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ABSTRACT

“Localized inflexions” used in Carnatic music, whose average pitch is indeed “in-between” the 12 major intervals and which lead to the perception of “microtones,” are discussed and categorized. Some of these inflexions can function as pure ornamentations too. We also discuss the numerous interpretations and uses of the term “sruthi” in vogue today but maintain that only through pitch inflexions of the 12 basic swarasthanams do microtones, as many people think of them, exist in Carnatic music. For each swaram, we also list the various distinct sthanams and localized inflexions that are employed to render it at various occasions and contexts. While “sruthis” and “gamakams” (melodic graces) have usually been discussed separately by musicologists, we argue that pitch inflexions and the percept of microtones are inextricably coupled. These pitch inflexions, as used in Carnatic music, are multi-dimensional phenomena, the most important dimensions being pitch and time, and these inflexions should be categorized and analyzed separately from constant-pitch notes. 

INTRODUCTION

If one picks up a typical book on Carnatic music theory and starts reading, more often than not, he or she will encounter a chapter on “22 sruthis” and a different chapter on the different types of “gamakams” (melodic graces) used in this art form. This separation of sruthis and gamakams into different sections will often leave the reader with the impression that Carnatic music employs “microtones” with at least 22 pitch positions in an octave, and that gamakams are graces that do not have any direct connection with these microtones. The careful reader may also find out that certain ragams require some mandatory gamakams, and without these pitch movements, the ragams’ characters would be lost. Finally, upon hearing actual music, these aforementioned impressions would probably be reinforced. Indeed, Carnatic music uses pitch slides/glides/movements ubiquitously and systematically, and would sound quite strange without them to a seasoned listener. Also, a listener would often hear or perceive sensations of “in-between” pitches. Everything – theory and practice - would seem to be in perfect agreement.  

Those more technically inclined might find out that different “sruthis” have been assigned different ratios/rationals/relative frequencies by authors. For example, a particular R1 that appears in Gaulai or Saveri is quite famous in this regard, referred to as the “eka-sruthi rishabham” and commonly “assigned” the ratio 256/243. There will be many other ratios stated, and a lot of them would seem quite reasonable. Indeed, based on consonance relationships, string harmonics and string lengths, various people have derived a lot of numbers that have some underlying meanings or significance.

But it may escape the casual reader, however, that most current-day Indian music theorists have based their writings on historical texts and have asserted certain “facts” without supplying much empirical evidence with regard to currently performed music. Both Ayyar [8] and Deva [9] have commented on this lack of hard data and on the need to scientifically and objectively analyze current-day music, and both these authors have also engaged in a limited scientific study of pitch in Carnatic music. A more detailed study was initiated by Jairazbhoy [10] and continued by Callow [11] and Levy [12], all of whom investigated North Indian music, which also had similar claims of 22 sruthis. The general conclusion in these last three studies was that intonation was flexible and variable in performances and that Hindustani music seemed to be based on a system of only 12 intervals that were similar to the Western semitones. Jairazbhoy also pointed out that the term “sruthi” was being used by practicing musicians predominantly to refer to various types of pitch inflexions that a swaram appeared in conjunction with.

Recent work on empirical analysis of Carnatic music has led us to conclude that in Carnatic music also, there seem to be only 12 swarasthanams [3,4,5]. And we found that even the intonation of the 12 basic constant-pitch notes was variable, and that there were not 22 (or more) distinct pitch positions used in the octave consistently, as far as non-inflected notes were concerned. How does one then explain the audible phenomenon of multiple versions of the same note and the perception of microtonal intervals sometimes and how can one reconcile these issues with the various books which insist on the existence of more than 12 sruthis and even assign them ratios? In this paper, we hope to shed some light on this situation. We begin with a discussion of “sruthis” and proceed to discuss the idea of microtones. We then introduce new categories of musical entities along with the idea of a 2-dimensional or a multi-dimensional swaram or note. 

SRUTHIS

What is a sruthi? It is perhaps the most overloaded and most used (misused even) term in Indian musicology. But on the concert stage in Carnatic music today, there are some very practical meanings associated with this term. For example, the absolute pitch of the tonic is referred to by this term - “oru kattai sruthi” (Tamil) would mean that the tonic is set to the pitch C (“1st key”). “Sruthi saythukko” is a way to indicate to an instrumentalist to tune the strings of his instrument. Also, to sing with “sruthi suddham” would mean that a vocalist is employing good intonation as thought of or as perceived by typical listeners.  In ancient Sanskrit texts, sruthi includes everything that is heard, and is virtually a synonym for an audible sound. We are not as much interested in the preceding uses or connotations of this term as we are with the association of sruthis with the idea of small or microtonal intervals or more than 12 pitch positions. 

In an ancient treatise on dance, drama and music, Bharatha muni, in the Natyasastra, wrote that there were various numbers of sruthis within the 7 notes of both the Sa and Ma-gramas that add up to a total of 22 in an octave, and many subsequent authors have agreed with this number also. To Bharatha, a sruthi was the smallest interval different so that two adjacent pitches would be distinctly cognizable. But Bharatha's music did NOT employ all the 22 sruthis as individual chromatic pitches; rather his sruthis served as a qualitative unit to measure the various swarams that were used in his gramas, which numbered even less than 12. A very simple calculation, dividing an octave of 1200 cents into 22 equal parts, yields a value of 54.5 cents. Now, we are not implying that all of Bharatha's sruthis were exactly equal. However, at least one of his “sruthis” must have been at least as large as 54.5 cents, if not larger. We know now from recent results that humans can perceive a pitch difference even as small as 5-8 cents when presented with consecutive pure tones. With harmonic sounds presented simultaneously, the acoustic cue of beating would enable a human listener to perceive even smaller differences, perhaps much less than a cent. When we compare these cent values with 54.5 cents, we can be sure that Bharatha was not trying to describe “just-noticeable-differences” (JNDs) as we think of them today. Rather, his subjective idea of a distinctly audible difference was much stronger and more conservative. While we can understand why some authors have insisted that there are more sruthis in an octave, we would disagree with them if they try to relate their observations to Bharatha's writings, which were obviously done in a completely different spirit. Furthermore, some other people are not happy with dividing the octave into just noticeable differences only: they stress that the number of sruthis is infinite. While we can again sympathize with the spirit of this assertion – theoretically, any cent value or real number between 0 and 1200 could be called a sruthi, is it really practical musically or even physically to have an infinite number of pitches? Rather, this idea of an infinite number of sruthis is more of a mathematical idealization. First of all, there is a physical limit as to how accurately even synthetic tones can be produced. And practically speaking, distinctly audible or musically relevant intervals are much more interesting anyway. For instance, in the rendition of the note Sa alone, the pitch could vary and flutter due to human inaccuracies, though the artist's intent may be to render it as a perfectly constant note. Two subsequent renditions of Sa may not be exactly identical, and the differences may be perceivable too. However, most people without any hesitation would lump both pitch renditions into one “musically useful” category – the note Sa. 

Now what about the 22 (or more) sruthis that current-day authors have written about and what about the notes that have been identified in various ragams that correspond to each of the 22 sruthis? What about the ratios these 22 sruthis have been assigned? And what about the “microtones” that are indeed audible in today's music?

First of all, each of the 22 “most popular” sruthis has been assigned a frequency ratio selected from the well known Just Intonation (JI) or Pythagorean tuning lists [5] which are foreign to India. But the stranger thing is that some of these sruthis seem to be describing many different musical phenomena. For instance, the examples for the “eka-sruthi rishabham” that are suggested by musicologists are typically those where the note is not constant in pitch but rather moving in pitch upwards from Sa. But there are other notes in such lists that are supposedly used as constant-pitch notes, slightly sharpened or flattened in pitch in certain ragams. And there are yet other examples which are quoted - for example one of the various types of Ma1 that appears in the ragam Begada is assigned a sruthi, where in practice, this particular Ma1 that people have in mind spans multiple semitones in range when it is produced via a pitch inflexion. The most bizarre thing is that all these different kinds of swarams - constant-pitch and inflected swarams - are assigned ratios derived through cycles of fourths and fifths (and some mathematical adjustments to arrive at the JI ratios), while one wonders about the reasons why a melodic note or inflexion in a ragam like Saveri has anything to do with ratios arrived at through 4ths or 5ths cycles, which are really more relevant to harmonies and consonance under tonic and key modulations. 

It is indeed true that the ancient Indians used moorchanams (tonic shifts) to derive or describe various scales. But was their tuning precise even then? Does their intonation still prevail today? 

Also, when we see that the Gaulai Ri1 has been assigned the rational 256/243, we have to ask: is this number valid for the constant-pitch version of the Ri1, the Sa-based inflected version or both? For the inflected version, is it the upper limit or is it the mean pitch or something else? And what do we do then with the other distinct categories of Ri1 that appear in various contexts, like the Ri1 based upward and downward inflexions? What about the various types of Ma1 that appear in Begada? How does the single number 27/20 play a role with respect to the Begada Ma1 that is constantly moving in different ways? What use are 22 rationals that do not explain all of the phenomena that occurs in Carnatic music?

Now Sambamurthy [13] even mentions that, in current-day music, more sruthis than the 22 are used. For example, he states that in Saveri, in the phrases, “pdndp” & “srgrs,” new sruthis are used for Ni3 and Ga3. However, unlike the other sruthis, these ones are not assigned any ratios. But if he were to do so, what might he have done? The rationals from the cycles of 4ths and 5ths process seem to have been exhausted, unfortunately, going after the “main” 22 sruthis. 

As one can imagine, many different people with different backgrounds have interpreted the 22 sruthi ratios in many different ways. For example, to some, all these ratios represent 22 distinct constant-pitch positions, and they might insist that the constant-pitch Ma1 that appears in Begada is higher. To others, the value of 27/20 has something to do with the moving Ma1 in Begada, and not necessarily to the stationery versions. There are yet others, who insist that ALL versions of Ri1 that appear in Saveri have something to do with 256/243, whether it is moving in pitch or not. This last interpretation is flawed even in principle because the same authors and musicologists who have written about these sruthi ratios have also acknowledged that multiple versions of the same note appear in a ragam. For e.g., Janakiraman [14] has written that in Saveri, both the “eka-sruthi” and “dvi-sruthi” versions appear. Qualitatively, he states that the eka-sruthi version appears in conjunction with Sa (through an inflexion, we suppose) and the dvi-sruthi version appears when the note is prolonged without movement. But the fact remains that he assigns both these Ri1-s ratios. As we stated before, Sambamurthy also mentioned multiple versions of Ga3 and Ni3 that appear in Saveri.

We have thus far touched upon the multiple interpretations of the 22 sruthis that exists to show that there is indeed a lot of misunderstanding, confusion and disagreement about the very nature of the term “sruthis.” We haven’t explicitly endorsed or commented any of the quoted authors’ or sources’ viewpoints either. Perhaps it would be best to forget about “sruthis,” put our musicology books aside and investigate the music as it is being practiced today. 

MICROTONES

Do microtones really exist in Carnatic music? Are they clearly audible? Are they measurable or detectable empirically? To all three questions, our answer is “yes.” However, we insist that the definition of the term “microtone” needs to be specified clearly. Also, the context or manner in which a microtone appears or its usage should be understood carefully. Finally, proper tools and representations should be used to characterize and categorize them. We will elaborate these points in the following discussion.

The term “microtone” is generally loosely defined in world music, and different people have different ideas as to what constitutes a microtone. Broadly speaking, a note that does not fit into the scheme of the 12 main chromatic intervals may be labeled as a microtone. However, we will explicitly state 3 types of microtones for our purposes here: 

1. Those tones obtained by explicitly dividing the octave into more than 12 parts. For example, if one constructed a guitar or some other fretted instrument or a piano with say 24 frets or keys per octave, whose pitches were equally spaced, we would obtain semitones and quartertones, and these instruments can be stated as being able to play constant-pitch microtonal intervals systematically and consistently. 

2. But even in fretted instruments with 12 frets, we may be able to bend the strings to the side, use an inflexion or employ some other mechanism to reach for and hold an “in-between” note, where the exact pitch that is reached is important. This intermediate pitch may also be considered a microtonal pitch.

3. Finally, there are cases where inflexions and slides may be used in a musical instrument, where the entire inflexion causes a microtonal effect, and where the exact endpoints of the inflexions may not be as important as the overall pitch movement and timing. This entire inflexion may be called a microtonal (inflected) interval, but it should be clear than this is, at minimum, a 2-dimensional phenomenon (in time and pitch) and not entirely equivalent to the traditional idea of microtones as “in-between, constant-pitch intervals.” Intensity and timbre modulation could also play roles in producing additional perceptual effects. However, it is possible that many people, especially those who haven’t investigated these inflexions carefully, could imagine that a constant-pitch note is used when an inflexion appears. 

Also, when discussing microtones, it is useful to consider both chromatic and non-chromatic microtonality. If two adjacent microtones appear in the same melody, or even in series, one after the other, this juxtaposition would be much more significant than if a composer used microtones to vary the tunings of the 12 basic notes, but if the variations appeared only in different melodies and never in the same song or scale. 

Given the subjective definition and relatively loose use of the term microtone, an interesting question to ask is how much variation in pitch is required so that a note is considered a microtone and not simply a slight mis-tuning or re-tuning of another note? In Western violin music for example, the tunings of the 12 semitones are adjusted by the performing musician, sharpened or flattened, based on melodic context and personal preferences or they may vary simply due to human error. In our opinion, we do not consider these modifications as microtones. (Nevertheless, it may be indeed interesting to determine what correlations there are between different performers, instruments and melodic contexts in such minor modifications of tunings.) We would not consider a vibrato a microtone either. But we would agree that a microtone is used if an interval was tuned “significantly differently” from surrounding notes, if different accomplished performers intonated this interval consistently and within tolerance limits that didn't obscure the differences between adjacent intervals, and if the particular ragam or melodic context required the use of this particular microtone to sound correct. Otherwise, any variation in intonation that is observed should be categorized as an intonation error, one that falls within the acceptable range of intonation for that note, subject to personal preferences or an ornamentation. Given the 12 Western semitones, the “safest” place to add additional categories of constant-pitch intervals might be right in between them - quartertones. Even then, the notes in the octave are not all uniform or symmetric in their nature, and certain pitches are more important than others. Therefore, dividing the octave into 24 equal parts may not all yield distinctly useable microtonal categories, each with the same effect. This last point should be obvious since dividing the octave into 12 equal parts itself yields 12 very differently “flavored” notes with varying importance. 

Now, in Carnatic music, one can indeed notice or hear that the same constant-pitch intervals in the same ragams are rendered with slightly different tunings by different performers. But are there any consistent correlations that would indicate systematic microtonal subdivisions of the 12 notes? Research presented by Jairazbhoy [10] on North Indian music showed that even in the intonation of the major 3rd, a consonant and important interval, there was a variation of 64 cents across different performers. Our observations were also similar [3,4]. 

However, our research and musical experience has also shown that there are additional, systematic “musical atoms” employed that do indeed yield a sense of microtonality – the 3rd category of microtones discussed previously. Indeed, we agree that the “famous” Saveri Ri1 is lower in pitch as in the overall perceived sensation as well as the average pitch measured empirically. We will elaborate on these microtonal inflexions in the next section. 

MUSICAL ATOMS

We shall start our discussion of musical atoms with a particular occurrence of Ri1 in Gaulai, in the phrase “pmgm R;” where the Ri1 is oscillated in pitch. To some people, this sounds like a “flatter” version of the normal Ri1. But the curious thing is that this inflexion spends most of its time closer to Sa and only occasionally inflects upwards. In some sense, this Ri1 is produced through a modification of Sa rather than a modification of the constant-pitch Ri1! And obviously this inflexion is not a mere ornamentation on the sthanam of Sa since Sa is not supposed to have any such ornamentations or variations and also because it is referred to by a completely different note name - we call this oscillating note Ri1 and not Sa. 

Let us take another example of an inflected note: the Ga3 in the phrase “mg R;” in Arabhi ragam. Now this Ga3 is produced as a downward inflection from the sthanam of Ma1. A useful way to think about Ga3 in this phrase is to imagine playing “mgm” very quickly. Very little time is spent in near the Ga3 sthanam and one often does not have to reach all the way down to the “normal” Ga3 sthanam either. Again, this inflexion, called Ga3, is not a modification of the Ga3 sthanam, but more correctly thought of as a modification of the Ma1 sthanam. This inflexion produces an effect that is completely different from the constant-pitch Ga3, which is not at all used in this ragam. Since it is a modification of Ma1, it also sounds higher than the constant-pitch Ga3. 

Now we could ask how many instances are there in Carnatic music where a swarasthanam is modified by a “local” inflexion above or below it so that its name changes to the adjacent note rather than retain the name of the original sthanam. (By “local” we mean that the inflexion does not span several semitones but, rather, stays “close” to the original note as perceived by a human listener.)  Also, when do such inflexions function as ornamentations? In Tables 3, 4 and 5, we have addressed these questions. Table 1 introduces the symbols we will use to describe the various inflexions in this paper as well as future reports, and Table 2 portrays how a certain set of local inflexions might rank if ordered in terms of measured pitch value averaged over time in the cents domain. Due to perceptual effects and audio illusions it is certainly possible that a human listener, especially one untrained in music, might rank these entities differently. Also, one should remember that in these tables, we discuss localized inflexions only. Inflexions that span a wider range will be considered in a different report. 

As can be seen in Tables 3 and 4, we found 8+1+2 = 11 instances when a note name could change to an adjacent sthanam after modification through an inflexion. But it should be clear that certain inflexions serve dual purposes. For example, the R2+ inflexion serves as an ornament on R2 in ragams like Madhyamavati, but in ragams like Chintamani that use a “low” G2, the same inflexion category is used to produce this different note. Looking at a pitch track segment of R2+ alone, it would most likely be impossible to determine which ragam or context it came from. 

It is also possible to render the R2+ inflexion in different ways. For example, in Thodi, this inflexion is “approached from above,” while in Chintamani, this inflexion starts off directly from the sthanam of R2 and this base note can be heard throughout [3]. The important point to note in our categorization is that we used the base note and location of the pitch modification with respect to the base note to classify the various inflexions. Of course, one can further subdivide these inflexions based on their shapes, phrasing, rendering or timing like we have just discussed. 

Sometimes there are inflexions that seem to exist “in-between” two sthanams. For example, symmetric oscillations of pitch between S and R1 may not have a definite anchor point and sound a little different from S+ and R1-. While it is always possible to classify or lump these inflexions into either S+ or R1- using some numerical metric, we have introduced an additional category, S*R1, for certain cases where it is not clear which one is the base note, which may be true especially in fast passages, where the boundaries between the various categories are usually not distinct. Furthermore, in Carnatic music, musical entities are continuous and constantly morphing into each other, further blurring the boundaries between adjacent categories sometimes. In these cases, it usually doesn’t make too much of a difference where the boundary is drawn exactly. 

One should also note that significantly different inflexions are used to produce the same swaram in different contexts. For example, the difference between S+ and R1+ is roughly around 100 cents, and both are used in ragams like Saveri to produce Ri1. The difference between M1+ and P- is even greater, and one can indeed notice the huge difference in pitch sensations when listening to these different ways of rendering the same swaram. 

MULTI-DIMENSIONAL MODELING

The most important thing to note about these pitch inflexions is that they are multi-dimensional phenomena. At the very least, 2 dimensions are required to characterize them appropriately: pitch and time. While the mean pitch value or other similar metrics are useful for classification or computing certain perceptual effects, the most appropriate thing to do would be to model these inflexions parametrically and state the values of the variables of the model to be able to accurately reproduce these notes. We have also pointed out that the peak or extreme values of such inflexions are not as relevant perceptually and that these “tips” may not even be heard by human listeners due to temporal pitch smoothing done by the ear. We also showed that ratios or single numerical values that have been proposed in theory have no correlation with such inflexions [4].

Timing is a very crucial aspect of these inflexions, and this fact should be obvious since time is one of the 2 main dimensions. By adjusting timing and peak height, it is possible to produce inflexions that have the same average pitch. In some cases, even when the peak of the inflexion is far above 100 cents, the perceived pitch sensation might end up well below 100 cents, perhaps closer to 50 cents due to averaging alone [1,2,3,4]. We found that a whole range of pitch-time combinations is acceptable for such inflexions, and these ranges vary according to artists' preferences, melodic contexts and musical instruments among other things. 

CONCLUDING REMARKS

It is tempting to call the previously discussed inflected interval categories “sruthis,” but we personally dislike the term “sruthi” since it has been misused by many authors in the past and has many unnecessary or incorrect connotations. Calling these inflexions “gamakams” while traditionally correct also has a couple of problems. Usually people associate gamakams with optional embellishments only. Furthermore, the term “gamakam” as used in medieval texts includes a whole set of melodic graces, only a subset of which correspond to pitch inflexions. However, today, the term “gamakam” is indeed most commonly used in conjunction with pitch inflexions, and perhaps should be redefined to accommodate this new and specific use. In the past writers have felt free to redefine musical terms and introduce new ideas to suit the music system they were describing, and today, we should be equally free to adjust or invent musical terms to suit music as it is being practiced today, and not be bound by archaic ideas. 

We have only scratched the surface, so to speak, in terms of describing the pitch inflexions presented in this paper, and we will reserve further details for future reports. Even then, a lot more work needs to be done in exploring the perceptual effects of such inflexions, and computer-based synthesis and psychoacoustic experiments will help us extract and understand the most significant aspects of such inflexions. In actual practice, these musical entities are used almost seamlessly in conjunction with other musical elements, and what we have examined so far represents only a small piece of the music system that is enjoyed by listeners worldwide. 

We would also like to point out that ragams derive their bhavam and character from much more than simple interval tunings or inflexions. It is the combination of characteristic phrases, musical ideas and timing, using these musical atoms, that differentiates the various ragams and brings them to life. Each ragam uses a wide variety of variations for each of its notes, though in some ragams certain elements appear more often or prominently. For example, the famous “eka-sruthi rishabham” Ri1 is not the only Ri1 used in Saveri, and in addition, many ragams with Ri1 use this kind of inflexion also [4]. 

Finally, calling S+ as R1 or P- as M2 could be construed as mere nomenclature or definition. However, the psychological impact of associating the same note names with different musical entities should not be underestimated - it has led to some serious misconceptions. Some perceptual aspects of intervals, tuning and intonation are discussed in a different report [7].
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	S
	A constant-pitch note.
	R2/M1\R2
	A glide from R2 to M1 to R2.

	S+
	A localized inflexion anchored on S, whose average pitch is slightly above the sthanam of S, which is called R1. 
	R2+M1
	An inflexion anchored on the sthanam of R2, upwards towards the sthanam of M1, which is sometimes considered a new note, G2. 

	S-
	A localized inflexion whose pitch is slightly below the sthanam of S, which is called N3.
	M1-R2
	An inflexion anchored on the sthanam of M1, downward towards the sthanam of R2, which becomes G2 sometimes.

	S*R1
	A typically fast oscillation between the sthanams of S and R1, which is conceived as a gamakam on a single note rather than a slide between two notes.
	R2*M1
	A fast inflexion between the sthanams of R2 and M1 with no definite anchor point. 

	S:S
	“S S” played as a jandai phrase where the dip in pitch between the two notes is local (i.e., not more than a semitone).
	M1:(R2):M1
	“M1 M1” played with a jandai phrasing, where the note that is heard or intended in the intermediate stage is R2.

	S^
	A fast spike upward from S, after which the sound is terminated. 
	R2^(M1)
	A fast upward spike from R2 intended to hit M1 after which the sound is terminated. 

	S^S
	A fast spike upwards from S and back down. (“Viraladi” in violin playing.) 
	R2^(M1)^R2
	A fast spike upwards from S intending to hit M1 and back down to R2.

	^S
	A downward spike to S, with very little time spent at the beginning
	(M1)^R2
	A downward spike from M1 towards R2, with very little time spent at M1. 


Table 1: Definitions and explanations of various symbols 

used  to represent different kinds of inflexions.
	M1
	
	S

	M1-
	
	S-

	G3*M1
	
	N3*S

	G3+
	
	N3+

	G3
	
	N3

	G3-
	
	N3-

	G2*G3
	
	N2*N3

	G2+
	
	N2+

	G2
	
	N2

	G2-
	
	N2-

	R2*G2
	
	D2*N2

	R2+
	
	D2+

	R2
	P
	D2

	R2-
	P-
	D2-

	R1*R2
	M2*P
	D1*D2

	R1+
	M2+
	D1+

	R1
	M2
	D1

	R1-
	M2-
	D1-

	S*R1
	M1*M2
	P*D1

	S+
	M1+
	P+

	S
	M1
	P


Table 2: Various localized inflexions in an octave, arranged in terms of average 

measured pitch value, starting from the bottom left and going up.

	1
	S
	R1
	R2
	G2
	G3
	M1

	
	M2
	P
	D1
	D2
	N2
	N3

	2
	S+
	P-
	P+
	S-
	
	

	3
	R2+
	G3+
	M1-
	D2+
	
	

	4
	M1+
	
	
	
	
	

	5
	M2+
	N3+
	
	
	
	

	6
	R1+
	G2+
	D1+
	N2+
	
	

	7
	R1-
	G2-
	D1-
	N2-
	
	

	8
	R2-
	G3-
	M2-
	D2-
	N3-
	

	9
	S*R1
	M2*P
	P*D1
	N3*S
	
	

	10
	R2*G2
	G3*M1
	D2*N2
	
	
	

	11
	R1*R2
	G2*G3
	M1*M2
	D1*D2
	N2*N3
	


Table 3: Notes and inflexions from Table 2 organized roughly in order of importance.
	1
	The Twelve Swarasthanams or Constant-Pitch Notes.

	2
	These inflexions never serve as ornamentations and are always assigned new note names: 

R1, M2, D1 and N3 respectively.

	3
	These inflexions can be used as ornamentations on the base note but also appear in many contexts as new notes: G2, M1, G3 and N2 respectively.

	4
	This inflexion appears most often as an ornamentation, but in ragams like Sindhubhairavi, yields a new note: M2.

	5
	These two inflexions function most often as ornamentations, especially in slow passages. However, at certain times, these inflexions can be used to “hint at” S and P.

	6
	These inflexions are purely ornamentations and occur especially when the base note is “approached from above.”

	7
	These inflexions are also ornamentations, and are often very similar in nature to their “jandai” counterparts.

	8
	If they are even used at all, these inflexions are extremely rare. Their jandai counterparts, which look very similar, are more common. In ragams which use vivadhi swarams, bashanga ragams like Maand or “newer ragams” that employ two Ma-s consecutively, glides or slides between adjacent notes may be used, which also look and sound similar to these inflexions

	9
	These are fast localized inflexions between two adjacent notes that may not have a clear anchor point or base note but are vocalized or thought of as a kampitha gamakam on a single note. For example, S*R1 would be called “R1” and would fit in-between S+ and R1-, and could also easily morph into either. (See Rows 2,5 & 7).

	10
	(See notes for Rows 9 & 3).

	11
	(See notes for Rows 9 & 8).


Table 4: Explanation for the groupings of notes and inflexions given in Table 3.
	S
	S, {N3+}
	M2
	M1+, M2, M2+, P-

	R1
	S+, R1-, R1, R1+
	P
	{M2+}, P

	R2
	R2, R2+
	D1
	P+, D1-, D1, D1+

	R3
	G2-, G2, G2+
	D2
	D2, D2+

	G1
	R2, R2+
	D3
	N2-, N2, N2+

	G2
	R2+, G2-, G2, G2+
	N1
	D2, D2+

	G3
	G3, G3+, M1-
	N2
	D2+, N2-, N2, N2+

	M1
	G3+, M1-, M1, M1+
	N3
	N3, N3+, S-


Table 5: Various localized inflexions and notes that can appear on behalf of each of the 16 swarams. Only the more important categories of localized inflexions are listed here (rows 1-7 in Table 3).
















