
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compound word, the modifier (outside of the compound) varnpanat-
maka (descriptive) cannot be connected with bhiigola due to Rule 1.
Therefore, it is essential to form the first ‘varnanatmaka-bhiigola’ us-
ing a karmadharaya-samasa between the words varnanatmaka and
bhiigola. After that, ‘varnanatmaka-bhiigola-vetta’ will be formed us-
ing sasthi-tatpurusa-samasa (a determinative compound where the
non-head element bears implicit genitive case) between the words
varnanatmaka-bhiigola and vetta. This approach provides the correct
semantic interpretation. This is illustrated in Figure 1.

varnandtmakabhiigola-veria
[sasthi tatpurusa]

fﬂy// -

. iy
varnandtmaka-bhigola
[karmadharayva]

g

; ; g T
rzse;ar?' *\lz.se.g_ra
e 4
varnandtmaka bhiigola

Fig. 1. compound structure of the (Ex. 10)

Now, let us see the USR in Table 3:
Table 3. Universal Semantic Representation of the (Ex. 10)

<sent id= Geo nios lch 0011>

ConL Index SemCat MoSem | DepR | DisE |SpeakV| Cons
prarambhika 6|1 - - 2:mod |— — -
vidvana 6 2 anim  |pl 8kl |- — -
varpanatma- |3 - - - - — S:viSesana
ka 1
bhiigola 1 4 - — - - — 5:viSesya
[karmad- 5 - - - - - 7:jiieya
haraya 1]
vetta 1 6 - - - - — 7:jiata
[6-tat 1] 7 — pl 8:kls |- - —
hai_1-past 8 - - 0:main |— — -
</sent id>
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In Table 3, [karmadharaya_1] denotes a karmadharaya-sama-
sa between the varnanatmaka 1 and bhiigola 1. In the construction,
mod and head relations are assigned to varnanatmaka 1 and bha-
gola 1, respectively, with respect to index 5 [karmadharaya_ 1].
Similarly, [6-tat_1] denotes a sasthi-tatpurusa-samdsa (a determina-
tive compound where the non-head element bears implicit genitive
case) between [karmadharaya 1] (varnanatmaka-bhiigola) and
vettd 1. So, in the construction label, jiieya and jiiata relations are
given to [karmadharaya_ 1] (varnanatmaka-bhiigola) and vetta, re-
spectively.

(Ex. 11) manacitrom ko banane ke lie amkiya bhaugolika sticand
tantra naye upakarana haim [Geography (316)].

Hin: manacitrom ko banane ke lie amkiya
bhaugolika

Gls: map acc. m. pl. make inf. purpose digital adj.
geographical adj.

sicand tantra naye upakarana haim

information nom. f. pl. system nom. m. pl. new adj. tool nom. m. pl.
be pres. 3 pl.

Eng: Digital geographical information systems are new tools for
making maps.

In (Ex. 11), séicand-tantra ‘information system’ is analysed as a
sasthi-tatpurusa (genitive) compound, formed from siicana ‘informa-
tion” and fantra ‘system’. The genitive relation corresponds to an
English of-phrase (i.e., ‘system of information’) and reflects the role
of the non-head element within the compound, rather than the case of
that non-head element. The noun sicana ‘information’ is further
modified by bhaugolika ‘geographical’. In this situation, Rule 1 pre-
vents a direct compound formation between siicana ‘information’ and
tantra ‘system’. Consequently, the compound bhaugolika-siicana
‘geographical information’ must first be formed as a karmadharaya
compound between bhaugolika ‘geographical’ and sicana ‘informa-
tion’. In the next step, a sasthi-tatpurusa (genitive) compound is
formed between bhaugolika-siicand and tantra ‘system’, yielding
bhaugolika-siicana-tantra ‘geographical information system’. Seman-
tically, this corresponds to an English paraphrase such as ‘a system
for geographical information’. See Figure 2.
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bhaugolika sticana—tantra
[sasthi tatpurusa]

upakiﬂ//

bhaugolika siicana

[karmadharaya]

1':’.§e$m_m/

bhaugolika

b "

9

Wy
wes_vﬂ

4

sticanda

\@Eﬂr'ﬂkﬂ
&

Fig. 2. The compound structure in (Ex. 11)

rantra

The relations used in all figures and USR representations are de-
fined and explained in the Appendix. Let’s see USR in Table 4:
Table 4. Universal Semantic Representation of the (Ex. 11)

<sent_id= Geo_nios_lch_0048>

ConL Index SemCat/ MoSem | DepR | DisE [SpeakV| Cons
manacitra 1 |1 - pl 2:k2 |- — -
bana 1 2 - - 1t |- - -
amkiya 3 3 - - 7:mod |- - -
bhaugolika 1 |4 — - — - — 6:mod
sticana_1 5 - - - — — 6:head
[karmad- 6 - - - - - 8:upaka-
haraya 1] rya
tantra_1 7 — - - - — 8:upaka-

raka

[6-tat_1] 8 - - 11:k1 |- - -
naya 1 9 - - 10:mod |- - -
upakarana 1 |10 - - 11:kls |- - -
hai_1-pres 11 - - 0:main |— - -
</sent_id>

In Table 4, [karmadharaya_1] denotes a karmadharaya-samasa
between the words bhaugolika and siicana. In the given construction,
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the mod and head relations are assigned, respectively, to the bhaugo-
lika and siicana for reference under index 6 [karmadharaya 1].
Similarly, [6-tat 1] indicates sasthi-tatpurusa-samasa (a determina-
tive compound where the non-head element bears implicit genitive
case) between [karmadharaya_ 1] (bhaugolika siicana) and tantra.
So, upakarya and upakaraka relations are given in the construction
to [karmadharaya 1] (i. e., bhaugolika siicand) and tantra, respec-
tively. Because the system supports, processes, and manages the in-
formation. To know the full form or definition of these relational tags,
see the appendix (table 9) at the end.

e tatpurusa-garbhaka tatpurusa-samasa (Determinative with
Determinative Compound)

A Tatpurusa-garbhaka tatpurusa-samasa denotes a recursive de-
terminative compound where the internal structure (the garbha) is it-
self a tatpurusa compound. In this formation, an initial pair of con-
stituents first undergoes a tatpurusa transformation to form a unified
base, which then functions as a single samdasta-pada to combine with
a third constituent in a secondary tatpurusa process. For instance, let
us see (Ex. 12):

(Ex. 12) bhii akrti vijinana, jalavayu vijiana, samudra vijiana,
mrda aura jaiva bhiigola [Geography (316)].

Hin: bhii akrti vijiiana, Jjalavayu
vijiiana, samudra vijiana, mrda aura Jjaiva
bhiigola

Gls: earth gen. f. sg. shape gen. f. sg. science nom. m. sg. climate
gen. m. sg. science nom. m. sg. ocean gen. m. sg. science nom. m. sg.
soil nom. m. sg. and conj. bio adj. geography nom. m. sg.

Eng: geomorphology, climatology, oceanography, soil and bioge-
ography.

As highlighted in (Ex. 12), bhi akrti vijiana (geomorphology) is a
compound word. Here, bhii (earth) functions as a genitive modifier of
the head akrti (shape), and bhii akrti (shape of the earth) also func-
tions as a genitive modifier of the head ‘vijiiana’ (science). So bhii
akrti vijiiana includes two compounds. Initially, bhi akrti is formed
by the sasthi-tatpurusa-samasa of bhii and akrti. After that, using
sasthi-tatpurusa-samasa again between the words bhiakrti and vijria-
na, ‘bhiu akrti vijiana’ will be completely formed.
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bhu

g

bhii—dkrti
[sasthi tatpurusa]

.ﬂﬁ;/ N}

bhii—-akrti-vijiiana
[sasthi tatpurusa]

vfmyg/

akyti

vijiiana

Fig. 3. The compound structure in (Ex. 12)

Now, let us see USR in Table 6:
Table 6. Universal Semantic Representation of the (Ex. 12)

<sent_id= Geo_nios lch 0188>

ConL |Index|SemCat| MoSem | DepR |DisE| SpeakV | Cons
bha_1 1 — - — - — 3:sva
akrti_1 2 - - — - - 3:svami
[6-tat 1] |3 - - - - S:visaya
vijiiana_1 |4 - - - - — S:visayi
[6-tat 2] |5 — — - - 17:0pl
jalavayu 1 |6 - - - - - 8:visaya
vijiana 1 |7 - - - — 8:visayi
[6-tat 3] |8 - - - - - 17:0p2
samudra 1 |9 - — - — - 11:visaya
vijiana 1 |10 - - - — 11:visayi
[6-tat_4] 11 - - - - — 17:0p3
mrda 1 12 - - - - 14:mod
bhiigola 1 |13 - - - - - 14:head
[6-tat_5] 14 - — - - - 17:0p4
jaiva_1 15 - — 16:mod - -
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bhugola 1 |16 - - - - - 17:0p5
[conj 1] 17 - - 8:re - - -
[6-tat 6] 18 - - - - - 17:0p6
</sent_id>

In Table 6, [6-tat 1] denotes a sasthi-tatpurusa-samasa between
the bhi 1 and akrti 1. [6-tat 2] denotes a sasthi tatpurusa samdasa
between the [6-tat 1] (bhii-akrti) and vijiana. The relationships
among the components of the compound are given in the construc-
tion.

e Dvandva-garbhaka tatpurusa-samasa (Copulative Com-
pound with Determinative Compound)

A Dvandva-garbhaka tatpurusa-samasa denotes a multi-layered
formation where an initial set of constituents undergoes a dvandva
transformation (copulative compounding) to create a unified base,
which then functions as a single samasta-pada to relate to a subse-
quent word through a tatpurusa process. For example, consider the
following (Ex. 13).

(Ex. 13) Anya mahatvapirna vicarakom ne bhiigola ko manava-
paryavarana-antarsambandhom ke ripa mem paribhasita kiya hai
[Geography (316)].

Hin: anya mahatvapiirna vicarakom ne bhiigola ko
manava- paryavarana- antarsambandhom ke ripa
mem paribhasita kiya hai.

Gls: other mod. important adj. thinker nom. m. pl. geography
acc. m. sg.  human nom. m. sg. environment nom. m. sg. -interrela-
tion nom. m. pl. as form loc. m. sg. define perf. 3. sg.

Eng: Other important thinkers have defined the geography as a
form of human-environment interrelation.

In (Ex. 13), the word ‘manava-parydavarana antarsambandha’ is
compounded. There is a Dvandva-garbhaka tatpurusa-samasa. Ini-
tially, the ‘manava-paryavarana’ word is formed using dvandva-
samasa between the word mdanava and paryavarana. After that,
‘manava-paryavarana’ is connected with antarsambandha to form
‘manava-paryavarana antarsambandha’ by sasthi-tatpurusa-sa-
masa.
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manava—paryavarana

[dvandval

{}p., /
e

manava

manava-parydvarana—antarsambandha
[sasthi tarpuwrusal

e

prarr'}ﬂg}}*’f

e

\\

\'\OPI
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4

parvavarana

™~

a,

\Qnu_rcrgf

\\\-L

antarsambandha

Fig. 4. The compound structure in (Ex. 13)

Let us see USR in Table 7:
Table 7. Universal Semantic Representation of the (Ex. 13)

<sent_id= Geo_nios_Ich_0056¢c>

Cons Index|Semcat MoSem| DepR | DisE |SpeakV Cons
anya_1 1 - - 3:mod |- - -
mahatvaptirna_1 |2 - - 3:mod |- - -
vicaraka 1 3 anim  |pl 13:k1 |- - -

Bhiigola 1 4 - - 13:k2 |- - -

manava_1 5 anim |- - - - 7:0p1
paryavarana 1 |6 - - - - — 7:0p2
[dvandva_1] 7 - - - - - 9:pratiyogi
antarsamban- |8 - pl - - — 9:head
dha 1

[6-tat_1] 9 - - 10:r6 |- - -

ripa_1 10 |- - 13:k7 |- - -
paribhasita 1 11 - - - - - 13:kriyamiila
kara 1-ya hai 1|12 |- - - - - 13:verbalizer
[ep 1] 13 — - 0:main |— - -

</sent_id>

As highlighted in Table 7, [dvandva_1] denotes a dvandva-samasa
between the manava_1 and paryavarana 1. So, opl and op2 in the
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construction indicate the role of the manava 1 and paryavarana 1 in
the compound.

4.2.2. Samasa-vrtti-garbhaka anya-vrtti (Compounds with
other Constructions)

Samasa-vrtti-garbhaka anya-vrtti refers to cases in which a com-
pound first undergoes samasa-vrtti and subsequently serves as the
base for another vrtti. In such constructions, the compound meaning
forms an intermediate stage in the derivation rather than the final in-
terpretation. The complete meaning arises only after the application
of the subsequent vrtti, such as a derivational suffix. Thus, the seman-
tic output of the compound functions as the input to a further gram-
matical operation.

e Tatpurusa-garbhaka taddhita-vrtti (Determinative com-
pound with Derivational Suffixation)

A Tatpurusa-garbhaka taddhita-vrtti denotes a multi-layered
grammatical process where a determinative compound, such as
karmadharaya-samasa, is first formed to create a unified base, to
which a taddhita (secondary derivational) suffix is subsequently ap-
pended to derive a new lexeme. For Instance, let us see in (Ex. 14).

(Ex. 14) usna katibandhiva cakravata Sitosna katibandhiya
cakravata se kai batom mem bhinna hote haim [Geography (316)].

Hin: usna katibandhiya  cakravata Sitosna
katibandhiya cakravata se kat batom mem
bhinna hote haim.

Gls: tropical adj. equatorial adj. cyclone nom. m. pl. temperate
adj. equatorial adj. cyclone nom. m. pl. several adj. aspects
loc. f- pl. different adj. be pres. 3 pl.

Eng: Tropical cyclones are different from temperate cyclones in
several aspects.

In (Ex. 14), the word katibandhiya is derived through taddhita-
vrtti. Here, the taddhita suffix iya (cha) is added to the base
katibandha in the sense of “tatra bhaval” (“existing there”). This se-
mantic interpretation is rooted in the Paninian grammatical tradition,
where taddhita suffixes are prescribed for specific semantic relations
(Astadhyay1 4.3.53). Accordingly, katibandhiya denotes something
associated with or existing in relation to a belt (katibandha). That re-
fers to cakravata (cyclone), which exists in the katibandha. Usna
(hot) is a modifier of the katibandha. But, if the katibandha has an
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external (outside of taddhita-vrtti) modifier ‘usna’, the taddhita suffix
‘-iya’(cha) cannot be added to ‘katibandha’ due to Rule 1.a.

Suppose one formed the word ‘katibandhiya’ by adding the taddhi-
ta suffix ‘-iya’(cha) without considering the modifier usna. Now, if
one wishes to connect an external modifier usna (hot) with katibandha
in katibandhiya, still usna can not be connected due to Rule 1.b. There-
fore, first of all, it is necessary to form the compound word ‘usna-
katibandha’ using karmadharaya samasa between the words usna and
katibandha. After that, the word ‘usna-katibandhiya® will be mea-
ningfully derived by adding the taddhita suffix ‘-iya’(cha) to ‘usna-
katibandha’ . To clarify this idea, consider the following Figure 6.

usnakatibandha-iva

[taddhita vrtti]

N
ddhar adheya
A

-
usna-katibandha taddhita suffix
[karmadharayva] -cha (fva)
z/:' H\\
visesana,”” “vifesya
7
* 4
usna katibandha

Fig. 5. The vrtti structure in (Ex. 14)
Let’s see the USR in Table 8.

Table 8. Universal Semantic Representation of the (Ex. 14)
<sent_id= Geo nios_11ch 0295>

Conc Index|SemCat MoSem DepR |DisE |SpeakV|Cons
usna_1 1 — — - - - 3:mod
katibandha 1 |2 - - - — 3:head
[karmadha- |3 — - - - - 4:location
raya 1]
[taddhita_1] |4 — tatra- |[5:mod |- - -

bhavah
cakravata 1 |5 - - 14kl |- - -
$itosna 1 6 — — — — — 8:mod
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katibandha 1 |7 - - - - - 8:head

[karmadha- |8 - - - - - 9:location

raya 2|

[taddhita_2] |9 - tatra- |10:mod |- - -
bhavah

cakravata 1 |10 |- - 13:k5 |- - -

kat 1 11 - — 12:quant |— - —

bata 1 12 |- - 14k7 |- - -

bhinna 1 13 |- — 14:kls |- - —

ho 1-ta hai 114 |- — O:main |- - -

</sent_id>

As highlighted in Table 8, [karmadharaya_ 1] denotes a karmad-
haraya-samasa between the words usna and katibandha. In the con-
struction label, mod and head relations are assigned for usna and
katibandha, respectively, with reference to Index 3 (karmadharaya).
[taddhita_1] denotes a taddhita-vrtti of [karmadharaya 1] (i.e.,
usna-katibandha) where taddhita suffix ‘-iya’(cha) is to be added.
Here, usna-katibandhiya (belonging to the hot belt / torrid zone) is
derived through a taddhita suffix. The derivation encodes the seman-
tic relation tatra-bhavah (that which exists in a particular place), indi-
cating association with the usna-katibandha (hot or equatorial belt).
Accordingly, this relation is assigned to [taddhita_1] (usna-katiban-
dhiya) in the Morpho-Semantic annotation.

The USR representations presented above serve as input to the
natural language generation (NLG) system. In the following section,
these representations are used to generate output sentences using a
large language model (Gemini 2.5). The generated outputs are com-
pared with reference translations and outputs from standard systems,
such as Google Translate and GPT-based models, to evaluate the ef-
fectiveness of the USR-to-NLG pipeline, particularly in preserving
compound structures and their internal relations.

4.3. From USR to Multilingual Generation

The Universal Semantic Representation (USR) serves not only
as a framework for semantic analysis but also as an intermediate
representation for multilingual natural language generation. Since
USR encodes language-independent semantic relations, it enables the
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generation of equivalent sentences across languages while preserving
the underlying meaning, including compound structures and their in-
ternal relations.

The process consists of three stages: sentence input, USR construc-
tion, and natural language generation (NLG). In the first stage, a lan-
guage-specific sentence is taken as input. In the second stage, the sen-
tence is converted to USR manually or using an automatic USR builder
tool, in which semantic relations, compound structures, and nested de-
pendencies are represented in a language-independent format. In the
final stage, the USR is provided as structured input to a large language
model (LLM), specifically Gemini 2.5, for natural language genera-
tion. The USR representation is supplied in a formatted schema (in-
cluding nodes, relations, and compound markers), enabling the model
to generate output sentences that preserve both semantic content and
structural relations. During NLG, compound-related features encoded
in USR guide surface realisation in the target language. Based on the
internal structure, such as modifier-head relations and nested vrttis, the
system determines whether the output should be realised as a com-
pound form or as an analytic expression. This ensures that complex
nominal structures are generated without loss of internal semantic rela-
tions, which are often simplified in standard translation systems.

The following examples illustrate the outputs generated through
the USR-to-NLG pipeline using Gemini 2.5. For each case, the USR
representation serves as structured input, and the resulting sentences
are analysed with respect to the preservation of compound structures
and their internal relations. The generated outputs are first examined
to evaluate how effectively the system realises the encoded semantic
and structural information. For example, consider Example 10, 13 and
its corresponding USR (Table 3) and (Table 6).

Input: Table 3. Universal Semantic Representation of Example 10.

Output (USR to NLG — English):

Early scholars were experts of descriptive geography.

Output (USR to NLG - Hindi):

prarambhika vidvana varnanatmaka bhiigola ke vetta the

The generated outputs correctly realise the compound structure
“varnandtmaka bhiigola ke vetta”, preserving the hierarchical relation
between “varnanatmaka bhiigola” (descriptive geography) and “vet-
ta” (experts). In English, this relation is expressed through an analytic
construction (“experts of descriptive geography”), while in Hindi, the
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compound structure is preserved in its natural form. The genitive
marker “ke” and “of” are appropriately generated in Hindi and Eng-
lish, respectively, reflecting the underlying relational structure en-
coded in the USR representation.

Input:

Table 6. Universal Semantic Representation of Example 13.

Output (USR to NLG — English):

Other important thinkers have defined geography as the form of
human-environment interrelations.

Output (USR to NLG — Hindi):

Anya mahatvapiirna vicarakom ne bhiigola ko manava aura
paryavarana ke antarsambandhom ke ripa mem paribhdasita kiya hai

The generated outputs correctly realise the compound structure
“manava-paryavarana antarsambandha”, preserving the coordina-
ted (dvandva) relation between “manava” and “paryavarana”. In
Hindi, the dvandva relation is explicitly realised through the conjunc-
tion “aura”, while the sasthi relation is expressed by the genitive
marker “ke”, resulting in the expression “mdanava aura paryavarana
ke antarsambandha”. In English, this structure is represented through
the analytic expression “human-environment interrelations,” where
coordination is preserved through hyphenation and the relational
meaning is maintained. These realisations demonstrate that the USR-
to-NLG process accurately maps compound relations into appropriate
surface markers across languages. These examples further demon-
strate that the USR-based approach effectively preserves both coordi-
nation and relational structure in compound expressions, ensuring
accurate and natural realisation across languages.

4.4 Distribution of Samasa-vrtti in NIOS Data

NIOS data has been considered in this paper to analyse com-
pounds. This study examines the occurrence and distribution of
compound words in the NIOS Geography text in Hindi, focusing on
four selected chapters. The dataset comprises 1504 sentences,
among which 463 compound words appear in various forms, such
as tatpurusa, karmadharaya, madhyama-pada-lopi"', dvandva, upa-

" Madhyama-pada-lopi-samasa refers to a type of compound formation
in which two words first combine to form a compound word. This com-
pounded form subsequently enters into a karmadharaya compound with
another word. In the resulting karmadharaya-samasa, the medial component,
which was the final (second) component in the first compound, is elided. A
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pada'®, bahuvrihi and kevala samasa. The analysis considers only
separated or hyphenated compounds, excluding single-word com-
pounds inherently fused in writing. Let us see the major compounds
through Figure 6:

Total Sentences

Total Compounds

g
mm

Madhyarmapada-lopl
Karmadhdiaya

B-Talpifiiss

EEN

4-Tatpunasa
&-Talpanusa

10 B T-Talpuiiss
i Upapada
1

Dvantia
{ | BaFrrain

6-Batanaini

1at ard Jrd & T-Bahuitrihi

AvyayTbhiva
Chaplers

Fig. 6. Total number of major compounds and their types
in the NIOS text Geography in Hindi

compound formed through such deletion of the medial element is known as
madhyama-pada-lopi-samdsa. In the first stage of formation, two lexical items
combine to form a compound, and this compound may belong to any samdasa
type. In the second stage, this already compounded form combines with ano-
ther word by a karmadharaya-samasa. 1t is during this second stage of com-
pounding that the medial constituent is deleted: sakaprivah parthivah —
Sakaparthivah [Diksita et al. 2022]. Here, the word Saka-priya is itself a
bahuvrthi compound, analysable as sakam priyam yasmai (one for whom
vegetables are favourite). Subsequently, when saka-priya and parthiva com-
bine through a karmadharaya compound, the medial element priya is elided,
resulting in the form saka-parthiva.

12 Upapada Samasa is a specific category of tatpurusa compound defined
by the Paninian rule “Upapadamatin” (P. 2.2.19), where a subanta (inflected
noun) acts as a nerest dependent (upapada) compound with a verbal derivative
(krdanta). For example, in Kumbhakarah (Kumbham karoti iti; who makes a
pot), meaning Potter, the suffix aN is added to the root kr only because of the
preceding object, Kumbha. Similarly, in Jaladah (Jalam dadati iti; that who
gives water), meaning Cloud, the word Jala (water) serves as the upapada for
the root da (to give), illustrating how these compounds inherently encode
karaka relations, such as karma (object), within a single lexical unit.
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Here is the Summary of Figure 9:

Chapter 1*: This chapter contains 246 sentences and 128 com-
pounds, resulting in a high compound ratio of 52 %. The substantial
presence of Tatpurusa and Madhyamapadalopin compounds indicates
a rich syntactic structure.

Chapter 2": This chapter has 590 sentences, the highest among
all, with 126 compounds, leading to a compound ratio of 21 %. The
lower compound density suggests simpler syntactic constructions de-
spite the large text volume.

Chapter 3" It comprises 278 sentences but with only 43 com-
pounds, resulting in the lowest compound ratio of 15 %. The limited
occurrence of compounds reflects a relatively straightforward and
less compact linguistic style.

Chapter 4™: This chapter comprises 390 sentences and features
106 compounds, resulting in a compound ratio of 27 %. The occur-
rence of Tatpurusa, Dvandva, and Upapada compounds indicates
moderate syntactic complexity.

Within the compounds mentioned in Figure 6, certain words have
nested compounds according to the lexical meaning and as per Rule
No. 1. These compounds are explained with examples in Section 4.2.
Now, see the types and frequency of nested compounds in Figure 7.

B Compounds

B Craandvas mddhita
Drvand v+ latpurus
100 <= B karmadhiraya+Ripurusa
B karmadhiryastaddhits
80 -+
B laipurusaEiaipunusa
. tatpurusastaddhita
10 -+
|
L I I

1= 2nd Frd ath Tl
Chaplers

Fig. 7. Total number of Nested Compounds and their types
in the NIOS text Geography in Hindi
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The 1* chapter has the highest compound diversity, featuring
tatpurusa-garbhaka-tatpurusa (13 examples) and karmadharaya-gar-
bhaka-tatpurusa (5 examples), indicating complex syntactic structu-
ring. The 4™ chapter also shows moderate richness with tatpurusa-
garbhaka-tatpurusa (3 examples) and karmadharaya-garbhaka-tat-
purusa (3 examples). In contrast, the 2" and 3™ chapters display mi-
nimal diversity, each containing only one instance of a complex com-
pound type, suggesting simpler syntactic patterns. Overall, the 1% and
4™ chapters are linguistically dense, while the 2™ and 3 lean towards
straightforward sentence structures.

5. Conclusion

This study has demonstrated that compound formation, particular-
ly nested vrtti structures, can be systematically analysed and repre-
sented within the Universal Semantic Representation (USR) frame-
work by incorporating principles from the Paninian grammatical
tradition. The primary purpose of grammar, as a structured system, is
to ensure clarity, precision, and consistency in the organisation and
interpretation of language. In this regard, Panini’s grammar provides
a highly systematic and rule-governed framework for both syntactic
and semantic analysis, which proves particularly effective for model-
ling compound structures. By identifying specific types of nested
compounds and formulating constraints, such as Rule 1 and its excep-
tions, this study establishes a principled method for capturing internal
hierarchical relations in compounds. In particular, the organisation of
samdasa based on the principle of s@marthya and the application of
Rule 1, wherever applicable, provide a structured mechanism for
compound analysis. At the same time, the selective relaxation of this
rule in cases such as nitya samdsa and relational constructions (e.g.,
gramasya prati-vrksam, devadattasya guru-putrah) highlights the
flexibility required to account for linguistic realities. The analysis fur-
ther shows that such a rule-based approach enables an accurate repre-
sentation of both structural and semantic dependencies in USR. An
evaluation using the USR-to-NLG pipeline with a large language
model demonstrates that explicitly encoded compound relations sig-
nificantly improve the quality of generated outputs. Unlike standard
translation systems, which tend to simplify internal structures, the
proposed approach preserves compound integrity and produces se-
mantically faithful outputs across languages.

222 Cxo0o03nascmeo, 2026, Ne 97



Compound formation and representation for computational processing...

Overall, this study highlights the importance of integrating tradi-
tional grammatical insights into computational frameworks. Analysing
compounds in USR under systematically defined conditions not only
simplifies complex linguistic structures but also enhances their us-
ability in natural language processing and machine learning applica-
tions. Future work may extend this approach to broader datasets and
explore automated methods for detecting and encoding nested com-
pound structures in multilingual contexts.

6. Appendix

The terms used in the USR are specific to the domain and may re-
quire clarification for readers unfamiliar with the context. Let us see
the complete definition and explanation provided in the Appendix be-
low, which will help clarify their meaning and relevance within this
study. Look at Table 9.

Table 9. Definition of the specific terms and Tags used

in the USR
Tag Relation/Full Definition
form

anim Animacy living beings unless it is a proper noun.

pl Plural —

k7t kala-adhikarana- | Time of the event.

karaka

quant Quantifier A limiting noun modifier expresses quan-
tity.

kda anubhava-karta | Experiencer

k2 karma-karaka That which the agent most seeks to encom-
pass with his action is called karma-karaka
‘object’.

rkl kalala-ksana Time is the referent of actual temporal in-
formation of the event.

opl First opponent One of the components of the conjunctive/
disjunctive unit.

op2 Second opponent | One of the components of the conjunctive/
disjunctive unit.

mod visesana The modifier.

head visesya The modified.
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0:main mukhya visesya | The main head in the sentence
kls karta-samana- The karta and its vi$esana reside in the same
adhikarana locus when the verb is copulative.
jiieya Knowable The object of the knowledge.
jhata Knower A person who knows.
k1 karta-karaka The most independent participant in an ac-
(agent) tion.
k2 karma-karaka locus of the result of the action.
(object)
rt tadarthya Purpose of the event.
k7 visaya- Location elsewhere.
adhikarana-
karaka
opl - First of the components of the conjunctive/
disjunctive unit.
op2 - The second component of the conjunctive/
disjunctive unit.
yoc - Years of the century.
per - Person
male - Masculine
[6-tat 1] |— sasthi-tatpurusa-samasa (where the non-
head element bears implicit genitive case)
prayojya |- The object/action for a purpose.
prayojana | — The purpose of some object/action.
upakarya |- The one being helped.
upakaraka |— The one providing help.
pratiyogi | — The entity whose relation is specified or
intended is called the Pratiyogi of that rela-
tion.
adhara - Container / location, where something
exists.
adheya - Contained / located, which exists some-

where.
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Cyoapwan Taymam, Cyxxada
®OPMYBAHHS TA PENPE3EHTALISI CKIAAHUX CJIIB
JIJIS1 KOMIT'IOTEPHOI OBPOBKMU:
NIAXIA YHIBEPCAJIBHOI'O
CEMAHTHUYHOI'O TPEJACTABJIEHHSA
3 MAHIHIHCBKOI NEPCIIEKTUBU

Po3yMiHHSI CeMaHTUYHOI CTPYKTYPH CKJIQJHUX YTBOPEHb € IIEHTPAJb-
HOIO TIPOOJIEMOIO SK Y TEOPETHYHIiH, TaK 1 B KOMIT IOTepHIN JIIHTBICTHIII.
Universal Semantic Representation (USR) 3abesneuye oOGuuCIOBaJILHO
MIPUIATHY CTPYKTYpy AJs perpe3eHTamii 3HaYCHHA y BHOPSAKOBAHHMNA Ta
MOBHO-HE3JIeXKHUH CII0Ci0, CHMPaoYrch Ha IHAIHCHKY TpaMaTHiHy Tpaju-
mito (Indian Grammatical Tradition, IGT). V oMy I0CTiIKEHHI IPHUHIIHA-
1 croBockiIamanHs [lariHi 3acTocoBYIOTECS 10 cTpykTypu USR 3 MeTor0
aHaJI3y CKJIQAHUX KOHCTPYKLIM 3 NMaHIHIMCHKOI IMepCreKTHBH. Xoda TaKi
MIPUHINIH, K akanksd (O4iKyBaHICTB) Ta yogyatd (CeMaHTUIHA y3TOIKe-
HICTB), € (pyHIAaMEHTAJIBHUMH JUIS CEMaHTHYHOI iHTeprperauii, mocimi-
JOKCHHST 0COOJIMBO IEMOHCTPYE, K CrenudiuHi MaHiHIHChKI 0OMEKECHHS,
BKJIFOYHO 3 “‘saviSesananam vrttir na” Ta “vrttasya va visesanayogo na”,
JIOTIOMararoTh PO3B’s3yBaTH HEOJHO3HAYHOCTI cepu Moaudikaropa B aB-
TOMAaTH30BaHUX CHCTEMAaX i CEMAaHTHYHOMY HapCHHTY. Y CTaTTi TAKOX PO3-
DISIA€ThCS BHYTPIIIHSA CEMaHTHYHA OPTaHi3allis CKIAIHUX BUpPA3iB Ta ie-
papxidHi BiTHOMIEHHS, [II0 BUHUKAIOTh Y BKJIAZICHUX 1 CKJIaTHUX KOMITO3HUT-
HUX KOHCTPYKIiAX. [HTerparmis nmux monoxeHs y cTpykrypy USR nemomn-
CTpYE, SIKUM YHHOM CEMAaHTHKA CKJIQJHUX yTBOPEHb, BiJHOIICHHS 3aJIeX-
HOCTI Ta KOHTEKCTyaJhbHa IHTEpIpeTamiss MOXYTh OyTH CHCTEMaTHYHO
penpe3eHToBaHi Mi>K MOBaMH JIJIsl KOMII'IoTepHOi 00poOku. [Ipuknanu, B3s-
Ti 3 TiAPYYHHKIB reorpadii MOBOO TiHIi, LTIOCTPYIOTH MPAKTHYHY 3aCTO-
COBHICTP 3allPOITOHOBAHOTO aHAJI3y Ta IMiJKPECIIOITh 3HAUCHHS TaHiHiN-
CHKOT TpaMaTUKU IIJISl PO3BUTKY KOMIT IOTEPHUX MiAXOIIB 10 CEMaHTUIHOL
penpesenranii Ta Natural Language Generation (NLG). ¥ nocmimkeHHi
npoananizoBano 1504 peyeHHs 3 mifpy4HUKiB reorpadii MOBOIO TiHII Ta
BCTaHOBJICHO, III0 IIUTBHICTH CKJIATHIX YTBOPEHB Y TEXHIYHUX PO3MIiTax Csi-
rae npubmu3Ho 52 %, Mo, CBOEK YEProko, 3yMOBIIOE HEOOX1THICTh CHUCTE-
MaTHYHOI JIOTiK{ JJIs PEeTpe3eHTAallil BKIaIeHUX KOMITO3UTHHX CTPYKTYD i
30epeKeHHS CEMaHTHYHOI MUTICHOCTI. Pe3ynpraTu cBiT4ars, Mo iHTErparis
NaHIHIACHKUX IpaMaTHYHUX MOJIoKeHb 13 USR poOuTh BaromMuii BHECOK y
mozem Natural Language Processing (NLP) ans iHAIHCEKHX MOB IIJISXOM
MIBUIICHHS CEMAaHTHYHOI TOYHOCTI, IHTEPIPETAIIIHOT MOCTITOBHOCTI Ta
KOMIT IOTepHOi penpe3eHTanii CKIagHIX MOBHHUX CTPYKTYp. JlocmimkeHHs
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MIKPECIIOE He3MIHHY aKTyalbHICTh TPATUIIHHUX 1HIIACHPKAX TpaMaThd-
HUX TEOpiil y cydyacHiil KOMII IOTEpHIH JIHTBICTHII Ta JOCTIDKEHHIX pe-
Tpe3eHTaii 3HaHb.

Kuarouosi ciioBa: vrtti, rpamaruka [laHini, ekarthibhava-samarthya, cno-
BOCKJIaJIaHHs1, CeMaHTH4YHa cyMicHicTh, Universal Semantic Representation
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