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Abstract

The Vijayanagara Empire stands as a significant epoch in Indian history. Exerting a profound
and lasting influence on the cultural, educational, and economic development of southern India,
particularly in the regions corresponding to present-day Karnataka, Andhra Pradesh, and
Tamil Nada. This period was marked by extraordinary advancements in intellectual and artistic
pursuits, fostering an environment that enabled the proliferation of knowledge across multiple
disciplines. Beyond the celebrated contributions of eminent scholars and the distinguished
Astadiggajas, who played a crucial role in shaping the educational and literary landscape,
the rulers of the Vijayanagara Empire were equally remarkable. These kings were not only
adept administrators but also patrons of the arts, literature, and scientific inquiry, significantly

enriching the intellectual and cultural heritage of this region.

Among the illustrious figures of this era, Bhipala Tippa Gopendra of the Saluva dynasty
remains largely overshadowed despite his significant intellectual contributions. His scholarship
spans multiple domains, particularly in musicology and astronomy, where his works exhibit
a remarkable synthesis of mathematical precision and artistic insight. This interdisciplinary
approach reflects the intellectual traditions of the Vijayanagara period, where scientific inquiry
and artistic expressions were not differentiated but deeply interconnected.Among his known
works, three stand out: Tantraratna, an astronomical treatise; Taladipika, a comprehensive
study on music systems; and Kamadhenu, a commentary on Vamana’s Kavyalankara Sitra
Vritti. This thesis delves into two of his works, Tantraratna and Taladipika, through an analysis

of primary manuscripts.

The first section of this thesis examines the Candravakyas presented in Tantraratna.
These vakyas are decoded, mathematically analyzed, and their underlying principles are
explored alongside a comparative study with earlier works by Madhava and Vararuci,
assessing their methodological continuity and advancements.The second section focuses on
the concepts of tala, particularly the Prastara methodology as discussed in Taladipika. Tala
Desa Pranas, Magadesi and Prastara systems are studied with references to earlier texts
such as the Natyasastra and Sangita Ratnakara. Through this study, the enduring relevance of
Tippa Gopendra’s intellectual legacy is brought to light, reaffirming his place in the scholarly

traditions of medieval India.
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0.1 About the author:Tippa-Gopendra-Bhupala

Tippa-Gopendra-Bhiupala (1423-1446 CE) is a multifaceted visionary ruler of the Saluva
dynasty. Though not widely known, he made significant contributions to various socio-cultural
spheres. Tracing his lineage, Tippa was the grandson of Saluva Tippa and the brother of Saluva
Tirumalaraya, who held the position of viceroy in Vijayanagara. Some texts also suggest that
he was married to Harima, the elder sister of Deva Raya II, and was appointed as a governor

under Deva Raya II before later serving in the viceroyalty of Mulbagal.!

Tippa’s ruling chronicles have been largely lost in history or remain inadequately studied.
However, his contributions across multiple disciplines are highly valued in their respective
fields. He is currently credited for authoring Tantraratna (an astronomical treatise), Taladipika
(a musical work), and Kamadhenu (a commentary on Vamana’s Kavyalankara Sitra Vrtti).
Apart from these, Kamadhenu suggests the existence of an additional’treatise on 7Tala,
alongside Taladipika. It also alludes to a work on Natya, neither of which has been recovered.
Even the extant works remain largely unexplored. This lack of comprehensive study has
constrained the potential contributions these texts could offer to both artistic and academic

disciplines.

Kamadhenu (KD), a commentary on Vamana’s Kavyalankara Sitra Vrtti®, has recently
gained recognition, solidifying Tippa’s position as a significant figure in Sanskrit

Alankara literature.  The revival efforts of Sri Krsna Siri*

have brought this work
into scholarly focus, unveiling a literary gem of its kind. Sri Krsna Siri has also
published a critical edition of this commentary. Vamana’s treatise is structured into five
main sections and Tippa systematically addresses these in twelve of his chapters.These
include,Kavya-prayojana-pariksanam (purpose of poetry), Adhikari-vicarah (who 1is
qualified to compose poetry), Kavya-anga-kavya-bheda-pratipadanam (poetic elements
and types of poetry), Pada-padartha-dosa-tattva-vivecanam (words, meanings, and poetic
faults), Vakya-vakyartha-dosa-prapaiicanam (faults in sentences and their meanings),
Guna-alankara-bhedah evam sabda-gunah (classification of poetic qualities and ornaments,

including qualities of words), Artha-gunah (qualities of meaning) and Sabda-alankarah

(figures of speech).



This work holds immense significance for contemporary literary scholars and poets, offering
valuable insights into the foundational principles of poetry.

Tantraratna (TR) is an astronomical treatise of the Vakya school, systematically structured into
five sections. A key focus of this text is the treatment of Candra-vakyas—a set of 248 coded
statements formulated to determine the true longitude of the Moon. These vakyas are primarily
derived from the parameters of the Sirya Siddhanta, a foundational work in Indian astronomy.

This text will be dealt in detail in the first part of this thesis.

Taladipika (TD) is a comprehensive work on music comprising three chapters: Margatala
Vivekah, Desitala Vivekah, and Margadesitala Prastaradi Nirupanam. The first chapter
introduces fundamental terminologies of fala and elaborates on the marga talas. The second
focuses on desi talas and the final chapter explores the prastara system. The concept of
‘Tala-Dasa-Prana, which forms the core of the modern Indian rhythmic system, was first
documented during the Vijayanagara period, appearing for the first time in Taladipika by
Saluva Gopa Tippéndra. A more in-depth discussion of this text is provided in Section 2 of
this thesis. The following extracts from the aforementioned works serve as direct evidence of

Tippa’s authorship. ' 2 3 4
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Sources of Vijayanagara History, S. Krishnaswami Ayyangar (1919), pp. 12, 21, 22, 30.
2The Journal of the Madras Music Academy, Vol. 4 (1933), pp. 51-52.

3Studies in Indian Literary History, P. K. Gode (1953), p. 210.

4Kavyalarkara Sitra Vrtti, with the commentary Kamadhenu, edited by Sri Krsna Siri, 1909.
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Part 1 : Tantraratna



Chapter 1

Tantraratna

The Vakya system is one of the oldest and most prominent methodical marvels in the
history of Indian astronomy. A lineage of proficient mathematicians have devised methods
to obtain the longitude of the Moon with an accuracy of up to seconds. Beginning with
the Girnah-sreyadi-vakyas of Vararuci (400 CE) to the recent mastermind, Sargamagrama
Madhava (c. 1340 — c. 1425) of the Kerala School, the developments in the astronomical
realm have been immense. Both the Vararuci and Madhava vakyas are popular and have been
greatly revived.Tippa Gopendra, a contemporary of Madhava, has formulated his own unique
set of vakyas. The present section examines his contributions to candravakyas, providing a

systematic decryption, mathematical analysis, and comparative study with earlier systems.

The vakyas numbered 11, 130, 162, 209, and 210, along with the sequence from 93 to
100, are identified as erroneous.Corrected values and alternative vakya structures are proposed.
A notable trend of similarity is observed between the Tippa Gopendra vakyas and the Madhava
vakyas. The computational analysis using Surya Siddhantic parameters is performed further

revealing its characteristics and astronomical significance.

1.1 Introduction

Astronomy has always been a subject of great interest in the Indian subcontinent.Its
unequivocal correlation with principles ranging from the measurement of time to astrology
has been fundamental in preserving its integrity. Though its foundations lie in the Vedic ethos,
it has provided substantial scope for skepticism and advancement.The primary objective of

Indian astronomy has been to investigate and understand the motion of planets and planetary



phenomena[SS]. The following topics are elaborately addressed:

* Calculation of longitudes (positions) of planets

* Computation of the elements of the Paricariga

¢ Determination of direction, location, and time

* Calculation and projection of solar and lunar eclipses

* Phenomena related to the Moon, including heliacal rising and setting, lunar phases, the
elevation of lunar horns, and the Moon’s daily motion

* Phenomena related to planets, such as heliacal rising and setting, planetary conjunctions, and

conjunctions with stars

A vast corpus of astronomical literature produced in India since the time of Aryabhata
(c.499 CE) is generally classified into Siddhantas, Tantras, Karanas, and Vakyas, in decreasing
order of theoretical content [3]. Among these, the Siddhantik texts are complex and extensive
due to the rigorous computational methods and algorithms employed in determining planetary
longitudes and other astronomical quantities. Currently, the most widely followed text in the
Siddhantas is the Surya Siddhanta (early 5th century CE), which presents its principles across
fourteen chapters.One might question the credibility of these ancient texts, as most implied
models of that period were effectively geocentric. However, it should be noted that Aryabhata
had already proposed that the Earth rotates on its axis, and Nilakantha later suggested that
the inner planets revolve around the Sun, while their mini solar system still revolved around
the Earth [4].Though such differing opinions on planetary motion continued to be debated,

astronomers did not restrain their research.

The Paricanga is a precise almanac system developed to envision daily time through
astronomical parameters. It consists of five (parica) principal elements: 1.7ithi (lunar days),
2.Karana (half-Tithis), 3.Naksatra, 4.Yoga, and 5.Vara(weekday)[SS]. The Tithis are 30
subdivisions of the lunar month, measured from one new or no moon to the next. They
correspond to successive 12-degree increments of the Moon’s motion relative to the Sun. Thus,
when the Moon is positioned in the range of 0° to 12° ahead of the Sun, it corresponds to the
first Tithi,positioned 12° to 24° ahead- corresponds to the second and so on. Determining the
Tithi at any instant requires the instantaneous true longitudes of both the Moon and the Sun. For

these computations the Siddhantic methods were rigorous, and as all calculations were handled



manually, this system in particular, demanded an efficient and accessible alternative. The
Faricangakaras (calendar-makers) devised a simpler methodology [5], which led to appraisal

Karana and Vakya systems.

1. The Vakya System:

The Vakya system represents a school of thought that primarily involves codifying numerical
outputs in the form of linguistic arrays or vakyas. The term vakya literally means a sentence
or a string of words. However, in the context of astronomy, the term vakya has a very special
connotation, referring to a set of phrases or sentences that are primarily meant to convey
numerical values associated with various astronomical parameters [2]. These vakyas are
strategically constructed, even with mathematical ciphering, they remain words of wisdom that
evoke moral principles [1](most times). The vakyas can be broadly divided into two kinds:

1. Those that present the true longitudes of the planets at certain regular intervals.

2.Those that present certain other numerical values that aid the computation of the true
longitudes.

In either case, the numerical values they present are given at regular intervals of time. In fact,
the essence of the vakya method lies in recognizing the periodicities of certain astronomical

phenomena and utilizing them to simplify the computational scheme [2].

The system for determining the true longitude of various planets has been radically simplified
with the invention of the vakya methodology. Previous procedures, as outlined in various
Siddhantas, were more indirect and cumbersome, requiring the determination of the mean
longitude followed by corrections using samskaras. The vakya method, however, does not
resort to corrections using tedious sine functions [1]. In most cases, encryption follows the
Katapayadi system, attributed to Vararuci[2]. This is a system of encoding numerals as words
by substituting each digit with a character. Each of the h, <, U, ¥ characters is assigned the
number 1, and successive characters are assigned the numbers 2 and so on. The complete key

is pictorially represented in Fig.2.1.



2.Works in the vakya system:

The canonical text of the Parahita system, Grahacaranibandhana by Haridatta, a renowned
seventh-century astronomical manual from Kerala, introduces vakyas for the manda and
Sighra corrections. A more comprehensive and fully developed vakya system is outlined in
the well-known 13th-century karana text, Vakyakarana, which presents direct computational
methods for determining the true longitudes of the Sun, the Moon, and the planets. Manuscripts
of this work are preserved in various repositories across South India, particularly in Tamil Nadu.
Scholars Kuppanna Sastri and K. V. Sarma estimate its composition between 1282 and 1316
CE. Though the author remains unidentified, linguistic and textual evidence suggests that he
was likely from the Tamil-speaking regions of South India. This work also has a commentary
titled Laghuprakasika, composed by Sundararaja from Karci near present-day Chennai. The
treatise draws extensively from the Mahabhaskariya and Laghubhaskariya of Bhaskara I, who
belonged to the Aryabhata school, and incorporates principles from the Parahita system of
Haridatta, which was widely followed in Kerala. Madhava of Sangamagrama (c. 1340-1425),
the pioneer of the Kerala school of mathematics and astronomy, authored two seminal works:
Venvaroha and Sphutacandrapti. The former is considered an updated version of the latter
[madhava]. Madadhava also devised an ingenious method wherein vakyas could be utilized
to compute the true longitudes of the Moon at nine distinct instants throughout a given day,
significantly mitigating interpolation errors. Additionally, he introduced the Aganita system
for planetary position computations. Although his workAganitagrahacara remains unedited,

manuscripts of this text are extant [6].

While Vakyakarana and the works of Madhava primarily catalog vakyas and outline
computational techniques for planetary longitudes, it is the Karanapaddhati of Putumana
Somayaji (16th—17th century) that elucidates the rationale behind the construction of
vakyas and provides systematic methodologies for deriving precise longitudes of the Sun,
Moon, and planets. Notably, the Karanapaddhati details the application of continued
fractions to approximate planetary mean motions and their anomalies, there by refining the
accuracy of calculations. Subsequent astronomical texts introduced further innovations, with
the 19th-century treatise Sadratnamala by Sarnkaravarman documenting several of these

advancements.[1]



The present work under consideration is the Tantraratna of Bhupala Tippa (1423-1446
CE) of the Saluva dynasty. The manuscript has been sourced from the Kerala Manuscript
Library [TR].The present study is based on the Sanskrit transliteration of the manuscript,
originally in Malayalam, as undertaken by Dr Venketeswara R. Pai. The Candravakya
section of the Tantraratna consists of two parts: one enumerating the 248 Candravakyas
and the other outlining their characteristics, referencing previous works, and providing
the author’s concluding remarks. The author cites the Sirya Siddhanta and Vararuci’s

Girnah-sSreyadi-vakyas.[TR] The following sections present a detailed analysis of his work.

Consonant
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1.2 Terminologies

Candrasphuta ((I~¥H<:) : is the true position of the Moon (true longitude). The mean
longitude is calculated under the assumption of uniform motion, whereas the true

longitude is determined considering the actual non-uniform motion of the Moon.

Ucca(Apsis) : The term ucca is best translated as “apex,” and it applies to both
mandocca(:la‘lil H)and s’ighrocca(‘é'ﬂ"s:ﬁif :). In case of the sun and the moon ,this is the
apogee, the aphelion,though not recognised as such in the of other planets. The Sighrocca

is best reffered to as the conjunction.

Kendra (é?;’:) :(Anomaly), is the angular distance of a celestial body from either of its

apices or centers of perturbation. The distance from mandocca is called manda kendra

(‘:l'*?{a"»Ts{i), whereas the distance from Sighrocca is Sighra kendra @ﬂmi). Mean and

true anomalies differ based on whether uniform or non-uniform motion is considered.

Ahargana(m 2) :(A), The total number of days elapsed from a given epoch to the day on

which the true longitude of the Moon is to be calculated.

Khanda (&Ys:): (K)Kalindasarnkhya Represents a specific number of days elapsed since the
beginning of the Kali Yuga up to the day when the mean anomaly becomes zero. This day

should be close to Ahargana.

Khandasesa (E'Ug'ﬁ'q) : is the difference between Ahargana and Khanda (i.e., A—K). It gives

the number of days that have passed since the Moon’s anomaly was last zero.
Dhruva (Y93) :(D), represents the true longitude of the Moon at the end of a Khanda.

Anomalistic revolution : is the revolution of the anomaly corresponding to a pseudo-object

having a relative velocity , Vplanet — Vkendra-

(G/H) : G and H denote the Gunakara and Haraka) respectively. They are used to represent
various periodic cycles and are derived using Vallupa-sanihara (continued fraction

method).



1.3 Model:

All the calculations in the Vakya system are primarily computed within the ecliptic coordinate
system. This system is primarily based on an orthogonal spherical reference system, in which
two sets of great circles intersect at right angles to determine the position of a point on the
celestial sphere. Since this system is defined relative to celestial references, the ecliptic
coordinates are, to a first approximation, fixed with respect to the stars. This ensures that
the two angular parameters used to identify a celestial body—ecliptic longitude and ecliptic

latitude—remain consistent for all terrestrial observers.

For the Earth-Moon System:

The Earth is at the center of the celestial sphere and the moon is revolving around the earth
with an orbit positioned on the circumference of the celestial sphere (ecliptic). The moon
is believed to have a circular orbit and is orbiting with non-uniform motion. The longitudes
and latitudes of the moon refer to the relative angular position of the moon on the celestial
sphere ; i.e ecliptic latitude and longitude.Along the celestial sphere there are many starts and
constellations which were recognised and set as reference points. The ecliptic is divided into
12 zones /rashies to position the movement of earth and correlate it with the time frame of
months. Each rashi hones to 30 degrees and is identified based on the relative positioning
of the reference constellations/ nakshatras.For more clarity of thought, look into Fig 2.2(a).

(Nakshataras are represented as orange markings .)



3D Ecliptic Coordinate System with Moon, Rashis, and Nakshatras
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1.4 The Principle behind the vakya method:

Consider an instance of calculating the true position of the Moon.Accurately determining
its true position is a complex problem due to its highly variable motion. A straightforward
application of the rule of three, by utilizing its position and instantaneous rate of motion at
successive sunrises, often leads to significant errors. Reliable results necessitate higher-order
interpolation techniques, such as second- or third-difference methods, which, although
accurate, are computationally intensive [3].Simpler techniques are needed. In order to
devise easier methods of measurement a deep understanding of the periodicities of celestial
bodies is necessary. The analysis of these cyclic periodicities enabled previous astronomers
to mathematically compute equations governing the diverse parameters of planetary bodies.
Vakyas corresponding to the Moon, the Sun, and the planets were structured upon these periodic
principles. The foundation for obtaining all the characteristic parameters for a celestial body
rests upon the determination of its true longitude. In the case of lunar longitude computation,
the periodicity employed pertains to the revolution of the Moon’s anomaly. The earliest textual
attestation of this approach is encountered in Girnah-sreyadi-vakyas by Vararuci. Renowned
Indologists and historians have opined that Vararuci lived around the 4"—5" century CE.[1]
This date is arrived by scholars based on the fact that tradition ascribes a text on grammar
called Prakrta-prakdsa to Vararuci, which is estimated to have been composed by the 5"
century[2]. Vararuci has encoded his 248 vakyas to give the longitudinal positions of the Moon
for consecutive days contained in 9 full lunar anomalistic cycles of 27 days, 33nadikas, 6%

vinadikas each ( 9 revolutions in 248 days)[5].

Most texts dealing with the vakya method for computing the moon’s longitude first introduce the
khanda, which refers to certain number of civil days elapsed from the beginning of Kali Yuga,
which is close to the ahargana under consideration, such that, at sunrise, the mandakendra or

the mean anomaly is zero. This is the initial point from which the vakyas are constructed.

Consider a day corresponding to the ahargana A at mean sunrise. Suppose that “a” full
days and “b” part days have passed since the anomaly was last zero. In other words, the current
anomalistic cycle started a + b days earlier, where a is an integer and b is a fraction. If we

consider the instant Ay, b days earlier than A, the anomalistic cycle would have begun exactly



a days prior to it. Hence, the true longitude corresponding to the instant A is given by the ath
vakya, to which the longitude of the Moon at the beginning of this anomalistic cycle has to be
added. The anomalistic cycle preceding the current one would have begun a days +1 cycle
= a + 27 + « days before A;. Consider an instant A, which is @ days before A;. Hence, the
true longitude corresponding to the instant A, is given by the (a + 27)th vakya, to which the
longitude of the Moon at the beginning of the anomalistic cycle preceding the current one has
to be added. Similarly, consider an instant A’ such that A, — A = @ days. Then A; — A, = 2«
days. Now, an anomalistic cycle would have begun a days +2 cycles, or a + 54 + 2a days
before Ay, or a + 54 days before A;. Let Az = Ag + 1. Then an anomalistic cycle would have
begun a + 55 days before A3. Hence, the true longitude at Az is given by the 55th vakya, to

C, C, A5 A-1 4, 45 4 4
| | | | | L
] T ] T f | —

a+27 <€ >

Figl.4:Method for determining the true longitude of the Moon [3].

which the longitude of the Moon at the beginning of the cycle, which is two cycles prior to
the current one, has to be added. Note that Ay, A, and A3 all correspond to the day prior to
the instant A. Similarly, true longitudes at six more instants during the previous day can be
determined using the above method. Since there are nine anomalistic cycles within a span of
248 days, it follows that the true longitudes can be computed at only nine instants on any given
day using this method. Consequently, the true longitudes for nine instants on the subsequent
day are obtained by adding one more vakya to those corresponding to A, A, A3, etc. (as per

Madhava’s ideology) [3].

The primary limitation of this technique is the approximation of the anomalistic cycle. This
issue is resolved by employing the khanda-dina and utilizing the process of valliupasamhara
(continued fraction method) to determine the gunakaras and harakas required to compute the

anomaly. (For further details, refer to Section: Computing Candra-vakyas.)

10



1.5 Decrypting Tippa Gopendra’s candravakyas

In continuity with the tradition of the Vakya system, Tippa Gopendra devised a distinctive set
of 248 vakyas, encapsulated within the Katapayadi system. His work is structured into two
sections: the first enumerating the 248 vakyas and the second discussing their characteristics,
concluding with reflective verses. The first key objective of this study was to decrypt these 248

vakyas from the primary manuscript [TR].

Method of Decryption: An Illustrative Example

The first vakya in the Candra-vakyas of Tantraratna is given as:
“oft JreR™g”

The process of decryption begins with segmenting the phrase into its constituent characters. For

instance:

Using Table (2.1), the numerical equivalents of these characters are determined according to the
Katapayadi convention. In cases of conjunct consonants, the numeral assigned to the consonant

carrying the vowel (svara) is considered:
{\:29 q\=1’ '_-[:0’ {\:2’ -q:\=1

This yields the numerical sequence 21021. Reversing it, as per the encoding convention, results
in 12012.
The extracted numerical value follows the standard format: Rasi, Bhaga, Kala, and Vikala.
In this system, there are 12 rasis (zodiac signs), each subdivided into 30 bhagas (, degrees).
Each bhdga is further divided into 60 kalas (', minutes), with each kala contains 60 vikalas (",
seconds).Finally yielding

0"12°01"2" (1.1)
This signifies that the Moon is positioned in the first rasi (zodiac sign), Mesa (Aries), at
12°01’2”. Table (2.5) presents all computed 248 Tippa Gopendra candrvakyas alongside
Madhava-vakyas. !

'The Madhava-vakyas are completely based and obtained from previous studies.(refer Pai et al., 2018*

Appendix, Pai et al., 2017, Ganitabharati article)
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1.7 Observations and vakyashodana

The analysis of these vakyas can be approached in two primary ways—either through their

numerical values or from a literary standpoint. This section focuses on the former.

The positional data of the Moon has been systematically recorded across nine of its
cycles, yielding expected values for the corresponding days. The computed values
from the Tippa Gopendra vakyas closely align with those of the Madhava vakyas,
with discrepancies only in the range of minutes or seconds. Much like the Madhava
vakyas, these values have been documented with a precision extending to seconds,
significantly enhancing their astronomical relevance. A preliminary examination reveals
inconsistencies in certain vakyas—specifically 11, 130, 162, 209, and 210—as well as
within the sequence from 93 to 100, which deviate from the expected pattern. Further
analysis indicates that the series from 93 to 100 exhibits a cyclic misalignment, wherein
vakya 100 corresponds to 93, 93 corresponds to 94, and so on. This shift can be corrected

systematically. However, the remaining discrepancies require a different analytical approach.

Vakyashodana

It is quite interesting that the vakya-karas had devised an error-correction methodology,along
with documenting or enumerating the data. This technique safeguards and ensures the vakyas
from corruption over time[1].

Vararuchi’s correction is quite simple and is given by:
Vi+ Voug—i = Vous, (modulo 3600) (1.2)

where 7 represents the vakya number, ranging from i = 1 to 248. The corrected value for the
ith vakya (V;) is obtained as the difference between the value of the 248th vakya (V»43) and the
complementary vakya of i (Va4g—;).This approach implicitly assumes an approximate value of

the anomaly as 2%, which, in turn, limits the accuracy of the corrected verse.
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On the other hand, Madhava employs a more precise and systematically structured

methodology.The follwing is the process:
* First, find out the complementary vakya V;, where j = 248 —i.

¢ Then, find the vakyas above (V;_1) and below (V) the complementary vakya (V;) and
determine their difference:

AV; =V = Vj_1.

* Subtract twice the first vakya (Vi) from AV;, and divide the result by 225. That is,

compute:

AV, —(2xVy)
;= . 1.3
/ 225 (13)
* Subtract ¢ (in minutes, etc.) from the complementary vakya. This gives the transformed
complementary vakya:

Vi=V;-6;. (1.4)

* The desired vakya, if correct, should be equal to the result obtained by subtracting V]’.
from the final vakya (V»43). That is, the desired vakya should satisfy:

Vi=Vaug - V. (1.5)

Since the Tippa Gopendra vakyas closely align numerically with the Madhava vakyas and this
approach offers greater precision, vakyasodhana has been performed for Tippa Gopendra vakya
numbers 11, 130, 162, 209, and 210. New vakyas have been constructed and proposed based
on the corrected values obtained. The following pages present the complete correction process

in detail.(The rationale and the process are clearly explained in the Karanapaddhati[4])
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Correcting the 11" vakya

Since the desired vakya number i = 11, the number of the complementary vakya j = 24811 =

237. The vakyas below (V;41) and above (V;_;) the complementary vakya are:
V238 = 8r19048/40" and V236 = 7r21o37/35”.

Their difference is given by

AVp37 =28°11°05".

By subtracting twice the first vakya (2 X V| = 0724°02’04”) from the above, we get

AVoz; =2V = 0728°11'05” — 0724°02'04”

4°09'01”

14941”.

Dividing the result obtained by 225, we obtain 6;;3 = 01’06”. Subtracting this from the

complementary vakya (V237), we have

Visr = Va3 — 6237

8705°47'53” — 01'06”

8705°46'47" .

Now the desired vakya Vi is given by

4
Vit = Vag— Vi

12"27°43'31” — 8705°46'47”

04"21°56'44" . (1.6)

The vakya number 11 found in the manuscript of Tantraratna is ﬁ”ﬂﬁ' ASHhIY:
/vibhitahSanakarabhrith ”. This when decoded corresponds to the value 2"21°56’44” and the
result obtained for V;; based on vakya sodhana procedure of Madhava is 04"21°5644” .

Suggested vakya

ﬁ"‘{ﬁ'ﬁ'ﬂ' qd: "/

vibhutimayah dhruvah
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Correcting the 130" vakya

Since the desired vakya number i = 130, the number of the complementary vakya j = 248 —

130 = 118. The vakyas below (V;,1) and above (V;_1) the complementary vakya are:
Vil =4703°24’11” and Vj17 = 3706°35'50”.

Their difference is given by
AVyg =26°48"21".
By subtracting twice the first vakya (2 X V| = 0724°02’04”) from the above, we get
AVig =2V = 0726°48'21"7 — 0724°02'04”

2°46'17”

9977".

Dividing the result obtained by 225, we obtain 6;;3 = 44”. Subtracting this from the
complementary vakya (Vi13), we have

Viis = Viis—dus
3"19°5226" — 44"

3719°51'42".

Now the desired vakya Vi3 is given by

/4
Vizo = Vaug — Vg

12"27°43'31” — 3"19°51'42"

09"07°51'49”. (1.7)

The vakya number 130 found in the manuscript of Tantraratna is ‘IO ISTAATIAT
/vant padmasanasina”. This when decoded corresponds to the value 7°07°51’54” and the result
obtained for Vi3g based on vakya sodhana procedure of Madhava is 09707°51’49”.

Suggested vakya

=T JTAAT S/

dhanva padmasana dhant
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Correcting the 162" vakya

Since the desired vakya number i = 162, the number of the complementary vakya j = 248 —

162 = 86. The vakyas below (V;,1) and above (V;_1) the complementary vakya are:
Vg7 =2"02°07"34” and Vg5 = 1707°25'04".

Their difference is given by

AVge = 24°42'30".
By subtracting twice the first vakya (2 X V| = 0724°02’04”) from the above, we get
AVge — 2V = 0724°42'30"” — 0724°02'04"
= 4026”
= 2426".

Dividing the result obtained by 225, we obtain dgs = 11”. Subtracting this from the

complementary vakya (Vgg), we have

Vie Vse — 086

1"19°40'53” — 11"

1719°40°42".

Now the desired vakya Vg, is given by

Viee = Vg — Vg

12727°43'31” — 1719°40'42”

11708°02'49". (1.8)

The vakya number 162 found in the manuscript of Tantraratna 1is “ﬁlﬂ%ﬁél
YM/dhivarairnadi krsna”’. This when decoded corresponds to the value 5718°02'49” and
the result obtained for Vj¢; based on vakya sodhana procedure of Madhava is 11708°02'49”.

Suggested vakya

draxar At

dhivarairnadi naukikah
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Correcting the 209" vakya

Since the desired vakya number i = 209, the number of the complementary vakya j = 248 —

209 = 39. The vakyas below (V;,1) and above (V;_1) the complementary vakya are:
V40 = 5r15032/10// and V38 = 4r17013/13”.

Their difference is given by

AVzg = 28°18'57".

By subtracting twice the first vakya (2 X V| = 0724°02’04”) from the above, we get

AVzg -2V, = (0728°18'57" —024°02'04"

4°16'53”

15413”.

Dividing the result obtained by 225, we obtain 639 = 1’08”. Subtracting this from the
complementary vakya (V39), we have
Vie = V3o —039
= 5701°18'35” — 01'08”
= 5701°17"27".
Now the desired vakya Vi3 is given by

Voo = Vaug — Vi

12"27°43'31” - 5"01°17°27"

07"26°26'04" . (1.9)

The vakya number 209 found in the manuscript of Tantraratna is “FHehdr A= /
striniketo ratirasah”. This when decoded corresponds to the value 72"62°61’02” and the result
obtained for V59 based on vakya sodhana procedure of Madhava is 07726°26’04” .

Suggested vakya

=T = AT =

avijiia ca rati rasah
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Correcting the 210" vakya

Since the desired vakya number i = 130, the number of the complementary vakya j = 248 —

210 = 38. The vakyas below (V;,1) and above (V;_1) the complementary vakya are:
V39 =5"01°18’35” and V37 =4703°1839”.

Their difference is given by

AVizg = 27°59'56".

By subtracting twice the first vakya (2 X V| = 0724°02’04”) from the above, we get

AVag =2V, = 0727°59'56"” — 0724°02'04”

3°57'52"

14272".

Dividing the result obtained by 225, we obtain 633 = 1’03”. Subtracting this from the

complementary vakya (Vag), we have

Vis V38 — 038

4"17°13'13” - 1'03”

4"17°12'10”.

Now the desired vakya V3 is given by

/4
Voio = Vagg — Vg

12"727°43'31” — 4"17°12'10”

08"10°31"21". (1.10)

The vakya number 210 found in the manuscript of Tantraratna is “TRYTA| '-lq'-llét /
narapalo nayanarhah”. This when decoded corresponds to the value 80"10°31°20” and the
result obtained for V; g based on vakya sodhana procedure of Madhava is 08"10°31'21".

Suggested vakya

FATHT T &2

karapalo nrpa hanah
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1.8 Literary analysis

The 248 vakyas of Tippa Bhiipala meticulously document lunar longitudes with remarkable
precision. However, what makes them particularly fascinating is the ingenious manner in which
numerical data is encoded within sentences whose literary meaning appears mostly unrelated
to the astronomical values they represent. For someone unfamiliar with the vakya system,
it would not even be apparent that these verses serve as a large dataset documenting various
astronomical parameters.

A large portion of Vararuci’s and Madhava’s vakyas primarily convey moral and philosophical
reflections. As both were primarily sages and astronomers, their perspectives and ideologies
naturally aligned with those themes, and such values were subtly interwoven into their vakyas.
In contrast, Tippa Gopendra was primarily a king, and his vakyas reflect a different worldview.
The author’s vakyas are deeply influenced by the his lifestyle, personal inclinations, and
immediate surroundings.The 199th vakya from the above three sources is presented below.

While their numerical values are nearly identical,their literal meanings differ significantly.

Vararuchi:

I ATE—3r 07° 09’

-”The cow is a part of the army”

Madhava:

HATY: JIT:—-3r 07° 09°05”

-”A leader who values honor as his true treasure , is followed by devoted companions.

Tippa:

ST FTRET—-3r 07° 07’ 58”

-”The mother is seated on a golden throne”.

This divergence highlights the broader spectrum of vakya compositions, challenging the
prevalent assumption that all ancient vakyas were fundamentally intended to moral principles.
It also demonstrates that the vakya framework is a flexible computational tool capable of
accommodating multiple intellectual pursuits. Additionally, it provides the vakyakaras with
utmost freedom and individuality, allowing them to compose vakyas shaped by their unique

ideological,professional and cultural backgrounds.
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Given below are themes that the author Tippa Bhupala has addressed in his vakyas:

* Kingship and Warfare (50 vakyas): Discusses sovereignty, duties, military
organization, weaponry, the ethics of war, royal virtues, war elephants , wealth, and
dynastic lineage. Selected references: ([TR] vakyas: 19-25, 75, 86, 128, 147, 212, 242,
244).

* Women and Femininity (30 vakyas): Explores themes of feminine grace, the aesthetics
of beauty, amorous longing (kama), conjugal fidelity, maternity, queenship, and the
ethical dimensions of womanhood. Selected references: ([TR] vakyas: 82, 88, 149, 186,
196, 217, 246).

* Vishnu and His Incarnations (20 vakyas): Examines the manifestations of Vishnu,
particularly his avataras—Varaha, Vamana, and Ranganatha—(benediction). Selected

references: ([TD] vakyas: 6, 28, 52, 61).

» Music, Dance, and Aesthetics (10 vakyas): particularly in relation to Siva as the divine

patron of the performing arts. Selected references: ([TR] vakyas: 35, 37, 45, 226, 241).

* Goddess Laksmi : the goddess of wealth and prosperity, in connection with finance and

auspiciousness. Selected references: ([TR] vakyas: 9, 124, 235).

* Nature: Depicts natural elements, including rivers (e.g., Ganga, Krsna), forests, clouds

etc. Selected references: ([TR] vakyas: 162, 163, 164, 205).

» Sages, Knowledge and teachers: Engages with themes of yoga/yogi, intellectual pursuit,
and the guru’s role in preserving wisdom. Selected references: ([TR] vakyas: 104, 159,

227).

* General Category:addressing various common worldly activities and benedictions.
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No.

Tippa vakyas

Meaning

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26
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The auspicious path of the man.

O auspicious one, on the resting seat.

The kings possess an abundance of gold.
One who bestows great honor and respect.
Lord Vishnu is revered by mankind.

An ascetic, free from worldly distractions.

Goddess Lakshmi is the consort of Lord Vishnu, the slayer of Kamsa.

A wealthy ruler at the right time.

A married woman adorned with beauty.

Desire strikes at the most vulnerable points.

Sacred ash on the brows of Lord Shiva.

Mental elevation is esteemed among men.

The divine body of Lord Shiva is adorned with precious gems.
The clouds are heavy with water.

The Lord of all sacred rites and rituals, the protector of the Earth.
Clouds clinging to the mountain peaks with lightning.

An ascetic renounces worldly attire.

A river swells with an abundance of water.

One worthy of a luxurious bed adorned with pearls.

A king who resides in a palace adorned with jewels.

The ocean holds vast waters.

Opposition arises in the presence of great strength.

A king seated upon a noble elephant.

A ruler excelling in discipline and virtue.

An intellectual woman is greatly admired.

The sun bestows its radiance upon the world.
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No.

Tippa vakyas

Meaning

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50
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A bride endowed with great prosperity.

The conqueror of the wilderness.

Lord Vishnu is worshipped by mankind.

A king belonging to an illustrious lineage.

A woman likened to an auspicious meteor.

A fierce and powerful ally.

The gods are beyond imitation.

The wise and wealthy excel in sacred hymns.

Lord Rudra performs his cosmic dance upon the mountains.
A bed fragrant with sweet scents.

The wise are well-versed in celestial music.

A great poet is acclaimed by the world.

The daughter of the mountains (Goddess Parvati) is worshipped by men.
The king wields his arrows in battle.

The ruler of the earth is resplendent.

The sovereign is worthy of reverence.

The earth is safeguarded by noble rulers.

Arjuna is ever prepared for battle.

The performer is immersed in musical expression.

O Lord! Protect us by dispelling suffering.

The Boar incarnation (Varaha) possesses a firm and steadfast form.
The bold god of love (Kama) stands well-equipped.

The enlightened one stands exalted in righteousness.

Lord Hari is the joy of the women of the earth.
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Above content strongly suggests that he was either a ruling monarch or closely associated
with the royal administration. His references to specific rivers and deities hint his ethnicity
and regional geographical location. The river Krsna is mentioned at multiple vakyas is most
significant in Karnataka, Telangana (briefly), and Andhra Pradesh. Palkuriki Somanatha, in
his Panditaradhya Caritra (14th century), describes the geography of the Telugu region and
explicitly mentions the Krsna River. Similarly, Acyutaraya, a 16th-century Vijayanagara ruler,
refers to the river in his poetic work Acyutaraya Abhyudayam, as documented in Sources
of Vijayanagara History (1919). Several of his vakyas alos invoke Visnu in the form of
Varaha, a deity of considerable regional significance to the people of the Andra region,(only
temple devoted to the Varaha form of Vishnu is in Varahapuri,Andra). Narayana Tirtha, a
renowned Telugu poet, composed multiple Tararigams in praise of Varaha of Varahapuri.
These references proves the author’s connection to the Vijayanagara dynasty and gives his

approximate regional placement.

Analysis of Similarities Between Tippa Vakyas, Vararuci Vakyas, and Madhava
Vakyas

An analysis of the similarities between Tippa’s vakyas and those of Vararuci and Madhava
reveals that several verses share structural patterns. A good number of Tippa’s verses appear
to have been constructed with reference to or inspired by Vararuci.In some cases, the second
half or the final words of the vakya (uttarardha) remain identical. Since the final letters in
vakya usually fall into the rasi on numerical decoding,its highly unlikely that they change on
employing diffrent methologies. As a result, Tippa, in several instances, retained the second
word (uttara-pada) from Vararuci while modifying the first part (pitrva-pada) to align with his
computational value. Table 2.8(1) presents a selection of such similar vakyas from Tippa and
Vararuci.

Interestingly, some verses in Tippa’s corpus also resemble those of Madhava, independent
of Vararuci. While Tippa Gopendra explicitly cites Vararuci’s vakyas in the second part of
Candravakyas, there is no direct reference to Madhava (Table 2.8(2)). Given these similarities,
one might hypothesize that Tippa was familiar with Madhava’s vakyas as well.Tippa’s
numerical framework, extending calculations to the second-order level, and his literary
compositions exhibit resemblances to Madhava’s structure. However, there is currently no

definitive confirmation or citation found.
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Table 1.8(1): Tippa Vakyas vs. Vararuchi Vakyas

12

14

20

74

75

76

101

102

111

115

117
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124

133

153

177

198

202

203

227

235

238

248
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Table 1.8,(2): Tippa Vakyas vs. Madhava Vakyas

Tippa Vakyas Madhava Vakyas
15| sn@aradta: | eI I
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1.9 Computing candravakyas

The Candravakyas of Tantraratna do not provide an explicit rationale or method for calculating
the values of the longitude encoded within the vakyas. This section demonstrates that
Tippa’s vakyas are derived through precise computations of the true longitude of the Moon,
incorporating the manda correction, also known as the equation of the center. The determination
of the Moon’s true longitude is influenced by the motion rates of the mean Moon and its anomaly,
as well as the mean radius of its epicycle[0]. Initially, Parahita v parameters and Parahita values
were adopted, as documented in the Karanapaddhati.These parameters has been shown to be
valid for Madhava[4]. Due to the similarity of Tippa’s vakyas in both values and structure
with Madhava’s vakyas, these values were initially considered. However, they did not yield
accurate results for Tippa Gopendra’s vakyas. The underlying issue was understood through
the second section of the Candravakyas, where Tippa explicitly mentions that the calculations
are based onSiryasiddhanticparameters.Even after considering all the parameters from the
Suryasiddhanta, the computed values did not align accurately with the Tippa Vakya values.
However, since Vakyasodhana was effective and the present sections also show similar patterns
for the values of G and H, some form of periodicity is evident. Future work is planned to further
analyze this model.

The equations used for the computation, adapted for the equation of center, are given below.
>The base equation

007 int (M in(a i 360) (1.11)

TrueLongitude =
rueLongitude 360

The first term corresponds to the mean longitude, where Sp denotes the sidereal period of the
Moon. The second term represents the equation of the center, with A being the rate of motion
of the anomaly, and A X 360 giving the anomaly at the end of the first day. The parameter M

refers to the Manda-paridhi.

>Surya siddantik parameters:

The Surya Siddhanta employs the Bhiita Sarnkhya system of numeration. The following
represent the verses and the extracted number.

ol TATUEE T ERAROM: [ 1.30]

TR NN TGO (1,33

TIAREITAAT AT FII1.37]
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>Number of Revolutions of the Moon in a Mahayuga = (1.12)

>Number of Revolutions of the Moon’s Mandocca in a Mahayuga = (1.13)
>Number of Civil Days in a Mahayuga = (1.14)
> Value of Manda paradhi(M)= (1.15)

First the values of the sideral period (Sp) and the anomaly (A) are to be calculated.Using the
above values (2.12) and(2.14) the sidereal period of the Moon would be

~157,7917,828

Sp = 1.16
P = 7577753.336 (1.16)

To determine the rate of motion of the Anomaly, thegunakaras(G) and haras(H) of the Moon
and its Mandocca (Apogee) must be obtained.There parameters ensure that accurate values
of the same.The Tippa gopendra’s Tantraratna gives the value of Number of Revolutions of
the Moon’s Mandocca in a Mahayuga to be 488211.The below section shows the calulation
of the Anomay based on both the values of the Apogee. The anomaly (relative) is calculated

subtracting the ratio of gunakaras and haharas of the Apogee from the corresponding ratio of

the Moon.
Moon:
G, 57,753,336
—_— (1.17)
H, 157,7917, 828
Apogeel:
G,l 488203
2 = (1.18)
H,1 157,7917, 828
Apogee2:
1 488211
Gal _ (1.19)
H,1 157,7917, 828
Anomalyl:
Al = Gn—-Gu1 57,753,336 —4,88,203 57,265,133 (1.20)
b H B 157,7917, 828 ~157,7917, 828 '
Anomaly2:
G,-G,2 57,753,336 -4,88,211 57,265,125
Ay = = = (1.21)

H 157,7917, 828 "~ 157,7917, 828
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Using these values the Vallupasamhara is to be performed.The process of Vallyupasamhara
involves generating sets of harakas (denominators) and gunakas (numerators) using continued
fraction expansion. The steps are as follows: The continued fraction expansion of H/G is

performed to obtain the successive quotients:

q91-492,93; - - -

Next, Column I is created by placing all the quotients in sequence. Column II is created by
placing the same quotients but omitting the first one (g;). The value 1 is placed at the top of
both columns as an initial value.The entries in Column I (denoted as (H)) generate the set of
harakas, while the entries in Column II (denoted as (G)) generate the set of gunakas. These
values are computed step by step from the top down, as illustrated in Table 1.9(1). According
to the instruction:

“tyajyam tatprathamordhvagam”

The first entry (1) in Column I must be removed before pairing with Column II. Once the first
value is removed from Column I, the remaining entries from both columns are paired. The
resulting pairs (H;, G;) form different sets of alpaharakas (denominators) and alpagunakas

(numerators). These computed values are listed in Table 1.9(2).

Using the computed values, Equation (2.11) simplifies to:

360 - i ., (31.66

57701788 O | 360
57,753,336

truelongitude = -sin(A - i - 360)

where A can take any value from the Anomaly G and H table (Table 2.8.2c). This line of thought
still persists, but alternative procedures need to be explored to rectify the errors obtained using
this method. The difference in the computed values is observed in the range of seconds. With

proper computational techniques, this can be improved.
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gunakaras (G_al) harakas (H_al)

1

10

11

32
395
427
822
6181
7003
13184
20187
33371
53558
86929
488203

3232
32321
35553

103427
1276677
1380104
2656781

19977571
22634352
42611923
65246275
107858198
173104473
280962671
1577917828

gunakaras (G_a2) harakas (H_a2)

gunakaras (G_m) harakas (H_m)

1 27
3 82
28 765
143 3907
1601 43742
1744 47649

3345 91391 b.1)
11779 321822
15124 413213
26903 735035
741505 20259158
768408 20994193
2278321 62247544
14438334 394479457
57753336 1577917828

1

24

25

49

b.2) 172

393

4495

67818

140131

488211

3232
77569
80801

158370
555911
1270192
14528023
219190537
452909097
1577917828

Table :1.9(2): gunakakas and harakas of the moon(a) , apogee(b.1,b.2)




gunakaras (G_A1) harakas (H_A1)

1

1

2

9

110

119

348

1163
2674
6511
15696
37903
53599
91502
145101
1977815
4100731
26582201
57265133

27

28

55

248

3031
3279
9589
32046
73681
179408
432497
1044402
1476899
2521301
3998200
54497901
112994002
732461913

1577917828

gunakaras (G_A2) harakas (H_A2)

467
19962
20429
60820

628629
689449
2007527
2696976
18189383
57265125

27

28

55

248

3031
3279
9589
12868
550045
562913
1675871
17321623
18997494
55316611
74314105
501201241

1577917828

Table :1.9(2): gunakakas and harakas the anomaly (1,2)




1.10 Dhruvas and Periods

Post the 248 vakyas . The author puts forward his remarks,copyright and citations. Given

below are the verses.[TD]

o l(‘\(\ (N

AT QTSR [T O eI |
AT S ar ARG 3 sEmHar, fafgardi

2 [N hd ([anN —C

AT T -2esia IRlRe SHTSTAReh oSl |
N Y

Adtsforarssreat: |

qd: A | adr <92 | g gareare|

ATSTAERFERT JaGRT asifaammi)

[STATesR IR AMRETER 9emid |

FHIATE TSP S |

AR g EHd|

T MYTATITAT Hgfe: |

TEh: T

g AYEareRane 3eda=svge:, U PlERs SHaEy Isede: W |

A [Tl - 365, ATed: 15, OATSd: 31, JAERIOT 31, da: AW 24.
TNT Taehlei: |

AR XPTETHRIROT G AT 211 aTsehl I

VST BE HET APRA Zrdad|

AT AT H2] I |

RTHIT Seehleg I o<l ;|

FI T TR e AR |

st St ol Re o T |

In the first verse, the poet confirms his authorship and follows it by citing his use of the
ordained methodology given in the Suryasiddhanta, Vararuci’s Girnah-sreyadi-vakyas, and

other sources. The word Savg: suggests the 248 vakyas (katapayadi). He then proceeds to
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provide the computation of the true longitude of the Moon (uncorrected). The procedure
he puts forward is quite similar to the one given the Vakyakarana by Putumana Somayaji >

Vakyakarana’s Shuptacandra calculation:

2 W N ~
I IS MGIATd IR h: |
(16,00,984) (12,372)

hlAHM: %d%’adlcw’ ?IQIIg;MH\I
(3031) (248)

afiof: srfaeh 9 RHTgRI R AT |
Faeeg@Erds  Feab RS

(9-27-48-10) (11-7-31-1)
qE AR AT
(0-27-44-6) (7-2-0-7)

N N cm

aart AfRdageyd eer gd f9er11(vK.9,10,11)

Here the commentator elaborates the methodology as follows: The am which

accounts to 16,00,984 must be subrstracted from the day of interest(no. of kali

days.(EHRIGHATSAIRITTEIEIONG). The difference divided by 12,372(311¥h:)and its
remainder is divided by 3031(55@17!% ) and further with 248 (éTJR‘ :). The corresponding

obtained at each step are, For (W’ﬁﬁé?t),% 27° 48 107 mﬁi),llr 7°31’1” and Or
27°44°6” for (QT?R‘ :).This process has been clearly explained in[4].Mathematical representation:

* Initially we have to find the difference between the ahargana and the khanda which is

generally referred to as the khandasesa. That is

khandasesa = A — K.

* This khandasesa is to be divided by 12372. The quotient and the remainder thus obtained

are to be stored separately.
(A-K) L
12372 "

* Now, we have to divide the remainder (r) by 3031.

r Wy

3031 27 3031

Having stored the quotient (g;) and the remainder (r;) separately, the process has to be
repeated with r, and the number 248. Thus we have

n + r3
248 ~ BT a8
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* Let D be the mean longitude of the moon at the end of the khanda or khandantya, K.
This is known as the dhruva at the khandantya. Let Dy, D,, and D3 denote the dhruvas
at the end of 12372, 3031, and 248 days respectively which represent the change in the
mean longitude of the moon corresponding to these harakas. Then the true longitude of

moon (64) corresponding to the ahargana (A) is given by

0a=[Do+ (D1 Xq1)+(Dyxg2)+ (D3 Xq3)] +Vrs,

In accordance with a well-established method, Tippa’s methodology is analyzed in a systematic
manner. He begins by stating that Suddhadinam Brgusuddham must be divided by Ajitaharaka.
This process is then iteratively repeated by successively dividing the remainder by Jitabjaripa,
Kalangana, and Devaraha. Notably, the terms Kalarigana and Devaraha are well-documented
and are analogous to the approach found in Vakyakarana. The corresponding computed values
for each of these parameters are systematically provided in the subsequent verses (ref. Dhenuh
Sri). Tippa also explicitly mentions that this computation is performed for Udayacandra.
However, there are no explicit references to the subtraction of Kali days or the summation
of the Dhruvas provided in the text. The table below presents the derived numerical values
for these parameters in a structured manner. He has codified the values for Ajitaharaka-hara,
Jitabjarupa-hara, Kalanga, and Devara, along with their respective parameters, using the

Katapayadi system.

harakas value dhruvas value

ATTTERS: | 128680 | FHTATHSRITIAT | or 22° 56° 39”

fSraTestaT: | 12868 | AR Ueq | 11r23° 17° 577

HIGHG: | 3031 | ISAPTGAISRA | 11r 07 °31°24”
IR 248 | LIEEIEH | 0r 27°44° 07

Table(2.10.1):harakas and dhruvas given in Tantraratna
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The final set of verses presents the mean sidereal periods of the Sun across various time intervals,
including daily, yearly, 100-year, 200-year, 300-year, and 600-year cycles. These periods are
expressed in units of days, nadi (n), vinadi (v), and guruaksaras (g). The computed values are
presented in Table(2.10.2)

The sidereal period values documented by Gopendra Tippa Bhupala exhibit a close alignment
with those recorded in Vakyakarana. The length of the sidereal year is specified as 365 days,
15 nadis, and 31 1/4 vinadis (VK.1(2-3)). While most Siddhantas, with the exception of the
Romaka Siddhanta, adopt this value for the sidereal year, the more precise duration is calculated
as: 365 days, 15 nadis, 22 vinadis, and 52.9 tatparas. This minor discrepancy indicates that the
first point of Mesa, which these astronomers considered fixed, actually exhibits a progressive

motion along the ecliptic at a rate of approximately 8.3° per annum [VK.1(2-3)].

vakyas Days |[(n)|(v)|(g)

TARTINA: (1 year) - 365 | 153131
21Tl aTSeRT ITTd: (100 years) | RT IPTMERROTAG! T | 36525 | 523220
TASAT (200 years) | TG 219 HMT AFRAN | 73051 |45 | 4 |40
2Tl 3T (300 years) | ARHTAY ARG | 109577 |44 |77 | -
Y=l I (600 years) | TITHIAT q@hieg AT | 219148 | 15 | 14| -
FIRFTTC: (2400 years) | HT I ST3M-ARRAGAAT | 876593 [ 0 | 5 | -

—— TTeT: (4800 years) | SIHAT AIar AP A | 1773186 1 |52 -

Table:2.10.2: suryagati for different set of periods
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1.11 Conclusion

The 248 Candravakyas of Tantraratna accurately encode the true longitude of the Moon,
achieving a precision of up to one second. These values closely align with those documented
by Madhava, demonstrating the remarkable accuracy of the vakya tradition. However, from a
literary perspective, these vakyas differ significantly in structure and style from earlier texts,
highlighting the flexibility and diversity inherent in the vakya system.These vakyas bear striking

similarities to those of Vararuci and also suggest his familiarity with Madhava’s works.

The equation of the center, when computed using the Parahita system and the parameters of
the Suryasiddhanta, slightly deviate from the Tippa vakyas .In a few cases of discrepancies,
they were identified and were effectively corrected using the error rectification technique
of Madhava.The Harakas, Druvas, for the true longitude of the moon and mean sidereal
periods for the sun enlisted by Tippa are also consistent with the values of Vakyakarana.
Taken together, these findings reinforce the enduring mathematical sophistication of Indian

astronomical traditions and their continued relevance in precise astronomical computations.
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Part 2 : Taladipika
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Chapter 2

Taladipika

Throughout history, India has endured numerous invasions that have nearly eradicated a
significant set of invaluable principles and techniques. Since music was primarily instructed
through an oral tradition, many aspects might have naturally faded into obscurity. Moreover,
ignorance and deliberate concealment continue to pose significant challenges within the artistic
sphere, further complicating efforts to access and revive these traditions.Bharata’s (500 BCE)
Natyasastra and NihSarika Sarngadeva’s Sangitaratnakara (13th century ) have served as
foundational pillars in preserving ,reviving and reshaping the existing Indian aesthetics. Music
is a field that continuously evolves, with concepts that may radically change and be interpreted
differently over time. This section of the thesis aims to explore the concepts presented in the
Taladipika, a comprehensive musical work by Bhupala Tippa Gopendra. The goal is to examine
the system of tala and its development during the Vijayanagara period, providing insight into
how musical practices and rhythmic structures evolved during this significant era. Due to the
vastness of the subject, the present study focuses on the core concepts and examines them in
comparison with earlier texts.

Taladipika is composed of three main chapters; (Margatala Vivekah) (DeSitala Vivekah),
and (Margatala Prastaradi Niripanam).The contents of this thesis are also presented in the
respective order. Key findings include a detailed description of all the tala desa pranas. A
distinct system of notation to represent the tala angas. The author challenges the existing
classification system of talas and offers a new, organized, and systematic ordering of talas in
comparison to Ratnakara. The work catalogs a total of 223 desi talas comprising a unique set
of originally composed talas, incorporating kakapada and virama, . A simpler summary for the

prastara method is described along with its construction, and practicality.
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2.1 Manuscript details :

Talaipka(Mad.Library: Trien.Cat.,1910-11 to 1912-13, R.770; Tanjore Burnell Cat.,p.60)

The Taladipika attributed to Bhupala Tippa (mid-15th century), is preserved in multiple
archival sources. A copy of this work exists in the Government Oriental Manuscripts Library
(GOML), Madras, cataloged as R 770, with 57 folios in Sanskrit script. A xeroxed version of
this manuscript, derived from a microfilm (Film-6), was recorded on July 29, 1986. Another
reference to Taladipika is found in the personal library of Dr. R. Satyanarayana, Mysore,
documented in Film 11 on August 11, 1986. The manuscript is also listed in the Mysore

Oriental Research Institute (ORI), under the number 105, consisting of 11 folios.

Taladipika remains unpublished, with its Sanskrit verses preserved solely in manuscript
form. No existing commentaries offer interpretations, and the absence of prior editions
meant that its documentation and translation had to be undertaken independently. The work
references Hanuman, Sdrr'zgadeva, Sailadri, and others; however, apart from Sérr'lgadeva’s
Sangita Ratnakara, the other cited works have yet to be found. The foundational principles
of Sangita Ratnakara and Natyasastra served as guiding frameworks, helping to reconstruct
missing links. In cases where manuscript passages were unclear or illegible, parallels from

Sangita Ratnakara were drawn upon, ensuring that the essence of the work remained intact .

These translations have been undertaken to the best of my knowledge .Any inadvertent
errors in the translations are solely my responsibility, and I request the reader’s understanding
in this regard.Some important section of these verses are provided at the beginning of the

discussions.Kindly look into it for better understanding.

AU IS 1IATE SR A
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2.2 Abbreviations

For Primary Sources

* [TD] - Tippa Gopendra’s Taladipika (Page are numbers corresponding to the
manuscript).textbf[TD.2] — Taladipika, Page 2.

* [SR] - Sﬁrﬁgadeva’s Sangita Ratnakara.
* [NS] - Bharata’s Natya Sastra.
* [AB] - Abhinavagupta’s Abhinavabharati, a commentary on Natya Sastra.

For Works of Akella Mallikarjuna Sarma

¢ [AK] - General reference to his works.

— [AK.1] - Indian Genius in Talaprastara.

— [AK.2] - Talaprastara of Sangita Ratnakara.

— [AK.3] - Systematization of Prastara Details of Desi Talas.
For Works of N. Ramanathan

¢ [RN] — General reference to his works.

— [RN.1] — Tala-Dasa-Prana and the Musicological Problems in the Present-Day

Tala System.
— [RN.2] - The Treatment of Tala in Sangita Ratnakara, Natya Sastra, and Dattilam.

— [RN.3] - Understanding Modern Talas in the Background of the Ancient System of

Talas.

Others

* [GE] - Girija Easwaran, Tala-DaSa-Prana Details in Music Texts.

* [CM] — M.D. Srinivas, Combinatorial Methods in Indian Music: Pratyayas in Sangita

Ratnakara of Sarngadeva.
¢ [CK] — Amba Kulkarni, Recursion and Combinatorial Mathematics in Chandasastra.

* [VE]:Evolution of the Tala-Dasa-Prana concept as seen in Musicological Works of the

Vijayanagara Empire
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2.4 Margatalavivekaha

[1] AT 99 2fa Uith: FoMdeaad:|l 3@ & 9rge: 9ar ITHEiESTeE: |
FHxaT yAO 7 eEaearapty: || IMTaueRad dediedy = 1
T HHDT HAT HIST MR WA o1 AT ga: IRIREE: 9T S|
IO ATHEHAT TAT AT AT ASH| | =T RamomyeFmERer - sorrr
FAYFST 9T "EERTcRST ATl [REE aasemT TS S [3]
o agfosrn: awe Foraedll gafgsr aifdess  eforaty areem|
ad: FOMRGHEd BT TANAAT:| AFTYER T AEhRaorgd|  dg
TaNug fAFar ga wafdetmanll f gawsar aifdesr g0 e
AT T ey Wq TWOT For 9gEl | SYauHERetEaE ql
AT | FATHGTATI 15 TATHNIS | AT TSTAT HET SN R BT
Fa®ved  TARh YT AIGGHIT| TSl AETYY  ANIiNEsITy ufemT|
Y Nodggrmreaie  Hwaql fAufSar ffemr warer ofoarfe =)
AT AR STHATG AT G ST | BifcHsee IOy IHARPEIEN
e uR=ee  Tear  fhpEaia:l SfromeserETe Sy YRPTTE Y|
Mgyt afd $o9 FoweT FAd| IRIAEETET T I

[2] TARASACSIH  IHIAHTIAT  SiTararaT RIERIGICIREA AN
gfr | RITUERIY diosrsr Fakda:| skdaet Faa #Jg=erl Sl
a8 9id 99 = 9 iy afafSas| st WanT  AEET WOl AR
qE arrTal 3t Tagfa fRur wml gun wRsmRa w0 gadagae
TR do™  RaTgaiead| | [sarer e SEied | el
=T Ser=ds: Samaas agfaar| gawieiReirfemat:: w® g
AETIHSRE [THT g3 3 T | gaygd |ea< e JawEie |
T IqIT WMGaRrATT dG®: | Jaidhd 9 g HAUNE  9fadiT|
IS YNHEET @ew wengll wRErar  fefgar ?wﬁ?ngﬁl IEEIES
TAAT: R AHATgs FIA AAONFAT  Gerhaferar Sl (47
Asrm=modar T IEEyERIY | RgeT SRR Fed:|
fagar  SRTErEAoE  SAge:| SedEqd g gavd foReea| A
Wm FIAA| AIARATT T HIHHTAHT: [TSAT AT
YIRS ERATHGIH| AFTRATERT: it gty Read
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ysfafa Read gal sFEauqd g Faiu@ehE  atgimaea|
gae] ORoqM:| Yavg AEAT 3id [ASeaegagdr  ERgaryo|
FIAGATAR|  TEATAT  APRATEST: AqAARIERAISRT  Jaad|  afg
grar: g9l dy Read sl e 7 ' derganigaiea:|
fead gEal wemmie: A ST TATY WA NIHAT: |

S Al o R owemmwe e
e e quEaR @ 9ug® g@d afdl [6]  dfgR™ Sugd
FH g U8 A wOT SOl TERGESAT Roar RGeS
ITENFEAEY AQT IgAISan| SgHEel T Tl AnT deEieeest
ACHICYIGTHT  AFT  dTSIISITaY| dIGMHHIvNEd:|  Tadsd  Haga <
APTATHTERIAIAT AR Folde:| g IqReamy 3fd AnareiHar
ARG ggarea esF| TZuml Sere Iegersi T IRATIgere: |
TRARTNAEE  WaFPSGIoHM | I9 4g:  [O=Iuigdl  JIREad:|
AR ¢ FocEeRmaeHEl Sgar | HeRe @ gaaeT|

UGUERSLINEEIERIEE Tt A% UPUIORIGRT WRAT |
FTAGAMNIAET: FHEAT: HAGIA| FIGETH ERRA I ECI ECaR-CH
T GEQIEARl  AFEadr T 3Sg 3 diord I9Ed = Wa
[5] IOEEHIE  IMEFEME A4 IPH APGR S WA IRl
R TaRgaaEiy Evedey TURR:  Wihgdeedd:  qErEdsho:|
sferar R S Tefal BT Taeidwhea 7 uaeam)
TTAT TIHSARAT 3| TUTERIA WA A
qUT EREMRAR IEATESN ®eT  EeRedEd . Siaed
TAQEEURET A U9 %lmwmlﬁmﬁ%a@ﬁﬁ
AFIFATHUIGT a7 AGa=ATATY®: | AT TUargTHwiTe:| [Aa=aad  aroed
gard e SefageE: aﬁléaamﬁqgﬁﬁwrl [7] dESAMASSAd
THRT ATTSTEHRRISG | TS FoRiganes| JueRYe  fargser
ETHFIES T | FAANET 79T - T T€ | T | JTARTR FAS
IMHER TR &= | FdT TS|
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e

TORTSATARA I ER A S: |

TAD: AT: BB ITd AT ATTShe: |

[ERIRIEIESESIR] TIATAETL: | TATETRITAT AT T
HAATE AHE  ETEFgAanTa: | Festerar| TIOTE T
LGSR IR INEER T Forlgaliesl 99 IJa0he:|l  IqsHe  WieImd
JYTeREE ATt I - | TT ERNISITIH| EIO G IERIRES B R)
| g | gAY SRS AT Toad | e TTHGIATE
T TORISATRAIhEha®:| 9IT  eeee  <eeee  deee.gece|
JUERAYSSTH  JAT-§  °ece-| IIHST dYel U7 eeec  eeee
EHESTREY %gad [5%d:| eeeT. TG GATTAH AT
ARG ISg:  ITdhicdd:| Teee Tece- T Toed  TeeT
JUTERIgRl IAT eee| Ty as- <y <cee| ITHGATRER AT
feFod T HifAad| ?'Wl"#:l'l?ﬁ' dATg: <ddd Tddd Tded T el

- [ —

ITHGIEgl AT eec Teee cece|

AT ‘1?5' JUTR: | FIT%?&?ITVI' 3Sg:
IEEEE: GGl fowor  TRulemen
RN HATT

T 3 HHUT 9RT T Tgdet A4
AET TATER RAgT U] FoIdm|
T 99 g 9 gwe sEdl
BFFYe o faws wormEe g
S| 9FAmt e FUderhuaiad|
=R A B o = B | E R R
fgweagcder 991 °e. ¢e. ¢e. <<l

fewoaTaget T T o <ol fgeT ve
AT F @e ee-ge. @e. ee. eel

feFaIdETRr IuaT T, T . °T.
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24.1 Tala:

Music is merely a play in time. Given that time is continuous rather than discrete, it must
be confined within a defined structure to enable a coherent and perceivable musical experience.
Tala is one such a systematic construct that allows for the measurement and organization of time.
Certain regular, periodic actions are employed to conceptualize a standard reference of time,
which is then used to measure all other irregular or varying periods.Thus the Tala is primarily
based on two components , the time (kala) and actions(kriyas).

Various approaches to concept of rala:

e I 99 Wh hoTaeHaTHT|
Hea gHoT 2 = arataera: || (NS 31.1)

ATSAGATASTATA GTdl: SRy = |
ST e T9T I IS AidSad || (SR 5.2)

HIG! FPRAHTAT TohardT Hiar MHaT|
dTiesreryg a1l .11 (SR 5.3 abe)
T YHI9T TGS died &d a3 [ara<ee: |
AATANTASE ATghed [TIPRT TradaiaiaaH i
ug A 3| (AB. Vol. 1V, p. 150, 11, 17-18.)

At first notice, one can ascertain that all these definitions use variable terminologies. Terms
such as kala, kala, kriya, and other concepts related to instruments, dance, and different artistic
mediums are observed. Bharata, in his Natyasastra, defines the concept of tala in relation
to the ghana-vadya (instruments such as cymbals, mridangams, etc.). However, it must be
understood that tala is not limited to these instruments, but is rather employed as a framework
to elucidate the concept itself.He employs the terms kala and kala (which will be dealt with in
further sections). It must be noted here that the concept ofkala is considered as a representative
of time- action and it deviates from present-day understanding.

Tippa Gopendra’s introductory verses (up to kala bhavath TD.1) are a direct extractions from
Bharata’s Natyasastra, indicating the alignment of Tippa’s ideologies. Identifying these verses
as excerpts from Bharata’s Natyasastra has played a crucial role in the interpretation of the text.
Sarangadeva, the author of the Sargita Ratnakara, employs a rather different approach. He
states that rala is the foundation upon which gita (melody), vadya (instrumental music), and

nrtta (pure dance) depend. He primarily uses two terms, kala and kriya, to define the structure.
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Though various approaches have been employed to instruct the concept of tala, a rigorous
comprehension necessitates an understanding of its fundamental components. As discussed,
kriya, kala, and kala are some of the components. This section systematically examines the ten

primary elements collectively termed the Tala Desa Pranas which define the nature of the tala.

2.4.2 Tala Desa Pranas

The term Taladasaprana literally translates to the ”ten vital elements of Tala.” The ten elements
are: Kala, Marga, Kriya, Anga, Graha, Jati, Kala, Laya, Yati, and Prastara.

Arthi Rao, in her in-depth study of musicological developments during the Vijayanagara
period, asserts that Tippa’s Taladipika was the first treatise to comprehensively define all
these elements. Some scholars, however, argue that the concept can be traced back to
Bharata’s Natyasastra [BR], albeit in an implicit or codified form. It is widely agreed that
all these elements were discussed under one name only in the medieval period. Subsequent
texts, such as Talakalabhi and Sangitasiuryodaya, both composed during the Vijayanagara
era, explicitly employ this terminology. Tippa discusses nearly all of the Pranas in the
first chapter, except for Prastara, which is treated as an independent chapter. However,
the author does not explicitly mention the term 7ala DesSa Pranas.References for the tala
pranas , Kala[TD.3,15], Marga[TD.3,4], Kriya[TD.19], Anga[TD.3,5,17], Graha,[TD.15,16],
Jati[TD.6,14], Kala[TD.6,9], Laya|TD.15], Yati[TD.15]

Note: These terminologies have undergone multiple transformations over time, reflecting
the evolving nature of the musical tradition. A significant challenge arises when identical
terms are used with vastly different meanings, often leading to misconceptions. The linguistic
evolution of these terminologies could be attributed to the continuous development of language
itself. From Bharata in 500 BCE to Ratnakara, Bhoja, Tippa, and contemporary scholars,
language has undoubtedly evolved and hence has played a crucial role in shaping and refining
the system.The present explanation of the desa pranas considers all possible meanings of the
terminologies, tracing their evolution.The order followed is not in the sequential list of pranas.
This approach has been intentionally adopted to better accommodate the interdependent nature

of the elements involved.
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Kala, Kriya and Kala

Kala, or time, serves as the fundamental parameter of the 7ala system. The perception of
time within this framework is intrinsically linked to a sequence of ordered actions or events.
Rather than being an absolute entity, time is conceptualized as the interval between successive
Kriyas (actions) [RN]. The measurement and regulation of these temporal intervals necessitate
a standardized reference unit, ensuring consistency and coherence in rhythmic execution. There
exist two principal schools of thought regarding the standardization of reference time units in

the Tala system.

(a) The first approach establishes a fundamental unit called ‘Matra,” which is defined as the
time required to articulate five ‘Laghu Aksara-s’ . This Matra serves as the standardized

Kala reference for measuring temporal intervals.

(b) The second approach, in contrast, does not adhere to a fixed Matra standard, recognizing
that the duration of a syllable can vary from person to person. Instead, this model begins
with Ksana as the smallest time unit and progresses hierarchically through Lava, Kastha,
Nimesa, Kala, and Truti, ultimately transitioning into the musical time units such as

Anudruta, Druta, Laghu, and Guru.

The Taladipika of Tippa Gopendra aligns with the theoretical framework established by Bharata
and Sarngadeva. Like these predecessors, he adheres to the first approach, which employs a
standardized unit—Matra—as the fundamental measure for defining Kala.[TD(1,,3)][SR.5].
N. Ramanathan, a pioneering musicologist, in his study Problems with the Present Tala System,
highlights the issue of the absence of standardized time units in contemporary musical traditions.
The tempo of a musical composition does not necessarily correspond to the speed of the Tala.
A song rendered in a fast tempo may not always require or imply a rapidly paced 7ala, and
vice versa. While the speed of melodic composition is often accounted for, the independent
regulation of 7ala speed has largely been overlooked in modern practice.Present measures of
using instrumentations like metronomes have initiated the revival of conscious specification
of the kala of the tala. However, this does not imply that ancient musicologists neglected the
concept of Kala; on the contrary, it was recognized as one of the most important elements of
music. Given that musical traditions were predominantly transmitted through oral instruction,
it is highly plausible that precise indications of kala may have been lost over time.

One thing to keep in mind is that the concept of measuring time (kala) primarily requires
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kriya (action). This term is not found in Natyasastra, Dattilam, or Brhaddesi. Instead, actions
were classified as kala or pata based on whether they produced sound. The term kriya was
first introduced by Abhinavagupta, a commentator on Natyasastra [RN]. Following his work,
explicit usage of this terminology is observed in Sarngadeva’s Sangitaratnakara.Kriyds(actions)

are classified into two broad categories:
+ Sasabda Kriya-s (actions with sound): Dhruva, Samya, Tala, Sannipata
+ Nisabda Kriya-s (actions without sound): Avapa, Niskrama, Viksépa, Pravésa

In addition to these classes, some kriyas are defined for specific applications, including
Dhruvaka, Sarpini, Krsna, Padmini, Visarjita, Viksipta, Pataka, and Patita. Sangita Ratnakara
also addresses the dimensions of these kriyas. Laghu, guru, and pluta, which are clubbed under

one term, lagvadi [RN].

The treatment of actions in Taladipika may appear to exhibit textual inconsistency. In
its introductory sections, where the text closely follows Natyasastra, the term kala is
employed, whereas in later sections, the term kriya appears. However,this does not necessarily
indicate ambiguity. The key distinction lies in understanding that kriya and kala are not
synonymous[AK]. When kriya is used, it strictly denotes an action, while kala refers to
time-action. Mukund Lath quotes ” kala was thus a unified notion both indicative of the
actions which manifested the time measure in tala and the units forming the time measure
itself.The two aspects of forming tala are in fact inseperable.The duration of kala is equivalent
to that of guru.[SR 5,20]. A comparable distinction in the use of these terminologies is also
observed in Sangitaratnakara[SR 5.6¢c, RN], further reinforcing the need for precise contextual

interpretation.
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Marga,Anga and Jati

Greater multiples of this fundamental time kala unit give scope for various rhythmic variations.
Within this framework or the temporal arena, different combinations are systematically created
and explored. The different modes or paths of playing in this arena is termed as the Marga.
Consider an action that can be performed over various time periods. If this action(kriya)
follows a path that takes 1 matra (standard unit time), it corresponds to one kind of marga , if it
takes 2 matras it classifies a diffrent marga and so on.While defining the marga the time-action
reference is used(kala). Tippa Gopendra Bhupala mentions two systems of classification. The
first categorization is as follows: Daksina :kala = 8 matras, Vartika: kala = 4 matras, Citra :kala
=2 matras, and Dhruva :kala = 1 matra. In the second mode of classification, the divisions are
Daksina, Vartika, Citra, Citratara (1 matra), Citratama (Y2 matra), and Aticitratama (druta).
In contrast, Sangita Ratnakara only mentions the first mode of classification.The concept
of marga, once central to rhythm and structure in classical music, has largely faded from
contemporary usage. While Sambamurti (1963) describes it as a framework for maintaining
rhythmic accuracy and notation consistency, its interpretation has evolved over time[RN].The
modern perspective aligns closely with Gati or Nadai, emphasizing tempo variations rather
than its original structural significance. Additionally, later texts introduce the term Kalai to
define the subdivisions, reflecting a shift in how rhythmic structuring is understood and applied

in music practice presently.

Afnga or ’a part’ , refers to the subdivisions within a kala.Elements such as druta, laghu,
guru, pluta, kakapada, and virama, are categorized as arigas in Taladipika. While Sangita
Ratnakara includes most of these rhythmic units, it does not explicitly use the term ariga. In
fact, the term ariga is absent in earlier works and appears only in texts that elaborate on the
tala-dasa-pranas, marking a conceptual additional to the pranas.The present-day concept
of Jati also emerges only in later texts that discuss the Desa Pranas. In Sangita Ratnakara,
the rhythmic structures Caturasra, Tryasra, Khanda, Misra, and Sankirna are defined in the
context of Marga Talas, but the term Jati is not employed. However, Taladipika explicitly uses

the term Jati while maintaining a similar classification.
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Graha,Laya and Yati

The term graha, denotes “grahanam™ meaning to grasp or catch. This term is not found in
Bharata’s Natyasastra, The term pani was used instead [RN]. In most of texts, the term graha
denotes the alignment, or lack thereof, between the start of the tala and the music. When both
the tala and music begin simultaneously, this alignment is referred to as ”sama”. If the music
starts before or after the tala, the graha is classified as either “anagata” or "atita”, depending on
which begins first. Taladipika follows Sangitaratnakara and describes the Grahdas Sama, Atita,
and Anagata with respect to the lag between the commencement of 7ala and commencement
of Gita/Vadya/Nrtya.

Laya is defined as the period of rest following a kriya. In terms of its amplitude, it is categorized
into three types: Druta, Madhya, and Vilambita. This terminology has remained consistent in
all previous texts, and its meaning has remained unchanged in contemporary usage.

The manner of change in laya is termed as yati. This term has been in use since the time of the
Gandharva system. The change in laya can be observed in two ways: one within a tala and the
other between two renderings of a tala. Taladipika follows Sangita Ratnakara and classifies

yati-s into: Sama, Srotogata, and Gopuccha.

Understanding the various meanings and the emergence of Desa Pranas provides deeper
insight into their underlying principles. Time is both confined and defined, establishing a
fixed reference. The segmentation of time into measurable units (arigas) forms the basis for
structuring rhythmic patterns (jatis). Specific actions (kriyas) are employed to measure time,
while the intervals between these actions determine laya. Variations in laya manifest as different
yatis. The combination of time and actions yields measurable unit (kala). Manipulating these
temporal divisions (kala)gives rise to different margas, while diverse methods of initiating
and developing musical phrases define various grahas.This systematic structuring is essential
for developing an intuitive understanding of time.Organizing these characteristic (pranas)
into a cohesive framework under single board has significantly simplified the comprehension,
classification, and practical application of talas.It is a fair possibility that Tippa Gopendra
Bhiipala was among the first to formalize and integrate these elements into a unified format.His

contribution has been pivotal in shaping many present-day rhythmic curations.
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2.4.3 Marga Talas

Post the descriptions of some the fundamental components , Tippa proceeds to elaborate on the
Marga Talas, detailing their structural characteristics and principles of amplification.[TD.6-13].
The initial divisions of Caturasra and Tisra are introduced, followed by a subsequent
classification into the following subtypes: Caccaputa,Cacaputa, Satpitaputra, Sanipakvestaka,
and Udghatta, ,where the first belongs to the Caturasra category, while the rest are classified
under Tisra. This classification is not an innovation but rather a continuation of an established
tradition. Nearly all post-Bharata authors have adopted and reinforced this scheme in their

treatises.

It is to be noted that, up to this point in Taladipika, no formalized symbolic encoding system
had been introduced. This section marks the initial use of distinct rhythmic symbols—c,
q, | or letters to denote specific elements.Bharata, in his Natyasastra, does not employ any
coded notation for the explication of Talas, relying instead on descriptive prose. In contrast,
Sangitaratnakara systematically incorporates a structured symbolic framework to represent
Tala angas. Given these methodological differences, the most effective approach to deciphering
the notation used in Taladipika is by comparative analysis. Ratnakara has been thoroughly
studied and revived, and the arigas of the talas are easily accessible. Table 2.4.3(1) presents the
Marga talas and their corresponding angas documented in Taladipika and Sangita Ratnakara.
Except for talas Caccaputa and Cacaputa, the rest exhibt similar structures. (s = <, | = [,§ =

<), a .These codes are representatives for guru(G),laghu(L.) and pluta(P) respectively.

Marga Talas | Taladipika | Ratnakara
Caccaputa | 2ccclg | s sl$
Cacaputa <l sl s

Satpitaputra | <I2CIg | $lsslS

Sampakvestaka| Gcccg | § sss §
Udghatta ccd SSS

Table2.4.3(1):Comparison of Marga Talas in Taladipika and Sangitaratnakara
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Ratnakaraand Taladipika provide explanations for these talas but explicitly mention only
certain arigas, leaving the rest encoded. yet they only specify certain angas, The missing
elements must be deciphered through a careful analysis of the encoded structure. Given that
numerous texts align with the structural framework established in Sangitaratnakara, Tippa
largely adheres to the same explanatory model as Ratnakara, albeit with an erroneous code.
This discrepancy warrants rectification to ensure conformity with the Sarngitaratnakara format.
Moreover, in the treatment of amplification of these talas, Tippa accurately employs the
appropriate notation, further corroborating the presence of a typographical error in the talas

concerning Caccaputa and Cacaputa.

Amplification:
The talas are subjected to amplification of different orders, which includes dvikala , chatuskala,
and further divisions. Amplification, in this context, refers to the extension of time units.
For instance, in the case of dvikala, the total time (kala) is doubled. In order to facilitate
smoother or easier transitions, all angas are unified into a single unit. Since the entire system
is measured in terms of kala, where the unit of kala is equivalent to that of a guru [RN], each
anga is converted into the corresponding number of gurus for the amplification process.The
process of converting elements into the guru format is a common practice, found in texts such
as Ratnakara, Natananirnaya, Sangitasuryodaya, and others.
(Note , (L=2D, G=4D , P=6D, if D=1 ; L=2, G=4, P=6))
Dvikala Caccaputa:
Ekakala format:

2cI§ or GGLP

Converting into gurus:
G+G+L+(L+G)=G+G+(L+L)+G

=G+G+G+G=(GGGQG)

Doubling:
GGGGGG GG
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Catuskala Caccaputa:

Ekakala format in guru:

GGGG
Four times:
GGGG GGGG GGGG GGEGGE
Similarly ,
Marga talas | Kkakala Dvikala Chatuskala
Caccaputa: GGLP (GGGG) GG GG GG GG GGGG GGGG GGGG GGGG
Cacaputa GLLG (GGG) GG GG GG GGGG GGGG GGGG
Udghatta GGG « «
Satpitaputra PLGGLP (GGGGGG) | GG GG GG GG GG GG | GGGG GGGG GGGG GGGG GGGG GGGG
Sampakvestaka | PGGGP (GGGGGG) | “ «“

As observed, the Dvikala and Chatuskala patterns of certain falas may appear identical.
However, the distinguishing factor between these two is rooted in the execution . It is important
to note that these talas are performed with specific kriyas represented by the letters G, L, and P.
To precisely define each Anga of a Tala and its corresponding mode of action, the author employs
the Patakala Vidhi. As previously discussed, the terms pata and kala (in their earlier contexts)
were used before the introduction of kriyas, referring to the shasabdha (sound-producing) and
nisabdha (silent) kriyas . This segment introduces an alternative method of encryption, similar

to the system outlined in the Ratnakara. The methodology is elucidated through some examples.

In Satpitaputra

ekakala: TAT3TAT3Td]

dvikala: ™9 a=F ar F2r arr Fem
o

o

chatuskala: 3TTHTIY SATATIAZT STTAAT T STATEY TSI

These terms may initially seem arbitrary or devoid of meaning. However, upon closer
examination, it becomes evident that specific letters are designated for Sasabdha
(sound-producing) actions and nisabdha (non-sound-producing) actions.In particular, the
letters (H,2[,d) are classified as Sasabdha, whereas all remaining letters denote nisabdha
actions.(Sasabdha kriyas: superscript *,nisabdha kriyas: superscript ™). For instance, the

Ekakala of this Tala is represented by PLGGLP, comprising six arigas. Correspondingly, the
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code consists of six letters: (?zl' dl 2N dTl 2A dT), all of which are classified as Sasabdha. This
signifies that the execution of these arigas requires sound-producing actions.. Thus, the final
notation P°L°G*G*L* P*. For dvikala GG GG GG GG GG GG, the respective code given is ( S1)
ar =ar ﬁ?l' dar ﬁ?:l'r[).The final representation ,G"G"G*G*G"G*G"G*G*G"G"G".For
chatuskala, STTHAT  SATATiaRT ATAAr AT SrdTiay M | the final
representation is G"G"G"G" G"G*G"G®* G"G"G"G®* G"G"G"G® G"G*G"G" G"G"G"G*

In Sanmipakvestaka the dvikala is represented by (ﬁ'?l' F=m Mar ==r am ﬁ%‘l*i),
giving G"G"G"G’G"G*G"G*G’G"G"G".This illustrates that although the angas assigned to
these talas are identical, the kriyas (mode of action) serve as their distinguishing factor.
Additionally, it is noteworthy that the number of sabda kriyas remains constant, matching that

in ekakala, while the amplification occurs through nisabda kriyas.

One of the interesting observations when comparing the marga Tala notation schemes
across various texts is the variety of letters used for the notation. Some systems adhere strictly
to what Ratnakara introduced, while others introduce their own letter codes. The present-day
anga notation precisely follows that given by Ratnakara. However, an intriguing question
arises: how is it that texts like Taladipika and Sangitasiiryodaya,both of which cite Ratnakara
and largely follow his principles have their own unique letter systems for the ariga notation?It
is important to note here that Sarangadeva, hailing from the Kashmir region, is distantly
separated geographically from the authors of these southern texts. Much of this traditional
knowledge system was passed down orally, and yet, remarkably, the principles and concepts
were preserved with accuracy across such vast geographical distances.One possible hypothesis
for the variation in the notation schemes is that the availability of written sources of Ratnakara
was limited, and thus the authors texts may not have had access to his written works. It is
possible that the written ariga notation was not known to them. Another plausible explanation
is the linguistic diversity of the available manuscripts in the present time. For example, the
Taladipika exists in both Telugu and Sanskrit versions. Due to translation processes, it is

possible that the notations were preserved in their original form even with language variations.
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udghatta and sadpithaputra

PG TR AT QTAAGET™27 27 1A 7Y N AN Ny 431§
“ﬂmmmm LG R C R RO URERER LR THRuQAgR| Nortananirnaya
TN ET Ao - TS WW??WW—{'Z? i Taladipika

dvikalacacaputa
T T ey — v ; - -
I N, L : : . Sangitaratnakara
a3 R QBTG
e At gg e Ao g3 22 2T | Taladipik

o " o A
.qg-é’ ( R Tt
Jgoh 193¢ ¢33 i’% & ’_“/:u‘ﬂ_i‘ Sangitasiryodaya

Marga talas from various sources

Comparing Marga talas with present day talas

With the exception of Caccaputa, all the other Marga Talas exhibit palindromic structures.
This implies that these sequences possess mirror symmetry about a central point in time,
such that they remain identical when read both forward and backward. In contemporary
times , such structures are referred to as palindromic rhythms or non-retrogradable rhythms,
as their mere reversal does not yield a new rhythmic sequence[geo]. Symmetric rhythms
have historically been favored due to their inherent balance and structural stability. Their
predictability makes them highly suitable for various artistic and performative applications,
particularly in poetry, dance, and music compositions. According to Bharata’s Natyasastra,
all forms of art were inherently interdependent, seamlessly blending into theatrical dance and
musical performances. However, not all rhythmic structures are conducive to dance or aurally
pleasing. As a result, most marga talas that exhibit symmetry were likely curated to ensure
their practical applicability in performance contexts. In contrast, in the present scenario, not all
art forms are necessarily performed together. While fundamental rhythmic structures remain
predominant in dance and poetry, music and its instrumentals have evolved to incorporate a

diverse range of rhythmic patterns, extending beyond the marga framework.
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Fig. 2.4.3(2) illustrates the geometric representation of the Marga and present-day Talas. This
diagrammatic representation is influenced by the work of Godfried T. Toussaint, who developed
similar representations for Western classical music.The Anga time measures are assigned as
follows: D =1, L =2, G =4, and P = 6 units, respectively for marga talas. An important
thing to note is that the values of Laghu in time units are fixed in the case of Marga Talas,
whereas present-day Talas have variable values (3, 4, 5, 7, 9).Originally, Laghu, Guru, Pluta,
and smaller units like Druta represented single time units created by one Kriya, followed by rests.
However, over time, Laghu and Druta have come to represent groups of time units instead of
individual ones. Today, Druta consists of two time units with two Kriyas, while Laghu generally
consists of four time units and four Kriyas. This shift has led to a divergence from their original
meanings.[RN] Most of the Talas represented here have the value of Laghu set to four. On
comparing Triputa Tala with a Laghu value of 4 and Laghu value of 7, it is seen that the structure
remains similar, just shifted in time. Except for all the Jatis of Matya and Caturasra Triputa,
no other palindromic Talas exist in the 35 tala system.The Dvikala and subsequent states of
these Talas are amplified by increasing each Aksara, leading to an increased number of cycles
of the same Tala to return to the origin. This means the geometric shape remains unchanged.
In contrast, in Marga Talas, the increase is with respect to Guru , and thus the geometric shape
varies. While certain similarities between the present-day Tala system and the Marga system can

be observed, various modifications and developments have led to very a distinct system.
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b)

dvikala-Caccaputa

Triputa(4)

Triputa(7)

Fig:2.4.3(2). Comparing marga talas with present day talas




2.5 Desitalavivekaha

This section constitutes the most substantial portion of Tippa’s Talapipika, wherein various
forms of regional (Desi) talas are systematically enumerated, followed by an in-depth analysis
of their structural characteristics. Tippa employs three distinct methods for codifying the tala
angas. The first method utilizes symbolic notation, where each anga is represented by specific
syllabic markers: druta (tha - 3), laghu (1), guru (ta - ©), pluta (da - <), kakapada (+), and
virama (— or a bindu on a letter, e.g., é) The second method adopts an alphabetic abbreviation
system, using the initial letters of the respective angas: druta (§), laghu (¢%), guru (3T), and
pluta (9). The third method uses words to codify the angas. In most instances, two methods are
employed concurrently, ensuring clarity and precision in the representation of tala structures.
The concise notation facilitates quick identification of tala structures, while the elaborate
coding methods serves as a verification mechanism for accuracy. This dual-layered system
is particularly useful in rectifying errors—if one representation contains inconsistencies, the
other serves as a cross-check, reinforcing reliability.

Here are a few simple examples to illustrate the system:

1. TSIGYaqsh g Tdradedr |11 3T TsTdie: 3888 oid Igard:||

gajelaghucatuskani syadrangeganitacaturdrati |||| iti gajatalah. thathathathata iti rangatalah.

The direct and concise approach is used here. The first part of the verse directly describes the
angas, while the second part provides the concise notation.

Breakdown:
e gajelaghucatuskani - Indicates four laghus in gaja tala: 11|1(LLLL)

* syadrangeganitacaturdrati - Specifies four drutas followed by ga (guru) in rariga tala:

3333¢(DDDDG
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2 TATAFTAGHT: Jeftes: JAga: B Soaueaiehdre:

pagalalagapalogah plutolah plutaladrutah iti colamandalapalakatalah

The tala structure is suggested using the second method, employing the first letters of
the respective angas: pa = pluta, la = laghu, ga = guru, da = druta.

Breaking it down:

pagalalagapalogah = pa+ga+la+la+ga+pa+la+ga
plutolah = pa + la

plutaladrutah = pa +la + da

Joining them together:

PGLLGPLGPLPLD

Or, in Tippa’s convention:
colamandalapalakatalah: < | IS IEgITAHS

3 AAHATARURTSIIE GIdTes Wied: SCEegeec|

tatas savaranarajadau pautratale pagaucatuh data data data data

This example demonstrates the complementary usage of two distinct coding techniques. The
first part of the verse employs an alphabetic notation system to represent the tala structure,

whereas the second part provides a compact symbolic representation. Analysis:
* U (pa) - pluta
. Tﬁ (ga) - guru

» dd: (catuh) - four

The first code specifies that the tala consists of four plutas and four gurus. However,
it does not explicitly indicate the precise sequence in which these elements are arranged.
Multiple configurations are theoretically possible, such as GGGGPPPP, GPGGPGPP, or other
variations. This inherent ambiguity necessitates the inclusion of a secondary coding system
for disambiguation. The second notation, "sCgCgC ", systematically encodes the sequence
by explicitly interspersing the plutas < and gurus <. This structured representation ensures an

unambiguous reconstruction of the tala pattern, thereby enhancing the precision of the system.
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4. FrezTgg TR foRrETIgd IR g Mg
nisSanketu Sarascapo vidyuccapadvayani Sarah | iti nisSarkah

The third system is in action here. The tala is encoded using specific syllabic representations:
» 2IX: (Sarah) - laghu
* dMY: (capah) - guru
. ﬁ"@?[(vidyut) - pluta
From this, the tala structure can be decoded as follows:
e 2RYTY: (Sarascapah) = laghu + guru = | (LG)
. %ﬁliqua'q (vidyuccapadvayam) = pluta + guru + guru = gc< (PGG)
¢ 2IR: (Sarah) = laghu = | (L)
Combining them, the final the representation of Nissanka tala is LGPGGL, |[2gc<2|.

5. QagAr S S faegmar Sutl SiegE e wrede =

HHA I CEEEHE EE R

purve pluto banacapau banau bindiigapau lapau | lobindugatrayani ladhvormadhye kakapadani
param ||

The tala structure for purvatala is encoded using all the above coding schemes. Breakdown:
. Q%ig?r: (purve plutah) — The first anga is a pluta (P).
. EFI:I?JTCﬁ' (banacapau) — bana (arrow) (L) and capa (bow) (G).
« STOTT fS=EITHT (banau bindigapau) — banau (2L), bindd (2D), ga (G), pau (P).
. FFCﬁ (lapau) — laghu (L) and pluta (P).

. ?lié?jlﬂd FEHH FHhIS URH (lo binduga-trayam ladhvormadhye kakapadam
param) — ‘lo’ (L), bindu (2D), gatrayam (3G), both interspersed between the laghus, and
finally ending with a kakapada (+).

Combining them: PLGLLDDGPLPLDDLGGGL+ (1< | [332qIgI3a [Eec |+
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The interpretation of tala structures in Taladipika presents several complexities. Unlike texts
such as Sangitaratnakara Nartananirnaya or Sangitasuryodaya, where tala definitions are
distinctly separated for clarity, Tippa’s treatise groups multiple talas together. Though indented
to find similarities, this makes it difficult to discern which specific tala a given characteristic
pertains to. When multiple talas are discussed simultaneously, it stands unclear whether they
are synonymous, share similar structural elements, or represent a single tala with an extended

name. For example:

AT Tgsh ST S aIaRS: 38| AT g eATshiel arel| sl =
Y Y Y Y Y o o Y
SLRERSAH BT AR | 3 SYER: | [[TD.25]

In this verse multiple components are involved, making the identification of individual
tala names and their structures particularly complex. Furthermore, Tippa employs three distinct
modes of codification in his descriptions. Since different musical texts use varied encoding
schemes to represent falas, familiarity with only one system is insufficient. A comprehensive
understanding of pre-existing tala nomenclature is necessary for decoding newly introduced
talas in Taladipika.

Tippa enumerates 223 talas—103 more than Sarngadeva. He incorporates nearly all of
Sarngadeva’s 120 talas, with the exception of a few such as Candatalah, Darpanah, Ghatta,
Sarngadevah, and Yatilagnah. The presence of common talas has been instrumental in
identifying and extracting the structural patterns within 7aladipika. Girija Easwaran’s
Talalaksana Samuccayam has been of immense value in understanding tala structures across
different texts[GE]. By drawing from multiple sources, it provides an organic insight into the
intended purpose of these classifications, thereby establishing a methodological framework
necessary for analyzing Taladipika. Through meticulous analysis and cross-referencing, it
becomes possible to reconstruct at least some of the tala structures encoded in Tippa’s work.
Additional challenges included the legibility of the verses in the manuscript, as in some
instances, only the first half of the verses remained visible. Furthermore, a missing page (page
32) has resulted in the loss of crucial details regarding the characteristics of certain talas.The
next few pages gives a tentative list of 215 talas out of the 223 addressed in Taladipika.Between

[TD.25] and [TD.26], the talas listed on page 25 are enumerated, and so on.
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. Ekatala [TD.25]

. Druta Sekhara

. Aditala

. Rasa Tala

. Ananda Baddha

. Nissara Tala

. Krida Tala

. Vipafici Tala

. Laghu Sekhara Tala
. Kandarpa

. Lagna Tala

. Viravikrama

. AntaraKrida Tala [TD.26]
. Trtiya Trivibhaga
. Parathrivita Tala

. Turanga Lila Tala
. Pratyaya

. Tunga Lila Tala

. Vijayasthatta Tala
. Karuna Tala

. Cancalya

. Hamsal1la Tala

. Bhisaka

. Samaranka Tala

. Dombali Tala

. Rudradvipaka

. Hamsa Tala

. Kamlasparsi Tala
. Simhavikrida

. Mathya Tala

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
S1.
52.
53.
54.

Jaya

Jhampa Tala
Vanamali
Baddhapana Tala[TD.27]
Syatu

Paraprati Tala
Vaikunda Tala
Kudukka Tala
Parikrama

Sat Tala

Jhampata Tala
NisSanka-atta Tala
Sama Tala

Tata Pratimatta

Jaya Mangala
Mattika Tala

Jagat Jhampa Tala
Visama

Kunda Sundara Tala
Varnamitaka [TD.28]
Simhalila Tala
Chatta Tala

Raja Mrganka Tala

Catus Tala

55.RajaMartandaTala[TD.29]

56.
57.
58.
59.
60.

Kusumacaturtala

Para Jagat Jhampa Tala
Trasna Varna Tala
Vaficitapta Nissaru Tala

Makaranda Tala
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61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
7.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.

Srikirti

Malla Kamoda Tala
Matallt Kamoda Tala
Gaja Tala

Ranga Tala
Parvatilocana
Carabaddha Tala
Lalita Tala

Rati

Varna Bhinnaka Tala
Mangala Tala [TD.30]
Ladhata Tala
Lalitapriya

Gajalila Tala
Panchama
VijayaPriyangaMathya
Utsava Tala

Abhanga Tala
Visama Tala

Pratapa Sekhara Tala
Catuska

Simha Tala

Sarasa Tala

Raga Vardhana Tala
Pafnca Ghataka Tala
Mathya Gauri Tala
Kumuda Tala
Mukunda Tala
VarnaMattika[TD.31]

Tripurantaka Tala



91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
I11.
112.
113.
114.
115.
116.
117.
118.
119.
120.

Sarasatva

Abhinava Tala

Para Vira Vikrama Tala
Parikrama Tala

Nandana Tala

Candra Tala

Vardhana Tala
Candrakala —

Vallaba Tala

Kuruvinda

Anga Mathya
Sundarokthra Mathya
Visama Kankala Tala
Parna Kankala Tala
RajaVidyadhara [TD.33]
Kandarpa Tala
Caturasra Varna Tala
Sri Kirti Tala
Tribhangirarati Lila Tala
Tribinna Tala
Kokilapriya Tala
Kankuta Tala
Rayavankala Tala
Paranandana Tala
Laksmisa Tala
Rajapaksi Tala [TD.34]
Saluva Tala

Sarasvati Kanthabharana
Dipaka Tala

Mohana Tala

121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.

Mohana Murari Tala
Narayana Tala

Nandi Tala

Caturasra Varna Tala
Lalitapriya Tala
Kuvinda Tala
Caturmukha Tala
ParaMakaranda [TD.35]
Sri Nandana Tala
Babara Bahuka Tala
Vijaya Ananda Tala
Ranga Pradipa Tala
Pratyanga Tala

Sri Ranga Tala

Kala Dhvani Tala

Rati Lila Tala
Simhanada Tala

Jaya Mangala Tala
Raja Cudamani Tala
Para Nandi1 Tala [TD.36]
Chandas Tala

Jayashri Tala
Hamsanada Tala
Varnayati Tala

Anga Tala

Saika Nissabdha Matta
Kathart Saluva Tala
Vasanta Tala
Rangabharana Tala

Vijaya Tala [TD.37 |
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151.
152.
153.
154.
155.
156.
157.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.

Jaya Tala

Mukhya Matta Tala
Saubhata Matta Tala
Rangodyota Tala
Pararanga Pradipa Tala
Kirti Tala

Rajatala

Dharani Varaha Tala
Ubbaraditya [TD.38]
Nisshanka Tala
Nishanka Lila Tala
Sarngavega Tila
TyagaSimhasanadhesa
Para Raja Tala

Dvandva Tala
Misraghanda Tala

Kirti Tala

Para Matta Tala
RangaRajasthapaka
Parvatilocona [TD.39]
Sagara Durga Vipataka
Janaka Tala
DaksinaSuratranaVipata
Anya Parvatilocona Tala
Canura Malla Tala
Candra Kala Tala
Simha Vikrama [TD.40]
Anya Janaka Tala
DvinissabdhaMathya
Charchari Tala



183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.

KanyanapuraNayaka Tala

Simha Vikrdita Tala

Alaksita Tyaga Saunda Tala
Chalikaya Narayana Tala

Laya Tala

Misra Varna Tala [TD.41]
Bharatarnava Parina Tala

Savarna Raja Pautra Tala

Bopa Raja Kumara Tala

Rama Setu Stambha Sthapaka Tala
Cankana Puradhipa Tala
Parasimha Vikrdita

CandraSekhara Kinkara Tala
Timma Bhiipala Sodara Tala [TD.42]
Chola Mandala Palaka Tala
Champu Raya Sthapaka Tala

Alampaka Ksetravira Tala

200.
201.

Tribhuvanapurva Rayara Ganda Tala

Utplutikarana Samuddharaka Tala

202.SuddhaKarana Samuddharaka [TD.43]

203.Candra Vams$a Tilaka Tala

204.
205.
206.
207.

Tippa Raja Tala

Savarna Raja Tala

Sriranga Dhrohi Saptanga Hara Tala
Atharana Dhani Salaka Dhraraka Tala

208.SarngaPaniMandapa Karana[TD.44]

209.
210.
211.
212.
213.
214.
215.
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Anavarata Tyagi Tala

Timma Bhupala Tala

Kampa Raja Sthapaka Tala
Vamanalankrti Vyakhyakara Tala —
Paficaganta Nada Tala

Pirva Tala [TD 45]

Simha Nada Tala



Ratnakara vs Taladipika

Tippa’s convention: Druta (tha - 3),Laghu (1),Guru (ta - ©),Pluta(da - <), Kakapada
(+),Virama ---, ‘s, or a bindu on the letter 3.
Sarangadeva’s convention: Druta () Laghu (1) Guru (s) Pluta (s’) Virama (bindu on the

letter: ©', |, or connecting letters ) ¥ for nihsabda kriyas.

(The term kakapada is not used by Sangitaratnakara; instead, it addresses it simply as a
nih$abdha kriya.)

Given below are verses from Sangitaratnakara and Taladipika that describe the Jaya tala:

ST F9ar gl 9% 3 S13:1 [SR.5]

Jo laghur dvau drutau pasca iti jayah.

SIS~ &ohl gggﬁ«ggoi gﬂt | [TD.37]
Jayeladyantakad vakral laghur binduyugani plutah.

Tala angas : I€|133< or Is| 00§ = LGLLDDP

Although both texts define Jaya tala identically in terms of its rhythmic structure, the variation in
linguistic expression highlights differences in technical nomenclature and descriptive approach.
Sangitaratnakara provides a more direct enumeration of its components, whereas Taladipika is
more precise. The table (3.5.1) compares select talas from Taladipika with those in Ratnakara.
At most, no significant variations in the structure of these talas are observed. However, there
are instances in Taladipika where the dual coding contradicts itself. In such cases, the more

elaborate coding is considered accurate, while Ratnakara is taken as the standard reference.
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Apart from the differences in the basic coding scheme, there are a few key aspects that

differentiate Tippa’s approach to the tala system.

N\~ . A e N o o al Y
ecdthl <l=idlmiAl 3- 2 TRIMTHT: | SEAHAHTHSATAT: THH] fg\‘h’i@%‘W“:'
e U aY o h o [N N aN < (@
\3*|<“'||('<‘|®||"%4|°N"Q"||"||§;Q?qd|(ﬁq')|i| Uehd iRzl |°|Q|§;°|"(1 qrogdr: |

TTRIMIESY Ay R | g TRATGHER] TTRTAHEE!:
THAAT [T AT ST ehia 4 gadazla qrded= 70T ATe=dicd=-org: |
ferzredis e fRm=aaetaa: | srfsiNoT Mz gardsaaaiod: |
T2 [TD.25]

Upon completing the enumeration, the author offers a few insightful remarks. The first statement

ascertains the systematic compilation of 223 talas. The author further addresses some of the
most trivial points and issues with this classification.The author acknowledges that there may
be inconsistencies in naming and classification, urging scholars to analyze them carefully. He
identifies the number of recursive talas to be 41, and questions whether they truly deserve
separate classification or they are just different by name.For instance , talas Gajah and Gauri
are both explained to have four laghus (|111), meaning they follow the same time structure but
are named differently. As discussed earlier, Tippa resolves this by grouping structurally similar
talas together. While this approach may initially complicate comprehension, it represents a
novel method of classification. One example of this grouping is a set of talas that share the
same total number of time units but differ in their internal arrangement. These are essentially
different ordered permutations of D, L, G, and P, constrained to a sum of 12 units (D =1, L =

2, G =3, P =6). They correspond to different Prastaras of the 12-DPs (see Section 2.6).

Kantuka Tala 1ie LLLLG 12
RayavankalaTala zg|233 GLGDD 12
Paranandana Tala ||3s3¢ LLDDP 12
Laksmisa Tala 3511 DDLLP 12
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Note that these talas are discussed collectively in [TD.33], whereas Ratnakara treats them
separately and addresses each individually. Tippa adheres to systematic manner of arrangement,
starting with talas that have shorter time units and progressively moving towards those
with longer time units. The figure below presents a comparative analysis of the order in
which the talas are arranged, correlating the total sum of angas (n) with their corresponding
index numbers.The existence of this pattern allows for the easy identification of potential
misinterpretations of tala structures or ambiguities within the code itself. Outliers naturally

surface and can be addressed accordingly.

Ratnakara Taladipika
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Fig(3.2.1)Comparison of Ratnakara and Taladipika in Terms of Index

There exist quite a few instances where the dual codes are antagonistic. Here is an example:

TEAT AEHAATARE SR gal |
3330308330333038 Bid TgIBIe: | [[TD.40]

The first half of the verse explicitly mentions the inclusion of laghu, whereas the second half
does not account for it. This lack of coherence raises ambiguity in the intended structure of
the tala. Conversely, there are instances where the reverse occurs as well. In such cases,
rigorous analysis with earlier texts is required to resolve these inconsistencies. However, for
tala structures that are entirely new and independently introduced, even these measures become

ineffective, necessitating alternative methods for validation.
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Tippa Gopendra has composed a remarkable set of original and unique talas. His compositions
are marked not only by their unique rhythmic configurations but also an interesting approach
to nomenclature, where many talas reference themes of kingship, power, and war. The talas
he has introduced, such as Kalyanapura Nayaka Tala, Alaksita Tyaga Saunda Tala, Tippa
Raja Tila, and Saranga Drohi Saptanga Harana Tala, showcase a creative fusion of two of his
key interests.In addition to composing entirely new talas, Tippa also introduces variations of
existing ones. He adds a para or anya (alternative) to the names of these modified talas which
makes it easier to identify them. Some examples include Anya Parvati Lochana Tala, Anya
Janaka Tala, and Para Rangapradipaka. This process of transformation and reinterpretation
is a trademark of the creative evolution in Indian classical music, where traditional forms are

valued yet reimagined to explore new possibilities.

The similar trend is seen across many musical works. Robert Brown, in his Perspectives
on Tala,explores an existing format in which the talas are structured. He notes that about
twenty to thirty talas exhibit variant anga patterns compared to those in the Sangita Ratnakara,
while the remaining talas—approximately two-thirds of the total—align with it. These original
compositions are usually indicative of the authorship. For instance, in Ratnakara, the last
twenty talas are likely inventions of Sarngadeva. These talas do not appear in any other lists
unless cited directly in full. Just as there exists Sarngadeva Tala, there exists Tippa Raja
Tala and many others. The important question to address is whether these talas were mere
theoretical constructs or were they part of active performance traditions?Table (3.5.2) presents

some original talas and unique compositions of Tippa Gopendra.
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Table 3.3.1: Comparing Ratnakara and Taladipika

Desi talas Ratnakara Taladipika I’I::Eg
1 |3 Abhangah 1§ 1T 30
2 [eTTfedTet: ATE: Aditalah/Rasah | I 25
RIEEEN Anangah 1§10 1s (AN 36
4 [Tl Caccari 00°00°00°00°00°00%°00°00" | 353535533 | 40
5 [Pl Candrakala sss§§§l LA 39
6 ﬂﬁ(%lﬂuf : Caturasravarnah sloosg ACEXA 34
7 [ Caturthakaha Ilo 13 27
8 [&u: Dipakah 00l lss 33|12 34
9 [E=: \Dvandvah I 1sssl$ 11Z&21g 38
10 [TadTfe Ekatali o s 25
11 [T {TRT Gajah, Dhara 1l (I 29
12 [Tl Gajajjhampatalah soo’o 2333 29
13 [Tt Garugi 000 3335/ 33-33- 27
14 [T Gaurt N I 30
15 [game: Harmsanadah 1§00 1283 36
16 [SH®: Janakah I111ssllss 1112z 39
17 [13: Jayah Isl 100§ 121133 37
18 [SIgHg: Jayamangalah Ilslls ez 35
ICEELIGIGH Jhampatalah o‘o — 35— 26
20 [®<: Kandarpah oo | ss 33|12 33
21 [BgTcl: Kankalah I'ss 122 31
22 [BUOT: Karanah s < 26
23 [@ifer B Kokilapriyah sl§ 21 35
24 [Ffa<a: Kuvindakah loos§ 13322 34
25 [deHeT: Laksmisah 0§ 38115 35
26 [Afeami: Lalitapriyah Ilsls (NEAE: 34
27 [T Layah sl§§§s§ooo 2IEETIZT33 3 40
28 AP ‘Makarandah oo ||l EXIAA 29
29 (AR Mallikamodah lloooo 113333 29
30 [wfvsar Mantika 100 — 1133 28
31 [gP<: \Mukundah loooog 133332 31
32 [T Nandanah loo§ 133% 31
33 [ ergeias: Ni Sarikaltlakah §éss 22T 38
34 |FwTg: Nihsankah Iséss | 12322 38
35 [grdfaetran: Parvatilocanah sssl§ssoo (LA KA T3 39
36 [MATISIER: Pratapasekharah §0°0 233 30
37 [afeves:, Biews: Pratimanthakah, Kollakah Ilsorsll el 30
38 [Udg: Pratyangah sssll Z2ZTZ | 35
39 [ISTIgMIOn: Rajaciidamanih oolllools 35 11133 12 35
40 [THTIOE ; Rajamartandah slo ek 29
41 RISTdTeT: Rajatalah s§oos|§ 332 38
42 [SIfEmR: Rajavidyadharah | soo 12233 33
43 [TFTHOT: Rangabharanah ss 1§ ELANKS 36
44 [T Rangah 0000g 3333 Z 29
45 [EUEE: Rangapradipakah sslsé el 33
46 [TFEa: Rangodyotah sssl$§ FLLAKA 37
47 [@9: Samdah Il <o 1133 28
48 [@RE: Sarah loool | 1331 | 30
49 [EREEATBUSTRIT: Sarasvatikanthabharanah sslloo 21133 34
50 [S&dTeT: Sattalah 000000 Errrrr] 27
51 [ Simhah lolll 13111 30
52 (fEctien: Simhalilah looo 1335 29
53 (e Simhanadah I'ssls 12212 35
54 |fEET=: Simhanandanah ssl§lsooss I§18s1-¥x 212 1233 W |+ 45
55 [fEefaes: Simhavikramah sssl§ls$ TR, 40
56 |HPIfe: Srikirthih lss iz 33




Table 3.3.2: Some unique talas in Taladipika

Desi Talas [TD] In Tippa’s convention In D,L,G,P

1 FUSTRYSRAT: \Rangarajasthapakatalah 23323C33G GDDGDPDDP

2 RfergEmTgd ureddrd: \Daksinasuratranapirvavipatakatalah 23| | 13233 PGDLLLDGPD

3 Ui erdTd: Anyaparvatilocanatalah 1 T2Z|3TT3S GGGLPGGDD

4 FRUTI e reFdTe:R Anyaparvatilocanatalah 2 13313322 11121 | LDDLDDGGLLLLGLL

5 [ATURHewTdTeT: Canaramallatalah 233131333 PPDLDLDPPP

N EGRICUIRICH Dvinih$abdha Madhya Talah I 12eH+ GLLGG++

7 [ FATGATIBATA: \Kanyanapura Nayaka Talah 2 3333 TS 3333 T GGDDDDGDGDDDDGG

8 [EefEpfsaara: Siriha Vikridita Talah & ZIZ LLPGPLP

9 PreTferdaTTIvEdTd: \Alaksita Tyaga Saunda Talah 1131113333 | 13113333 1133 || LLDLLLDDDDLLDLLDDDDLLDDLL
10 [ATfEERARRIOTAT: Chalikaya Narayana Talah ITZITRITR LGPLGPLGP

11 [fFeraofare: Misra Varna Talah FESEBBEESIEEALTESEL | DDD*DDDD*DDDD*D

12 MRATOTIATROTATeT: Bharatarnava Parina Talah 3311331 1331 1331 138 DDLLDDLLDDLLDDLLDD

13 [GTEu RIS ST Savarna Raja Pautra Talah qdadaal PGPGPGPG

14 [TORTSTHHRAT: Gopa Raja Kumara Talah 3321333128 12%3 DPGLDDDLGPGPD

15 mi [Rama Setu Stambha Sthapaka Talah ERICARA ) DPLLPLPLPLPD

16 a%uTﬂ'{ﬁW?ﬂﬁ Carkana Puradhipa Talah AR CARCAREA R AN LPLLPLLPLLPLLPLL

17 [RfgefpfEa Parasirha Vikridita 32T 1 32T 132 LPGLLPGLLPGP

18 [EESIERIBgAT: Candrasekhara Kirnkara Talah <[ 3L313LS TS PLDPGDLPGDGD

19 [faenuTeTaeaTe: Timma Bhipala Saudara Talah ek ieca e LPGLPGLPGLPG
20 [ATTUSAUTABATH: Chola Mandala Palaka Talah ECAN KL KA KA PGLLPGLPGLPLD
21 (TR ETRATE: \Alampaka Ksetravira Talah EAEAEA A GPLGPLGPLGPLD
22 [FYaYERR—ERTUSdT: Tribhuvanapiirva Rayara Ganda Talah EINEANEAR AN CAN AN EAR kS DLLGLLGLLGLLGLLGLLGLLD
23 mﬁwragmwm: Utplutikarana Samuddharaka Talah* 1ZI1Z121212121213 LGLGLGLGLGLGLGLD
24 [YERUTHHGRBATA: Suddha Karana Samuddharaka Talah 332NN 12| 122 1233 DDGLLGGLLGGLLGGLLGDD
25 [ArsaRTidedmdT: Candra Vamsa Tilaka Talah* 22| | 32| | 32| | 3| | B3 GGLLDGGLLDGGLLDGGLLDD
26 [foRTSTdTe: Tippa Raja Talah 3335 133315 1333 |51333| s13331s| [DDDLs LDDDLs LDDDLsLDDDLs
27 [ATEURTSdT: Savarna Raja Talah TIeBILEEIILIEEIS GPPDDGPPDDGPPDDD
28 |siREH e e Srirariga Dhrohi Sapthanga Hara Talah — |33233| 132332 PPGPPLLPGPPG
29 [T TAhRATA: Athaharana Dhani$alakadaptakaTalah [LLALLALLALIA GGPGGPGGPGGP
30 [SITFUTOTHUSUHREBAT: Sarnga Pani Mandapa Kaaraka Talah IZIZIZIZI++ LPLPLPLPLPL ++
31 PRI Anavarata Tyagi Talah ECAN A RN AN ey PPLLLGGLLLGGLLLPPD
32 [fav T Timma Bhipala Talah TG TEEE TEEE T GPPGGPPGGPPGGPPG
33 [PISTRITIR el \Kampa Raja Sthapaka Talah ESCEECEEE) PPDPPDPPD
34 [ATFHTTg (AT RATET: Vamanalankrti Vyakhyakara Talah 13| 3¢BE3G3LS | 5 | 5¢BE3eS | 35 LDLDGDPDPDGDLDLDGDPDGDLDD
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2.6 MagadeSiprastaranirupanam

Indian classical music is mathematics in disguise.The soothing melodies are stratagic
orchastrations with fine flavours of artistic exploration within the logical framework. Its
originality and profoundness can be attributed to the intense mathematical rigor in exploring
the melody and rhythm dynamics ; "The Raga and Tala system”.This is a very distinctive
system, featured exclusively in the Indian aesthetics domain. Both ragas and ralas have
been explored significantly in the eye of mathematics and symphonies. The Earliest treatises
that address the matter of prosody by means of combinatorial tools called pratyayas are
Pingala’s Chandas-shastra(300BC) and Bharata’s Natya shastra(S00BC). The ingenuity of
these theorists is reflected in their ability to:

>Express complex principles concisely while maintaining clarity and precision.

>Develop a compact tabulation methods for systematic organization.

>Simplify intricate formulations into basic arithmetic operations for ease of computation.
>[llustrate the practical relevance of these theoretical constructs in order to make them a lot

easier.[AK]

Chandah Sastra was a part of the Vedic learning and played a crucial role in preserving
various kinds of metric alliterations. This §astra defines a system based on short and long
syllables (laghu and guru) to enumerate all possible rhythmic arrangements of words over
time.This is essentially a form of binary notation, akin to representing values as true or false, or
0 and 1. Ambika Kulkarni notes that the Indian discovery of the binary number system largely
went unnoticed by Western scholars, likely because Chandah Séastra was primarily regarded as
a treatise on poetic meter rather than a mathematical text. [CK]

Pingala introduces a concept called pratyayas (six in number), in which the metrical elements
are explored. He provides sutras that mathematically formulate prastara, nasta, uddista,
sankhya, adhvayoga, and eka-dvi (laghu-guru) kriya-s. Cross-disciplinary exchange of ideas
is not that uncommon in the Indian intellectual tradition, as literary studies, aesthetics, and
mathematics were not essentially treated as distinct individual domains. Therefore, there exists
a certain possibility that the pratyaya treatment in music was borrowed from grammatical

constructs [AK.3].
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Tala-prastara is one such concept that has been extensively studied by ancient musicologists.
It explores the expansion of a prototype metrical structure into every possible variation
according to principles of permutation. Though the concept and the idea remain almost
the same, different authors have dealt with and explained them in varied ways. Due to the
underlying arithmetic rigor and construction of tables in prastaras, mere verses can lead to
misunderstandings. A minor misplacement or an error in the directional arrangement of the
table can lead to significantly different results.Sarngadeva’s Sargita Ratnakara is one such
gem that has documented verses along with figures pertaining to the prastara concept. Upon
initial examination, Tippa’s verses in this section may seem somewhat perplexing.However,
with the help of the Ratnakara,one can conclude that Tippa has effectively summarized most
of the content presented in it. The figures of the Ratnakara and a few recent studies by
Akella Mallikarjuna Sharma in the tala-prastara methodology have been immensely helpful in

understanding Tippa’s verses.

Before stepping into the vast sea of ideas and terminologies, here is a gist of essential
concepts that will aid in further understanding.Consider a permutation of four elements (arigas)

(in unit time/matra)

D (Druta) = 1 unit

L (Laghu) = 2 units

* G (Guru) = 4 units

P (Pluta) = 6 units

Given a total matras n, the objective is to determine all possible ordered arrangements
(permutations) of these elements such that their cumulative sum remains constant n.

Mathematically, this can be formulated as:
x1D +xpL +x3G + x4P = n, 2.1

where

4
x; € Zso, Zx,- >1, ie{l,2,3,4). (2.2)
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Here, x; represents the count of each respective ariga in a given sequence. The enumeration of
all valid sequences satisfying this equation is known as Prastara.Writing out all the possible
combinations as a pyramid is the meru. The total number of possible combinations is denoted
by sankhya. The total sum of occurrences of D, L, G, P across all combinations in the prastara,
(total rhythmic weight of the system) is the Patala. As the above process considers four elements
(angas), it is termed as the Chaturarnga Prastara.

The unrestricted enumeration of all possible permutations of the given arigas while maintaining
the sum condition is known as Akhanda Prastara. A restricted form of prastara where certain
angas are either omitted entirely or their occurrences are constrained is called Khanda Prastara.

This type of prastara is categorized into two forms:
* Hina — Permutations are generated without a specific arga.
* Yukta — A particular ariga must appear a specified number of times [AK.3]

The process of permutation of all the above divisions is further classified into two based on the

directionality of arranging the patterns:
* Anuloma Prastara — The permutations are generated in an obverse (forward) order.
* Viloma Prastara — The permutations are generated in a reverse order.[AK.1]

Beyond the four-elements, expanding the set of rhythmic units to five, six,seven leads to more
complex combinatorial structures -Paricanga Prastara, Sadarnga Prastara and Misritarnga /
Samyutanga Prastaras. Figure (3.7) provides a pictorial representation of the various types
of prastaras. considering units, expressed in Druta Permutation (DP). The directional flow
of enumeration is indicated by the grey triangles. c¢) shows 2 Druta-Containing Permutation
restriction.One thing to note, both the process and the outcome are referred to as prastaras,
just as in mathematics, where “combinations” and “permutations” denote both the method
of arrangement and the resulting set of patterns.The directionality of construction, whether
forward (anuloma) or backward (viloma), may initially seem ambiguous, as it depends on
the reference framework used for enumeration, this problem will be taken up in the following

sections.
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2.6.1 Prastara, Meru, and Patala

Tippa states that the Prastara methodology belongs to both the Marga and Desi-Tala
systems (classical and regional rhythmic frameworks)[TD.47]. However, towards the end of
the chapter, he names it "Margatalaprastaradi Nirtipanam”, which contradicts his previous
statement. Additionally, The Journal of Madras Music Academy (1993) refers to the chapter
as Margadesitalaprastaradi Nirupanam. Given that Ratnakara presents his Prastaras within
the section on Des1 Talas, this discrepancy adds to the uncertainty regarding the correct title.
Nevertheless, in contemporary practice, Prastaras are predominantly discussed within the Dest
Tala framework.
Tippa begins his exposition by stating that there exist 53 pratyayas, with the most
important among them being prastara, meru, patala and sankhya .He also mentions that
sages consider the remaining (Sistah) pratyayas as merely ornamental or artistic elements
(Silpamatra-prayojanah).This deviates from the concept of 19 pratyayas that Ratnakara begins
with.

TRARIAg[ T8 TIEE UTdTeded: |

A e S: g T
Ho: AANHSY GUSTRARSA: |
T SOl BRI AR JIagUE |

[N N

ThHMTIRITARIT TR STl | [SR.5(313-315)]

Among these, Sarikhya and the different kinds of Meru are discussed in the later segments
methodology of constructing the Prastara, whereas Tippa provides the etymology of Prastara,

Meru, and Patala.

Tippa’s prespective,

The term prastara is derived from the root (dhatu) ¥ (str), which signifies "to spread” (from
srnati iti str). This root conveys the notion of extending or expanding, which in the context of
prastara, refers to the systematic enumeration and organization of all possible combinations or
patterns.The prefix pra- (4, upalaksana-pratyayah) adds the sense of sequential arrangement,
indicating that prastara involves the structured unfolding of rhythmic combinations in a

methodical manner.
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Prastara is not merely an act of expansion but also encompasses the concept of chadanam
(covering). When an object is placed on a surface, it is understood to cover or conceal
the preexisting space. Thus, as the prastara expands, it metaphorically covers or envelops,

symbolizing a dual process of unfolding and encompassing.

The boundaries of prastara are delineated by specific limits. The enumeration commences at
kusta (the fixed unit at the top), which represents a foundational starting point, and progresses
to the sarva druta (all druta combinations), such as "DDDD” for n = 4. In this framework,
”D” of unit value 1 is considered the basic unit, which does not simplify into smaller elements.
At the first glance, both sarva druta and kusta appear to be fixed elements, raising a potential
contradiction: how can fixed units, which seem immutable, be part of prastara, a process that
by definition implies spreading and transformation? To resolve this apparent contradiction, the
concept of chadanam within prastara must be invoked. Chadanam suggests that even fixed
elements, such as kusta and sarva druta, can be elemental participants of the prastara.

It is critical to recognize that the prastara/patterns originate from a single foundational
unit. This unit, in turn, serves not only as the cause but also as the source of multiple
combinations. It functions simultaneously as the initiator and the product of the prastara

process (atmanikaranakarya).

The term meru (H= H,3 ,2)is defined using its encompassing letters as its characteristics.The
ma refers to measurement (manam), while 7 implies diversity (vicitrata). The term ru denotes
stability or the property of remaining in place(vasamsSabdah).Within the Prastara, some
combinations consist of Drutas, while others do not (Adruta). Consequently, the overall
structure comprises distinct different patterns, contributing to its variety (Vicitrata). Since one

of the defining characteristics of Meru is Vicitrata, it follows that Meru is also a form of Prastara.

Patala, (“Ilt‘llac GICEIIE ). The first interpretation of Patala is derived by analyzing its
components: YTl (Pata) + @ (la). The root Ud (Pat) connotes the meanings “to fall” or ’to
descend” (Cl—dﬁ), while the prefix El (Vi) suggests the idea of scattering.Consequently, the
term IO (Vipata) conveys the notion of dispersion or scattering. The negation AT
(Avipatah), therefore, denotes the quality of being impervious to scattering or dispersion,
implying that Patala remains fixed and does not undergo dispersion, in contrast to the dynamic

expansiveness of Meru. In an alternative interpretation, (4d (Pata) + 3Tch: (Alah)) is proposed.
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In this context, 3TA: (Alah) is understood as (W E’% 3Tch:), which translates to
“that which merges or combines.” This interpretation suggests that Patala is characterized
by the integration or merging of multiple elements. The implication is that Patala signifies a
quantity obtained by combining various parts into a unified whole. Drutadinam Alah, meaning
a combination of Druta (rapid or fixed elements) and similar entities. With the clarity provided

on the underlying elements, the author proceeds to further explore each of them in detail.

2.6.2 Construction of Prastara

Tippa largely follows Sarangadeva’s methodology in constructing the prastara elements. Rather
than altering the system, he adds connectors and simple explanations to enhance clarity, ensuring
a more structured understanding. Before analyzing their methods , here is a simple illustration
of the construction of a prastara for n=4 / 4DP (Druta Permutations) (Fig 3.7.1). The prastara
follows a systematic approach, progressing from higher-order units to lower-order units. The
directionality is such that larger units are positioned towards the right, while successively smaller

units are arranged towards the left. The stepwise decomposition is

a Begin by selecting the largest available unit that can fully represent the target sum. - Since

the sum n= 4, the prastara is initialized with G, (referred to as the base unit.

b Place the next lower-order unit directly beneath the base unit. - Here, L = 2 is positioned
below G. - To maintain the total sum of 4, an additional L is introduced to the left to

compensate (LL).

¢ Analyze and identify the first non druta element from left to right. - This chosen element
is replaced by the next lower-order unit. - Here, D = 1 is positioned below L. - To

maintain the sum, another D is placed accordingly, yielding the configuration DD L.

d The same process is recursively applied to the remaining non-druta elements. - L at the
rightmost is the non druta element.D is placed right below. To ensure the sum , 3 units
must be placed. The higher order unit amoung them is placed closer to right;and the lower

tothe left. DLD.

e Repeat the process until all elements are decomposed into the fundamental unit D. The
final configuration consists exclusively of Druta (D), DD D D .This marks the completion

of the prastara for n = 4.
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>Ratnakara’s veres

AT dTS TRATess TSI | YR areReig d9d #egar foed ||
IS ATHIY Ararsd fafer: | Fagria: & Rarisd &ar IR=T |

g A AR T g AR gl T:1[SR.5(316-318)]

Tippa largely adheres to the same phrasing as Ratnakara, with minimal deviations. The key
addition he introduces is the concept of Urdhva-prastara, which accounts for directionality
within the structure. However, this terminology introduces potential confusion, as the term
urdhva (meaning “upward”) intuitively suggests that the prastara extends upward. In reality,
the arrangement begins at the top and expands downward. One positive addition Tippa makes
is the clarification of the placement of lesser elements. While their alignment on the left
remains relative, his more elaborate wording suggests that these subordinate components
should consistently be positioned to the left of the main kusta side. One key aspect to
remember is that both texts follow the convention that kusta, the smaller element must
be placed at the top. However, ”smaller” here does not refer to numerical value but rather

to quantity. The element that can singularly represent the entire value is the one that is indicated.

>Comparison of the Prastara Systems: Ratnakara, Tippa Gopendra vs Pingala,
Pingala in his Chandas Shastra gives four sutras for prastara: Dvikau glau, Misrau ca,
Pruthaglamishrah, and Vasavastrikah [CK]. All these siitras pertain only to two elements,
namely laghu and guru. Amba Kulkarni represents these siitras with matrices as follows:

1. Dvikau glau:

2. Misrau ca:

~ =~ Q Q.

h
Q
~ Q =~ Q
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3. Pruthaglamishrah:

N 0 Q QI Q@
NN IQ Q Q Q@

'~ Q ~ Ql Q ~ Q@

In comparison to the elaborate verses found in Sangitaratnakara and Taladipika, Pingala’s
work primarily consists of concise sutras. His approach is highly algorithmic, focusing on
step-by-step functions to systematically derive the prastara. In contrast, musicological texts
like Ratnakara and Taladipika emphasize direct construction methods for generating the final
prastara table, rather than detailing with abstract functional steps. A notable difference is
that Pingala deals with only two elements (laghu and guru), whereas in musical texts, laghu
is not further converted into smaller units. However, the top-down hierarchy, where elements
of higher value are placed at the top, followed sequentially by lower-valued elements, remains

consistent across all texts.

One key observation is that Pingala’s sutras do not explicitly mention directionality.
This raises an important question—should the higher-valued elements always be placed on the
right? What is the significance of this positional value?This question must be investigated
further, as each row in the prastara corresponds to a tala used in musical rendition. If the
arrangement of elements carries structural significance, does it imply a functional difference in

how these talas are performed or interpreted?
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Fig(2.6.2):Illustrating construction of the Prastara , 4DP
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2.6.3 Calculation of sankhya

Sankhya represents the total number of rhythmic patterns or possible combinations generated
within a given prastara. Most musical texts calculate the sankhya based on identifying repeated
endings. These prastaras or combinations which end with certain respective elements are as

follows:
* Druta-ending permutations (DEP) (Drutanta)
* Laghu-ending permutations (LEP) (Lagvanta)
* Guru-ending permutations (GEP) (Gurvanta)
* Pluta ending permutations (PEP) (Plutanta)

The construction of prastara can be understood through a systematic approach. This method,
originally described by Akella Mallikarjuna Sharma for Pancharnga Prastara, has been
simplified into Chaturarniga Prastara to aid comprehension. In this system, permutations
are classified based on their ending elements. The first proxy consists of all Druta-ending
permutations (DEP), which include sequences that terminate in druta. Similarly, the second
proxy, Laghu-ending permutations (LEP), consists of permutations that conclude with laghu.
The third proxy, Guru-ending permutations (GEP), categorizes patterns that end with guru,
while the fourth proxy, Pluta-ending permutations (PEP), includes those that conclude with
pluta. These classifications serve as fundamental components in the structured analysis of
prastara. For any given n , the classification of tala patterns is determined by systematically
identifying occurrences of each ending type. This structured approach enables a clear
understanding of how rhythmic variations develop and how different permutations contribute
to the overall rthythmic framework. The summation of all proxy classifications provides the
total count of unique rhythmic patterns for the given n . For example, when n=2, the possible
permutations are: DD (one Druta-ending combination) and L (one Laghu-ending combination).
Resulting in 3 unique permutations. Likewise , for n=6, 10 DEP, 6 LEP, 2 GEP and 1 PEP
leading to the total number of patterns to be 19. The table (2.6.3) tabulates the same for values

of n upto 12.
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n. 1st proxy (DEP) | 2nd proxy (LEP) | 4th proxy (GEP) | 6th proxy (PEP) | Total
1 1 - = - 1
2 1 1 - - 2
3 2 1 3
4 3 2 1 6
5 6 3 1 10
6 10 6 2 1 19
7 19 10 3 1 33
8 33 19 6 2 60
9 61 33 10 3 106
10 108 61 19 6 191
1 196 108 33 10 347
12 350 196 61 19 626
n. 1 2 3 4 5 6 7 8 9 10 11 12
Sn 1 2 3 6 10 19 33 60 106 191 347 626
Table:2.6.3 : Tabulation of sankhya(Sn)
n. 1st proxy (DEP) | 2nd proxy (LEP) | 4th proxy (GEP) | 6th proxy (PEP) Total
S M S M S M S M
1 1 - - - - - - - 1
2 1 1 1 - - - - - 3
3 2 3 1 1 - - - = 7
4 3 7 2 3 1 - - - 16
5 6 16 3 7 1 1 - - 34
6 10 34 6 16 2 3 1 - 72
7 19 72 10 34 3 7 1 1 147
8 33 147 19 72 6 16 2 3 298
9 61 299 33 147 10 34 3 7 594
10 108 596 61 299 19 72 6 16 1177
11 196 1182 108 596 33 147 10 34 2306
12 350 2316 196 1182 61 299 19 72 4495
n. 1 2 3 4 5 6 7 8 9 10 1 12
Mn 1 3 7 16 34 72 147 298 595 1177 | 2306 | 4495

Table:2.6.3 : Tabulation of mahapatala(Mn)




Both Sargita Ratnakara and Tala Dipika state that the total possible permutations in the
n-druta prastara is obtained by adding the possible combinations of the first previous, second

previous, fourth previous, and sixth previous. This can be represented as :

Sp=821+Sy2+ 85,4+ 5,26 (2.3)

where §,,, represents the number of tala forms in the n-druta-prastara.In addition, the respective
representatives (pratinidhi) of the fourth and sixth terms are assigned as the third and fifth terms,
respectively.

>Establishing the Recurrence Formula

Given that compositions in this system use only the elements {1, 2,4, 6}, each valid sequence
that sums to S, can be formed by appending one of these values to a smaller sequence. This

results in the following recurrence cases:

If the last element is 1, the remaining sum is S,,_1.

If the last element is 2, the remaining sum is S,,_5.

If the last element is 4, the remaining sum is S,_4.

If the last element is 6, the remaining sum is S,,_¢.

By summing all possible extensions of previous valid compositions, we obtain the recurrence

relation:

S =81+ 82+ Su4a+ Sn—6-

>Base Case Verification

To validate this recurrence small values are considered,

So=1,851=1,8,=2,85=3,84=5.

Using the recurrence relation:

Se=S85+S84+52+ S

=8+5+2+1=16.

This confirms the correctness of the recurrence relation for small cases.Refer to [CK] for a

rigorous proof.
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2.6.4 Construction of different merus

The formulation of combinatorial tables, particularly Meru structures, serves a crucial role
in the systematic derivation of rhythmic entities. A druta meru, for instance, facilitates the
enumeration of all possible rhythmic combinations for a given n, while imposing constraints
on the number of permissible drutas. The structured organization of these tables play a pivotal
role in facilitating musical compositions and choreographic design, offering a mathematical

approach to rhythmic construction.A simple approach to construction methodology :

* Fundamental Table Construction: The final table is assembled progressively using a

sequence of intermediate tables.

* Base Layer: The initial sankhya and mahapatala tables are formulated under the

assumption of zero drutas, thereby eliminating the need for the 1st proxy.
* Incremental Constraints: Successive layers introduce progressive constraints:

— The first upper layer incorporates a single druta constraint (/DCP).

— The next layer enforces two druta constraints (2DCP), followed by subsequent

iterations extending up to n constraints.

* Final Table Formulation: The rightmost column values of these intermediary tables
systematically populate the rows of the final table. (Refer to Fig. 2.6.4 for detailed

visualization.)

Let D, denote the number of tala-forms with exactly k drutas in an n-unit prastara. The

recurrence relation is given by:
Dy = Dp-1k-1 + Dn2k + Dn-sk + Dn—g k (2.4)
where:
* D,_1.x-1 accounts for forms ending in a druta, decreasing the druta count by 1.

* Dy_2k, Dy_ai,and D,_e i represent forms ending in a laghu, guru, or pluta respectively,

preserving the count of drutas.
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Verification for D (6, 0)

Computing D (6, 0) explicitly using the recurrence relation:

D(6,0) =D(5,-1)+D(4,0) + D(2,0) + D(0,0)

Since D(5,—1) = 0 (as negative druta counts are invalid)

D(6,0) =D(4,0)+ D(2,0) + D(0,0)

From base cases:

D(0,00=1, D(2,00=1, D40 =D3,-1)+D(2,00+D(0,0)=0+1+1=2

Thus,
D(6,0)=2+1+1=4

This value is represented in the final table, sixth column and second row.

Taladipika and Ratnakara’s method:

For constructing an n-druta prastara, the process begins with an initial row containing n

entries. Each subsequent row omits the first column, with two additional columns removed at

each successive stage.

* The first two entries in every row are always set to 1.

* In the first row, values in odd-numbered positions are determined by summing the
preceding, second-preceding, fourth-preceding, and sixth-preceding entries, following

the pattern of sarnkhyarkas.

* Even-numbered positions are computed using the same sum, except that the immediate

previous entry is excluded.

If the fourth or sixth-preceding entry is absent, the third or fifth-preceding entry is used

as a substitute.

For subsequent rows:

* Odd-positioned entries continue to be derived using the summation of the previous,

second-preceding, fourth-preceding, and sixth-preceding values.
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* Even-positioned entries follow the same summation rule, with the distinction that the

immediate preceding value is taken from the row below.
* If the fourth or sixth-preceding value is unavailable, no replacement is applied.

Upon completion of the table, reading values from bottom to top in the n-th column reveals the

number of possible fala structures within the n-druta prastara:
* When 7 is odd, the sequence represents the count of falas with 1, 3, 5, etc., drutas.
* When #n is even, the sequence corresponds to the count of talas with 0, 2, 4, etc., drutas.

One important observation is that this method is defined for odd and even numbers of drutas
separately. Although Tippa Gopendra does not explicitly outline the construction procedure
for mahapatala, it is implicit that knowledge of it is assumed. Similarly, the construction of
other merus, such as laghu, guru, and pluta merus, follows the same foundational principles.
Taladipika does not introduce any new elements beyond what is described in Sarngita
Ratnakara; rather, this segment of his work primarily consists of summarizing the existing
descriptions.Even though various texts employ different coding schemes and mediums of
conveyance, it is remarkable that they all converge toward similar structural and tabular
formulations. Figure 3.7.5 illustrates the same, highlighting the underlying mathematical

consistency across these treatises.

Comparing with Pingala and Kedarabhatta’s Meru Constructions

The meru construction in the grammatical tradition consists of only two elements—/laghu
and guru—and the algorithm is known as the ka-dvi-adi-I-g-kriya. The sequence of numbers
1,6, 15,20, 15,6, 1 represents the number of possible combinations when selecting all gurus,
one laghu, two laghus, three laghus, and so forth, up to the case where all are laghus. This
expansion closely resembles Pascal’s triangle, which provides the binomial coefficients (’Z),
representing the number of ways to choose r elements from n.[com] Though the structures
appear different from those found in musical treatises, the underlying numerical entities and
principles remain the same. This further strengthens the argument that these grammatical tools

were adapted and extended to the domain of music.
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Fig(3.7.5): Tracing Prastara Across Generations and Traditions
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2.6.5 Order of usage and the Number system

The final section of the Margadesiprastaraniripanam examines the application of previously
discussed prastara concepts and explains the Sarkhyarnkapaddhati—the numerical system. In
addition to this, Tippa also provides insights into the Katapayadi system, elaborating on its
governing rules and its applications in phonetics.The author systematically presents the order
of usage of prastara constructions with respect to the number of matras in a tala. Matras serve
as fundamental units, normalized to laghu.[RN] Consequently, the values of Druta (D), Laghu
(L), Guru (G), and Pluta (P) in terms of matras are as follows: Druta (D) % matra, Laghu (L)
1 matra ,Guru (G) 2 matras and Pluta (P) 3 matras

Upon understanding the fundamental principles governing the generation of these structures,
the appropriate constructions naturally follow. For instance, when dealing with a single matra,
it is evident that the only possible compositions are either one Laghu (L) or two Druta-s (D).
Given this constraint, it becomes redundant to systematically tabulate the Druta, Guru, or Pluta
Meru, as their presence in this case is either singularly defined or nonexistent. Specifically, there
exists only one valid combination that includes Druta, while Guru and Pluta do not feature in
any permissible configurations. To eliminate any confusion, the author presents all possible
calculations for matra values of 1, 1.5, 2, and greater than 3. For all talas with matras exceeding
three, all computations become feasible due to the inclusion of all structural elements up to Pluta

The table(2.6) illustrates the same.

Matra Count | No. of Methods Methods

1 Matra 5 Prastara, Druta-Meru, Laghu-Meru,

Druta-Patala, Laghu-Patala

1.5 Matras 5 Prastara, Druta-Meru, Laghu-Meru,

Druta-Patala, Laghu-Patala

2 Matras 6 Prastara,  Turyanga-Meru,  Druta-Meru,

Laghu-Meru, Druta-Patala, Laghu-Patala

3+ Matras 9 Stara, Druta-Meru, Laghu-Meru, Guru-Meru,
Pluta-Meru, Druta-Patala, Laghu-Patala,

Guru-Patala, Pluta-Patala

Table 2.6.5:Combinatorial Methods for Different Tala Matra Counts
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Elucidating the number system or the Katapayadi system within a musical treatise
might seem unconventional.However, given the vast scale of prastaras and combinatorial
possibilities—reaching exceedingly large numbers—it becomes a logical necessity for the
author to address these systems. While his primary focus remains on Caturanga Prastara,
he also introduces an additional ariga called Ardhadruta. This later solidifies into Anudruta,
ultimately contributing to the evolution of Pasicariga Prastara constructions, which exhibit
even greater complexity.The number system he presents is presently recognized as the Indic

numerical system.The same is depicted in Fig (2.6.5).
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2.7 Conclusion

This study has examined the mathematical structures and encoded methodologies employed by
Tippa Gopendra Bhiipala in Taladipika. The framework curated by Tippa, known as the rala
desa pranas, has been explored in detail. Various forms of coded representations have been
identified, revealing the systematic formulation of marga talas along with their symmetrical
properties and applications.A total of 223 desi talas have been enlisted, decoded, and
compared with Sarigita Ratnakara, demonstrating a more structured and refined classification in
Taladipika. Further, the study of the prastara methodology confirms its fundamental alignment
with Sangita Ratnakara, while incorporating certain refinements and structural enhancements
introduced by Tippa. The construction of various combinatorial rhythmic frameworks has also

been analyzed, shedding light on the mathematical underpinnings of these rhythmic structures.
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Both Taladipika and Tantraratna emerge as invaluable texts, highlighting the scholarly
contributions of Tippa Gopendra Bhiipala and bringing his intellectual legacy to the forefront.
Additionally, this study reinforces the richness of the Vijayanagara Empire’s academic and
artistic traditions. A deeper exploration of these works is anticipated to further unravel the

intricacies of these remarkable creations.

2.8 Remarks

This study serves as a preliminary analysis and represents only an initial step in the broader
exploration of this subject.It is a humble attempt to grasp a small fragment of the vast ocean
of knowledge. While this study marks the conclusion of the preliminary analysis of the
manuscript, the depth and complexity of Tippa Gopendra’s work necessitate further inquiry.
His extensive contributions continue to provide vast opportunities for deeper exploration and
critical examination.

Tippa Gopendra’s final remarks in Taladipika:

“Each tala system—Marga and Desi—must be systematically analyzed within its
respective framework. If the rules for Prastara, Meru, and Patala are not well
established, an expert in tala science may struggle to apply them effectively.
Therefore, only a learned tala expert, possessing deep understanding, can truly
comprehend and apply these principles. Great sages like Sailadi, Kapisandilya, and
Sarngadeva have deliberated upon these principles in depth. For ordinary scholars
like us, understanding these great methodologies is a difficult endeavor. O revered
sages, the ocean of tala-prastara is vast, and I am but a humble seeker attempting
to document this profound knowledge. Even if my understanding is incomplete, I
seek the guidance of tala experts to refine my comprehension. May those who have

expounded upon the tala tradition forgive my shortcomings in this endeavor.” [TD]
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