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Abstract

The itaretara dvandva compounds in Sanskrit exhibit two different senses - a conjunc-
tive and a disjunctive. This calls for a splitting a sentence into multiple sentences by
distributing the components of such a compound. The use of nested compounds with
itaretara dvandva as components of bigger compounds further complicate the matter,
since the constituency structure of such compounds do not capture the distributive sense
of the dvandva compounds. In this paper we illustrate the difficulties a reader faces
while understanding such compounds, with specific examples from the preliminary text
of Ayurveda - Astangahrdayam.

1 Introduction

Astangahrdayam (AH) is one of the important Indian treatises that deals with Ayurveda. This
text authored by Vagbhata addresses eight branches of Ayurveda viz kaya (general medicine),
bala (child and woman care), graha (idiopathic diseases), urdhvanga (ENT and dental), Salya
(surgery), damstra (toxicology and forensic sciences), jara (geriatrics) and wvrsa (aphrodisiacs).
It consists of 120 chapters divided into six sections. This being one of the foundation level
text, around first 15 chapters of this text are included in the first year of Bachelor’s course on
Ayurveda for study. Other chapters, being specialised branches, are included in the syllabus in
later years.

With the current emphasis of the National Council for the Indian System of Medicines
(NCISM) encouraging students to read original Sanskrit texts in Ayurveda, we planned to
develop an e-reader semi-automatically for the first few chapters of AH, using Samsadhani.!
The e-reader provides us with the following information to the user: The original $loka, its
sandhi split version, the morphological analysis of each word, also the compound analysis
showing the constituency structure and the type of a compound, the dependency graph
providing the sentential structure exhibiting the karaka relations among the words, the prose
order of the verse and the dictionary meanings of each word.

Students who join a bachelor’s course on Ayurveda typically have just a preliminary knowl-
edge of Sanskrit and in some cases students have all their school education through English
medium and thus hardly have any exposure to Sanskrit language let alone Sanskrit grammar!
In such a scenario, the e-readers come as an aid to the teachers who can concentrate more
on teaching students how to ‘understand’ a text in origin, with the help of the grammatical
information provided by the Samsadhant platform.

In this paper, we show how some constructions with dtaretara dvandva pose problems in
understanding the semantics. In the next section, the convention for drawing a dependency
tree of a sentence/verse is explained, followed by the description of the associated semantics.
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This is followed by a short discussion on various semantics associated with the itaretara dvandva
compound. The third section discusses six constructions involving itaretara dvandva and the
challenges they throw while representing the semantics through the dependency trees and the
solutions thereof. This is followed by a conclusion summerising the observations.

2 Dependency Tree and Associated Semantics

Samsadhant platform provides e-readers for various texts. These e-readers are built semi-
automatically using the existing tools on the platform. The steps followed for generation of
the e-readers are as follows.

1. Padaccheda: First the given verse is sandhi-split using the Heritage segmenter? augmented
by the statistical ranking module (Krishnan et al., 2024) which provides a sandhi split
version of the text. Machine marks the sandhi split between the compound components
with a ‘-’; while the split between the words (padas) with a space. This is further manually
verified by a human and corrected if necessary.

2. Vakyaccheda: In this step, a human being reads the input sentence/verse, and decides to
split it into multiple units termed sentences, following the Katyayana’s definition - eka-tin-
vakyam, if necessary. Since the dependency parser? is developed following the grammarian’s
theory of verbal cognition, every sentence should have a verb in it in order to get a parse.
If the verse does not have a finite verb, then a finite verb such as asti / bhavati / vartate
etc. is supplied manually. After splitting, if needed, words are borrowed from the previous
part.

3. Each of such sentences is then fed separately to the Anusaraka engine of Samsadhani. This
module produces complete analysis of the input text, by providing all the possible mor-
phological analysis of each word, and chooses the appropriate morphological analysis in
the given context, by carrying out the sentence level analysis. The relations between the
words are proposed, and again, based on the heuristics and ranking algorithm, appropriate
karaka/non-karaka relation between the words is chosen, which is represented as a depen-
dency tree. Kulkarni (2019) and Kulkarni (2021) describe the complete algorithm for this
step.

4. The parsed output produced in the previous step might not be perfect. At this stage,
human being chooses the correct relation from among the possible relations, and makes
sure that the parsed output is correct, and is faithful to the meaning as described in the
commentaries.

5. The solutions thus approved by the human beings are then presented to the readers in a
format as shown in Figures 1, 2 and 3.

Figures 1, 2 and 3 give a snapshot of a page of the e-reader for the first gadya-sutra of AH.
Figure 1 shows the original gadya-sutra at the top. Figure 2 shows its analysis in a table. Figure
3 shows the dependency tree that shows the relations between the words in the input text. The
words are linked to the four dictionaries Sanskrit-Hindi (Apte 1890), Sanskrit-English (Monnier-
Wililliam 1899), Sanskrit-French (from Sanskrit Heritage platform of Gérard Huet, 2002-2025)
and Cappeller’s Sanskrit German (1887) dictionary.

This dependency tree displays semantic information that can be extracted from a sentence
using the constraints of Akanksa (expectancy), Yogyata (mutual congruity) and Sannidhih
(proximity). The term ‘semantics’ is understood differently in different contexts. For the
purpose of this paper, we define a semantic representation as one that reflects the meaning
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of the text as it is understood by a language speaker(Abend and Rappoport, 2017). The
fundamental component of semantic representation of a text is the argument structure - who
did what to whom, where, when, why, how, etc.. Panini’s karaka theory provides the basic
semantics of a sentence. The dependency parse tree produced by Samsadhani marks these
karaka relations and also several non-karaka relations. The tagging guidelines? provide a
complete list of all tags that are currently being used.

The semantics associated with various syntactico-semantic relations (karaka as well as non-
karaka) is provided by Panini in Astadhyay1 through their definitions. These definitions provide
the semantics associated with the labels on the edges of the tree. However, the semantics
associated with the nodes which represent the concepts is not marked in a dependency tree.
In this sense, a dependency tree does not completely represent the semantics associated with
a sentence. Nevertheless, assuming that the reader deciphers the meaning associated with the
words and the fact that a dependency tree provides an argument structure associated with the
sentence, a reader can understand the meaning of the sentence provided s/he can decipher the
concepts associated with the words.

A few lines about the conventions followed in drawing the dependency tree are in order. The
relations are between the meanings associated with the stems, and not the padas. The suffixes
associated with the stems are the indicators of various relations. In the dependency trees, we
mark the relations between the padas and not between the stems - nominal (pratipadikas) or
verbal (dhatus) roots, because these diagrams are meant for the readers to understand the
original text. If the node labels correspond to the stems, a reader without good grammar
knowledge may face difficulties in linking the stems with the word forms in the given text.
The edges are directed, with the head of an arrow pointing towards the node having the role
denoted by the label on the edge. Thus an edge labeled karma of an activity points to a node
which is the karma of that activity.

Thus from the dependency tree such as Figure 3, one can get semantics of the input text
as ayuskamiyam is an adjective of adhyayam, which is the karma (goal) of the activity of
elaboration, the indeclinable atha attached to the verb by kaladhikaranam (location of time)
states that the activity will begin now. Finally, the other indeclinable atah connected to
the verb is a discourse element that marks a relation of this sentence to the previous one,
indicating that the activity of elaboration is the result (of some curiosity). Since a dependency
tree shows the relations of words within a single sentence, this relation is marked simply
by a generic word sambandhah (relation). The table in Figure 2 shows the morphological
analysis of each word, followed by the dependency analysis. The colors indicate the Part
of Speech(POS) category viz. an indeclinable, a noun and a verb. Within nouns, different
colors are used to indicate different case terminations (vibhaktis). Thus a student who has
‘understood’ the grammar but not memorised the word forms etc. still with the help of the
analysis table shown in Figure 2 can understand the meaning of the input text. But the word
meanings are not marked in the dependency tree, for which s/he can rely on the linked dictio-
naries. This is very close to the sabdabodha, the understanding, one gets after hearing a sentence.

While to a large extent these dependency trees help in ‘understanding’ the original text,
during the development of an e-reader for the AH, we came across some constructions a) that
use dvandva (copulative) compounds, especially the iteratara dvandva, and b) the words kramat
or kramena, similar to ‘respectively readings’ (Chaves, 2012) in English, that pose problems in
faithful syntactic representation providing the desired semantics.

‘https://sanskrit.uohyd.ac.in/scl/GOLD_DATA/Tagging_Guidelines/



2.1 Semantics of Dvandva compound

Dvandva, according to Panini, is employed in the sense of ‘ca’ (and). This ca, as Joshi and
Roodbergen (1997, p70) note,

may mean either the two (or more) components are jointly (or simultaneously)
involved in an action or that they are involved each independently (or separately) of
each other. In the former case ‘ca’ takes a conjunctive sense and in the latter case it
takes a disjunctive sense.

As illustrated by them further, in the sentence, ramalaksmanau gacchatah, both rama and
laksmana go together and not independently. For the latter usage, they provide an example
from the Astadhyay1l. In the sutra saptamivisesane bahuvrihau (A 2.2.35), the dvandva com-
pound saptamivisesane provides the disjunctive sense viz. either a component ending in the
seventh case termination or a component functioning as a qualifier, in the case of bahuvrihi
compound is placed at the beginning of a compound. We notice one more usage of dvandva in
the Astadhyay1, where the sutra yatha sankhyam anudesah samanam (A 1.3.10) governs. In the
sutra eco’yavayavah (A 6.1.78), the four letters denoted by the pratyahara eC viz. e,o,ai,and
au change to ay, av, ay and av respectively, if followed by a vowel, in close proximity. Here the
dvandva compound ayavayavah is not only disjunctive, but there is also a sense of respectively.
We notice the same disjunctive usage and the sense of ‘respectively’ in the instances of dvandva

found in AH.

3 Challenging Syntactic Structure in AH

AH deals with Ayurveda where all the discussions revolve around the three dosas (humors)
viz. wvata, pitta and kapha. This naturally results in the use of a dvandva. We also see a very
prominent use of kramena or kramat either explicitly or implicitly (through adhyahara/anvvrtti)
throughout this text. We look at a few constructions we came across in AH with these two
features and discuss the problems in representing their semantics compactly without deviating
from the syntax.

A) Consider the following hemistich from AH.

[1] Skt: taih bhavet visamah tikspah mandah ca agnih samaih samah (AH.Su.1.8.2)
Eng Tr: These three dosas result in three types of digestive fires, viz. wvisama (un-
steady or erratic), tikspa (increased) and manda (decreased). When the three dosas
are balanced in the body, the digestive fire is also balanced.

For proper interpretation, we need to borrow the word kramat from the previous part of

the sloka. Further this part of the verse consists of two sentences® viz.

[2] Skt: taih bhavet visamah tikspah mandah ca agnih (kramat).
[3] Skt: samaih samah (agnih bhavet).

The first part borrows the word kramat from the previous sloka and the second part borrows
agnih bhavet from the first part. The dependency tree corresponding to the first part is
shown in Figure 4. In this sentence, the pronoun taih refers to the three dosas viz vata,
pitta and kapha. The borrowed word kramat is enclosed in parentheses to indicate that
this is not part of the original verse. Mandah, conjoined with tiksnah and visamah is
the predicative adjective (vidheya visesana) of agnih.” Therefore, the above sentence is
semantically equivalent to a set of three sentences, viz.

5 carthe dvandvah (A 2.2.29)

SWe follow the definition of sentence as ekatinvakyam as given by Katyayana.

"Here all the three viz. mandah, tiksnah and visamah together are the predicative adjectives, and hence they

are stored in a box. The arrow labeled vidheyavisesana is pointing towards mandah. For more details regarding
the representation of ca in the dependency parser, refer to Panchal and Kulkarni (2019)
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samuccaya_dyptakah

Figure 4: Dependency tree for Sentence [2]

[4] Skt: wvatena agnih visamah bhavet.
[5] Skt: pittena agnih tiksnah bhavet.
[6] Skt: kaphena agnih mandah bhavet.

The dependency trees corresponding to these three sentences are shown in Figure 5 which
together are semantically equivalent to the dependency trees in Figure 4. Here, the presence

etuh |karta

idheya_viSesanam

Figure 5: Dependency tree for sentence [2] after redistribution

of three different words, viz visamah, tiksnah and mandah facilitated the division of the verse
into three separate sentences with repetition of the verb bhavet along with agni. Note that
this information cannot be compactly represented in a single dependency tree, since there
is no direct relation between the components of a compound and the three predicative
adjectives. Secondly, for the development of any reasoning or question answering system
following the knowledge base approach, we need this information explicitly marked. From



the Machine Translation point of view, however, this does not pose a problem, since such
constructions typically go across the languages.

Next we see the tenth verse from AH where the predicative adjective is a dvandva compound.
Since dvandva compound is a nityasamasa,® splitting such a sentence becomes impossible
without rewriting it.

[7] Skt: taih ca tisrah prakrtayah hina-madhya-uttamah prthak. (AH.Su.1.10.1)
Eng Tr: Due to the dominance of a single dosa body’s constitution is classified into
three types vata prakrti, pitta prakrti, and kapha prakrti, which are hina (poor), madhya
(moderate), and uttama (good), respectively.

Since there is no verb in this part, we supply a verb bhavanti. The dependency tree for
sentence [7] is as shown in Figure 6.

kriyavisesanam [karta hetuh

18esanan

vidheya_viSesanam

Figure 6: Use of a compound

The pronoun ‘taith’ as in the previous case refers to dosaith. The adverb prthak is respon-
sible for expressing the three different prakrtis resulting from the three dosas. Underlying
semantics is collective semantics of the following three sentences viz.

[8] Skt: watena prakrtih hina bhavati.
[9] Skt: pittena prakrtih madhya bhavati.
[10] Skt: kaphena prakrtih uttama bhavati.

Since hina-madhya-uttamah is one word, we need to distribute its three components viz.
hina, madhya and uttama over three dosas, the pronoun tat refers to. Corresponding three
dependency trees would be as shown in Figure 7. As in the previous case, here also we do
not see any direct relation between the components of the compounds with three dosas,
and thus it is impossible to represent this information compactly in a single dependency
graph that can represent the desired semantics. As in the previous case, here also such

8 Nitya-samasa does not have a sva-pada-vigraha-vakya, a meaning-paraphrase.



constructions may not pose problems from Machine Translation point of view, since most
of the frquently used languages have such constructions.

etuh \kartd

vilena pittena

idheya_viSesanam idheya_vifesanam idheya_viSesanam

Figure 7: distribution of compound components

C) These cases were easier. Let us now look at some more problematic cases. Consider the
verse

[11] Skt: vayohoratribhuktanam te ntamadhyadigah kramat (AH.Su.1.8.1)

[12] Segmented: vayah-ahah-ratri-bhuktanam te anta-madhya-adi-gah kramat bhavanti.
Eng Tr: Vata, pitta and kapha are predominantly present in the last, middle and
first stages of age, day, night and digestion respectively. In other words, vata is
predominantly present in the last stage of the life (old age), the last stage of the
day (evening hours), the last stage of the night (ending hours of the night) and the
last stage of the digestion (end of digestion). Pitta is predominantly present in the
middle stage of the life (middle age), the middle stage of the day (midday), the
middle stage of the night (midnight) and the middle stage of the digestion (during
the process of digestion). Similarly kapha is predominant in the first stage of the life
(childhood), the first stage of the day (morning hours), the first stage of the night
(starting of night hours), and the first stage of the digestion (beginning of the digestion).

Here, the pronoun te refers to dosas which are three in number. The other two nouns are
compounds, with three and four components each, with one compound having a genitive
relation with the other one. Thus, the dependency tree for this $loka is as shown in Figure
8.

From this dependency tree, we understand that, te, i.e. the dosas, respectively (kramat) are
present at the end, in the middle or in the beginning. Here we have taken the distributive
meaning, due to the presence of the word kramat. There is an expectancy: end of what,
middle of what and beginning of what. This expectancy is fulfilled by the compound with
genitive case termination - vayah-ahah-ratri-bhuktanam ( of the age, of the day, of the night
and of the digestion process). The three positions viz. the beginning, middle, and the end
are to be distributed over time-slots of the life, day, night, and the duration of the digestion
process.

The meaning then is wvata, pitta, and kapha dominate the end, the middle and the
beginning part of one’s life, of the day, of the night and of the digestion process. There
is a disjoint reading of te with the three components of the compound anta-madha-adi
respectively. The components of the compound vayah-ahah-ratri-bhuktanam get attached
to each of the component of the compound adi-madhya-anta-gah resulting into 3*4=12



kriyavisesanam
kramat

vidheya_visesanam

sasthisambandhah

vayah-ahah-ratri-bhuktanam
Figure 8: Dependency tree for AH 8.1

combinations. The dependency tree in Figure 8 may be redrawn, by replacing te with
vata-pitta-kapha, as in Figure 9, explicitly marking the relation between the components
of various compounds. However, as we notice, the graph becomes very clumsy from a
readers point of view. Also, the role of the component gah in this representation is not clear.

The question one may ponder upon now is - Is this explosion into various possibilities by
multiplication due to different numbers of components in the two compounds, or due to the
genitive marker, or due to the meanings involved, or due to the extra-linguistic context?
Discussion pertaining to these questions is out of scope of this paper.

As discussed earlier, here also from the reader’s perspective, it may be better to represent
these as twelve different trees. This also facilitates the Questions-Answering system. Fur-
ther from the machine translation point of view, not all languages, such as English, allow
the distribution of the components of a compound in genitive with the components of a
compound with which the genitive compound is related to. This is obvious from the English
translation of the verse.

arta

vita- pitta- .
| '.l
# Y \
kramat madhya- .
N

/Xm

vayah- ritri- bhuktinam

Figure 9: Replacing the pronoun by its referent



D) Consider the following part of the seventh $loka from AH.

[13] Skt: wikrtavikrta deham ghnanti te vartayanti ca. ( AH.Su.1.7.1)
Segmented: vikrta-a-vikrtah deham ghnanti te vartayanti ca.
Eng Tr: These three humors cause diseases in the vitiated state and keep the body in
healthy condition when they are in the equilibrium state.

Figure 10: Dependency tree for Sentence (14)

The dependency tree for this sentence is shown in Figure 10. In this tree vikrtavikrtah is
marked as a karta of ghnanti and the pronoun ‘e’ which is karta for vartayanti refers to
vikrtavikrtah. Hence from the graph one gets the interpretation that both the wvikrta and
avikrta dosas kill the body and also reside in the body.

The commentaries, on the other hand, state that the two components in this dvandva
compound are distributed over the two verbs. The dependency tree in Figure 11 represents
the interpretation in the commentary.

samuccitah

deham ca

iaarﬁmaréah

vikrta-

Figure 11: Dependency Tree showing associated semantics

In this example, in addition to having a distributive use of the components of dvandva,
there is an additional anomaly that the pronoun te refers to only a part of the compound
(eka-deSa-paramarsa) as shown in Figure 11!

E) Consider the following sloka



[14] Skt: kalarthakarmanam yogo hinamithyatimatrakah
samyagyogasca vijneyo rogarogyaikakaranam (AH.Su.1.19)
Segmented: kala-artha-karmanam yogah hina-mithya-atimatrakah
samyak-yogah ca vijieyah roga-arogya-eka-karanam
Eng Tr: Less, more, or wrong unison of time, senses, and functions is the reason for
the disease, and right unison of these three factors is the reason for the healthy state.

Here the compound roga-arogya-eka-karanam has two components which themselves are
compounds viz. roga-arogya and eka-karapam. (See Figure 12). The constituency analysis
for the compound is ((roga-arogya)-(eka-karanam)) and in the sentential analysis, the
components of sub-ordinate compound, roga and arogya, get distributed over the second
constituent, eka-karanam, of the matrix compound, resulting into raga-eka-karanam and
arogya-eka-karanam respectively.

<roga-arogya-=>(itaretara-dvandval) <eka-karanam=>(karmadharayah)
roga- arogya eka- karanam

Figure 12: compound structure

If we look at the meaning of this verse, we note that two reasons are being described
- one for the diseased state (roga-eka-karanam) and the other one for the healthy state
(arogya-eka-karanam). In the constituency tree, we do not have nodes corresponding to
roga-eka-karanam and arogya-eka-karanam as in the previous example. Hence in this case
we need to split the sentences into two as below.

[15] Segmented: kala-artha-karmanam yogah hina-mithya-atimatrakah vijneyah roga-eka-
karanam

[16] Segmeted: samyak-yogah ca vijneyah arogya-eka-karanam

The first part has a compound that is modified by another compound with genitive marker,
each of them having three components, thus amounting to nine combinations!

The dependency tree for this sloka is represented in Figure 13.

This is a case, where the constituency structure does not help in understanding the un-
derlying meaning of the compound! This necessitates the splitting of the input text into
separate sentences. It is also obvious that modern Indian languages and English do not
allow such constructions, which is again a challenge for Machine Translation.

F) Here is the final example from the AH.

[17] Skt: samsargah sannipatasca taddvitriksayakopatah. (AH.Su.1.12)

[18] Segmented: samsargah sannipatah ca tat-dvi-tri-ksaya-kopatah.
Eng Tr: The vitiation of any of the two humors is called samsarga and the vitiation of
all three humors is called sannipata.



viSesanam karmasamanadhikaranam

sasthisambandhah karmasamanadhikaranam

visesanam

kala-artha-karmanam samyak

Figure 13: Dependency Tree for AH 19

tat-dvi-tri-ksaya-kopatah (kramena) —
samuccitah

Figure 14: Dependency Tree for example 15

The dependency tree for this is shown in Figure 14.

There are two substantives viz. samsargah and sannipatah that are collectively karta for
the supplied verb bhavati. What is problematic in this example is the compound. It has 5
components with two dvandva and two sasthi-tatpurusas (See Figure 15). The first dvandva
is between two numerals, viz. dvi and tri. It is obvious from the semantics of the words
involved that the interpretation of <dwi-tri> is disjunctive 2 or 3, and not conjunctive 2 and
3. The second dvandva compound is ksaya-kopatah, again these two words have opposite
meanings. Hence here also there is a disjunctive reading . Further we have a sasthathi
tatpurusa of these two compounds resulting into ((dvi-tri)-(ksaya-kopatah)). This compound
is interpreted in the current context as dvi-ksaya-kopatah or tri-ksaya-kopatah, and not as
dvi-tri-ksayatah or dvi-tri-kopatah! Thus, we note that here, as in the previous example,
the constituency analysis of a compound is not sufficient to interpret the compounds. We
further need the context and the domain knowledge to interpret them. In the context
of AH, from the commentaries, we gather that this hemistich means ksaya (loss) or kopa
(imbalance) of two dosas is termed samsarga and the ksaya (loss) or kopa (imbalance) of
three of them is termed sannipata. Thus, in order for a reader to get the correct reading, one
may represent it as in Figure 16. We notice that such constructions are again problematic
from the point of view of translation as well as understanding.

4 Conclusion

The dvandva compounds may have either a conjunctive or disjunctive meaning. It is the
linguistic and sometimes even extralinguistic context that is instrumental in deciding the
appropriate sense of the dvandva compound. All the examples from AH we discussed exhibit
the disjunctive sense.



<tat-dvi-tri-ksaya-kopatah>(sasthi-tatpurusah)

<dvi-tri-ksaya-kopatah>(sasthi-tatpurusah)

N

<dvi-tri>(dvandvah) <ksaya-kopatah>(dvandvah)
dvi tri ksaya kopatah

Figure 15: constituency structure

hetuh

/@ uh

h samuccaya_dygtakah \karta art
tat-dvi-ksaya-kopatah ca

Figure 16: Compound splitting

tat-tri-ksaya-kopatah

In some cases we saw eka-deSa-paramarsa, where a pronoun is used to refer to a component
of a compound. In some other cases the disjunctive use resulted into distribution of components
leading to new compounds that are not part of the constituency structure, making it impossible
to represent the syntax using dependency tree without splitting the given verse/sentence
into two. We conclude that in all these cases of iteratara dvandva with a disjunctive sense,
it is appropriate to divide the sentence into multiple sentences to provide transparent semantics.

The use of iteratata dvandva alone is not problematic from the Machine Translation point
of view. But the presence of two or more such compounds in the same verse/sentence, or the
use of embeded itaretara dvandva in other larger compounds, is problematic for translation into
another language. Sanskrit allows complex compound structures, which are problematic from
understanding point of view. Since modern Indian languages and also English do not allow such
complex compound constructions, they are problematic from the translation point of view as
well.
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