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Abstract. The conjuncts (or ligatures) are a fundamental issue for the Devanagari
script (or lipi), as it is for any other Brahmi scripts (e.g., Bengali or Bangla,
Gujarati, Tamil, Kannada, Malayalam, etc). The conjuncts make the script
unnecessarily complex and difficult to learn and to use. The conjuncts not only
engender an exponentially large number of total characters for the script, but also
render the character set of the script to stay undefined and open ended. For
example, one is unable to conclusively answer the question, exactly how many
conjunct characters exists (or will exist in future) there in the Devanagari script?
If we can do away with the conjuncts we can make the script not only very
simple, but also truely complete (or close ended).

In this paper a complete script of a conjunct-free writing system of Devanagari,
named as Nayanagari, is presented. The alphabet set of the Nayanagari script and
the rules to convert any Devanagari word into Nayanagari format is described.
Nayanagari is simple, direct, and easy to use in computing and in any other use.
An efficient and easy-to-memorize mapping of the QWERTY keyboard for the
Nayanagari characters is illustrated as well.

The concepts and the ideas of Nayanagari are equally applicable to any other
Brahmi script. In designing, developing, grouping and ordering the alphabets of
the Nayanagari script, we put significant effort so that each character (in both the
vowel and the consonant tables, as illustrated below) has (or potentially has) a
phonetically identical character in any Brahmi script (with 1:1 mapping), only the
artistic rendering of the characters being different. In other words, in our new
simple and enhanced scripting proposal below, the Nayanagari character set
represent the alphabet set of any Brahmi script in a generic fashion.
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Introduction

Devanagari alphabets, as that of other Indic languages, are derived from the Brahmi
script. Brahmi is the ancestor of hundreds of languages predominantly used in the
Indian sub-continent as well as in south-east and east Asia [1][2]. The majority of the
scholars believe that the Brahmi script originated from the West-Semitic languages
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(like that of any other Indo-European languages) and has been in use in our sub-
continent starting at least from 500 BC. Among the descendants of the Brahmi script
are the Devanagari script (used in Hindi, Sanskrit, Nepali, Marathi, etc) and the
Bangla script (used in Bangla, Assamese, Garo, Mundari, etc). The alphabet set of
any of the languages originating from the Brahmi script are very similar in phonetic
sounds, positional order, and in various other features.

The writing systems that originated from the Brahmi script constitute of syllabic
alphabets, also known as abugida. The consonants of these alphabet sets have an
inherent vowel (e.g., a /o/ in Hindi, and o /a/ in Bangla) with them. The inherent
vowel of the consonant can either be muted by means of a special diacritic (named as
halanth or hash), or be superseded by attaching a separate vowel diacritic. The vowels
can be used either as a diacritic to a consonant or as a separate letter, either at the
beginning of a word or elsewhere. The diacritics representing a vowel may reside
above, below, before, after, or on both sides of a consonant, and thus often being
placed in a non-progressive sequence.

Like other Brahmi scripts, conjuncts (or ligatures) are used in Devanagari
whenever two or more consonants occur together and have no pronounced vowel in-
between the adjacent consonants. Conjuncts are one of the major disadvantages of the
Devanagari script (and for other Brahmi scripts as well), making its written
representation very complex. The conjunct characters generate a huge number of
character symbols, making it difficult for a user to learn and use them efficiently in
various usage, e.g., in computing applications. There are hundreds of conjuncts in
Devanagari, and theoretically it could be even more. In addition to the huge number,
the lack of a fully defined set of conjuncts, mandates the script to remain open-ended
and incomplete.

Due to the difficulties related to the use of conjuncts along with the non-
progressive nature of the Devanagari vowels, a number of fundamental computing
aspects (e.g., indexing, sorting, database usage, optical character reading, speech to
text and text to speech conversion, etc) are still open issues, waiting to be resolved
effectively. Even after decades, since Devanagari was first used in computer, there are
no significant use of Devanagari in one’s daily computing (e.g., programming
languages, OSes, e-mail, database, office applications, web applications, banking
applications, etc). Neither the business offices, nor the educational institutions are
able to use Devanagari effectively for their all computing purposes. Devanagari
computing are restrictively being used primarily in the areas of printing, publishing
and documenting, though not in a very efficient manner. To use Devanagari
effectively in all spheres of computing, it is essential that its interface with the
computer be very simple. Without the simplicity, the effective and mass application of
Devanagari in computing will continue to stay as a dream.

We discovered that there are two fundamental issues with the writing systems that
originated from the Brahmi script: a) the inherent vowel with each consonant not
allowing two or more adjacently (side by side) placed consonants to make a
compound consonant sound together, and, b) the same diacritic not being able to be
applied to two or more adjacent (side by side) consonants due to the non-progressive
nature of the vowel diacritics (as the vowel diacritics are used above, below, before,
after, or on both sides of a consonant). We identified that these two aspects (i.e., the
syllabic use of consonants and the non-progressive use of vowels), which are inherent
in all the Brahmi scripts, are the fundamental flaws that mandate conjuncts. By
resolving these two fundamental issues, the Devanagari script (as well as any other
Brahmi script) can be made very simple and systematic, without requiring any
conjuncts.

Language In India, Volume 6, 1 January 2006 2



In the Nayanagari proposal, the above mentioned issues of the Devanagari script
are addressed firstly by taking off the inherent vowel from the consonants, and
secondly by making the vowels strictly progressive. Each of the Nayanagari vowels is
represented by a single symbol, always being placed in a progressive manner after a
consonant (or a group of consonants) that is (or are) affected by it. In Nayanagari the
Devanagari vowels are simplified by: a) reducing the number of vowels to 8, as the
basic vowel sounds of Devanagari, and, b) adopting only the diacritic representations
of the vowels as alphabets (which can be placed independently at the beginning of a
word or elsewhere). Thus the Nayanagari script becomes fully alphabet based and
progressive, requiring no conjuncts, as described in the sections below.

The Nayanagari script has only 45 alphabet symbols (or characters) as compared
to (currently) many hundreds in Devanagari, making Nayanagari much easier to learn
and to use. Also note that, Nayanagari has a phonemic alphabet set (as there are no
inherent vowel with the consonants), as compared to a syllabic alphabet set of
Devanagari.

The Basic Vowels

As per the position of the tongue while pronouncing a vowel, the Nayanagari vowels
are categorized in three different groups, a) front, b) back, and c) central. Table-1
shows the 8 basic vowels of the Nayanagari script, in their new groups and positional
order. The 1st and the 2nd column of Table-1 shows the position of the tongue when a
particular vowel is pronounced. The 3rd column shows the new positional order,
which is important for sorting and indexing. The 4th column illustrates the written
representation (or artistic rendering) of any vowel character. The 5th and the 6th
columns show the names of the vowels in Nayanagari and in IPA (International
Phonetic Alphabet [3][4]) respectively. (Note that the name and the phonetic sound of
a Nayanagari vowel is the same, as shown in Table-1. By coining an additional
beautiful name for each of the Nayanagari vowels may be more convenient to learn
and use them.) The 7th column of Table-1 shows the corresponding letter or diacritic
form in Devanagari for any particular vowel.

Instead of over 35 letter and diacritic vowel symbols (31, 3T, T, ".% 3, &, &k, K, %,
T, W, T, S, B S S e, o, Boor, fO, &t , O, oF, 0

S, ©:) used in Devanagari, there are only 8 vowel alphabets in Nayanagari. In

’\J’Q’C’E’Q’(’&"”

Devanagari, some of the diphthong sounds are represented directly by a single vowel
alphabet (e.g., T/z1/, 3t /ou/), while the other diphthongs are represented by using
more than one vowel alphabets (e.g., /a1/, /e1/, /ao/, /u1/, /ao/, etc). In Nayanagari
none of the vowel alphabets posses any diphthong sounds, one must place more than
one vowel characters side by side to represent any diphthong sound.

The Nayanagari vowel alphabets, in shape in general, resemble the corresponding
diacritic forms in Devanagari in many respects (5 of them being exactly the same), in
an intention to keep the look and feel of the Nayanagari script as close as possible to
that of Devanagari. Each of the Nayanagari vowels is represented by a single symbol
and is placed in a word as an individual character in a progressive manner. A
Nayanagari vowel alphabet may reside in a word in three ways: a) at the beginning of
a word (making an independent sound), b) after one or more consonants (being
pronounced with one or more consonant sounds), and, c¢) after or before one or more
vowels (generating diphthongs and long vowel sounds). When there are more than
one consonant before a vowel in a Nayanagari word, the vowel affects all of those
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consonants. The example words in Table-1 show the usage of the Nayanagari vowels
as compared to that of Devanagari vowels and diacritics.

To represent the Nayanagari vowels, in general we chose the diacritic-style art (€,
L, 1, 3,01, 7, 7), instead of the letter-style art (e.g., &, 3, T, 3, U, &, U, ),
primarily for two reasons. Firstly, using the diacritic-style art makes a word shorter in
length and quicker to write (note that the a vowels happen to occur more frequently in
words than the consonants), and secondly, using the diacritic-style art seems to
generate more clarity and less confusion in reading a word as compared to that of the
letter-style art.

Table 1. Nayanagari vowels and their usage

Nay Name of the
Tongue Position ana I Vowel D In Exalgl?le Same word
(High=jaw close, # gari n N vlanaga ;Iv orén in
Low=jaw open) Vo Naya In n ( et.t?r, ayanag Devanagari
wel | Daga IPA diacritic) ari
ri
High |1. | f f n 7.0 | fa e | == R=
2 oMa 2| o | e | w2 @ | o, w
= T
IC Low |[3.] 7 7 Jae/ el IITH CED
Low 4. T T /a/ 3, oT i, A, AT
T
Low 5 | f1 T /a/ af, of Tqifﬁ, .
el el
~ . .
O Mid (lip
& | rounded) 6. | T i /o/ a, or 5, A | S, 9
High (lip ) 3T,
7. | B 3 v/ 3, 39,
rounded) T3T &
Ce : TS | AT
ntr M'td | 8. | T € /a/ A '
al (neutral) , FEd T
The Compound Vowels

Table-2 shows the use of the compound vowels in Nayanagari. Compound vowels (as
defined here) are formed when two or more Nayanagari vowels are used adjacently in
a word. Compound vowels may generate diphthongs or long sounds as well. Table-2
though does not have an exhaustive list of the Devanagari vowel sounds, but it shows
in general how compound vowels are represented in Nayanagari using the 8 vowel
alphabets.

The long vowel letters and diacritics &, %, 2) of Devanagari are represented

by placing the corresponding Nayanagari monophthong vowel twice, side by side. It is
done so to maintain the legacy, otherwise placing even a single vowel would have
sufficed. A long vowel has no real implications on making the sound long, even
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though the name of the vowel itself may suggest so in Devanagari. The long-ness of a
sound (long monophthong) really depends on how the word is pronounced, rather
than on how the word in written.

Table 2. The Compound vowels of Nayanagari

No. Compound | Example wor(! in !leample wor(.l
Vowels Nayanagari in Devanagari

1. ff Teaff Gkl

2. fc afc fom

3. 4] AT RES

4. i FIEC ikl

5. Tf 1T CLEX]

6. Tff HRIEEL] ERIGEILE

7. ¢ 3I3IC IS0

8. = TTSAATE TTSAAE

9. i Fiff TS

10. 3T g3! Rl

11. EE] FAIIA A

12. 3T agedf LER

13. =f et g

14. =ff AIHaEff s, qHE

15. €T TEC T

16. 3 TEIT IR

The Consonants

Table-3 shows the consonants of the Nayanagari alphabet set being appropriately
placed in groups and positional order. There are 37 consonants in Nayanagari, in 8
different groups. As shown, the characters in the Nayanagari consonant alphabet set
follow a nice and easy-to-memorize logical as well as systematic progression, while
being part of a close-knit and tight overall package. The consonants in the set are
pretty much the same as it is in Devanagari, with a few exceptions. Note that the
consonants are no longer syllabic. The Nayanagari consonants no longer posses the
inherent vowel sound /o/ (3T) with them, rather it represents only the phonemic
consonant part of the sound.

It seems that the pundit(s) who developed the original Brahmi script were
profusely gifted to design the consonants as compared to that of the vowels. The first
25 consonant characters (in 5 logical groups of velar, palatal, retroflex, dental, and
labial), in all the Brahmi scripts, indicate the mental caliber of the pundit(s) of such
ancient times. The order and the groupings of these 25 characters are kept unchanged
in Nayanagari. The rest of the consonant alphabets in Nayanagari are reordered and
bundled in 3 groups (each group containing four characters), while following a more
theoretical and systematic approach.

The names of the Nayanagari consonants are as shown in Table-3 (both in
Nayanagari and in IPA). The names are the same as they are in Devanagari, for the
maximum of the consonants. The name, in general, is the phonemic sound of the
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consonant added with the neutral vowel schwa, 31(/a/). The name and the sound of &
is different than that of Devanagari. € is an alveolar approximant in Nayanagari,
exactly like the sound of an English r, in an effort to enrich Nayanagari to gain
authority over the English sounds. The letter chandra bindu is used in Nayanagari as
an independent letter instead of as a diacritic to a consonant. One may notice that the
nasalization influenced by chandra bindu happens with its adjacent vowel, rather than
with its adjacent consonant, and such the placement of chandra bindu as a diacritic of
a consonant in Devanagari are not even linguistically justified.

Table 3. Nayanagari consonants

Oried Nayapa l\éaomn:o‘):;:: Example words
rigi # gari In
n Conson Nayanag In IPA In . In .
ants ari Nayanagari | Devanagari
1. ® HE /ka/ FLTEAT FIAT
. 2. g gz /xa/ gEAeq gaa
E 3. T TE /ga/ rETH{f T
4. = oE /ya/ HIHTAT HHTAT
5. T £z /ma/ T 1
6. kl ki /tfa/ TIHTES TFH
= L7 ) TE Mt/ G Fra
=) S T /dzo/ SaET SIEERS
& o q E / dz"o/ ATTEE ATTE
10. El EH /na/ qESTSITE LEIE]
11. z e /ta/ 3 B
é 12. ) £13 o/ Bfeh kD
e 13. 5 TE /da/ EThEET ElEAES
v |14 z 13 /d"s/ TEFFET THT
15. | e /ma/ e 9 qusd
16. q qs /ta/ qeAE3T RS
- |17 oF JE /0a/ oJTerff FTefT
g |18, z aE /do/ TECTET I
NN ET} o o /3"%/ TETTEATE RTATE
20. q qF /na/ TERAT AT
21. T qg /pa/ EESESIG] TEITH
= |22 ki FE /§a/ FRHESEET | FHEATET
2 |28 El JE /ba/ EIGEER] ELLRAl
= 24 q qE IBo/ qRET AT
25. H HE /ma/ 9 ¥ 5%
= 26. T Tz /jo/ BIES RIES
B |27. 3 zE /10/ FIEE TS
5% (28| = TE /lo/ ATt AT
< 29. q Er /wa/ ErES) Eisi)
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30. ) g /sof ATHT AT

§ |81 a aE /§a/ greveoeaff | oot
= |32 T qs /sa/ LETK] et
33. Sl e /zd/ ST3LEd SE3)

S =34 g g€ /ha/ ikt Fhaik]
< & §|85. S zE /ol TEIE 3E

E%% 36. T TE /ral Tueffasar | TgEan
©= 3 _ Fida<t | /'tfondro .
LI EIC afres | 'bindu/ Bees E

Conversion From Devanagari To Nayanagari

The generic rules of conversion from Devanagari script to Nayanagari is simple and
straight forward. One just writes the corresponding vowels and consonants of any
word in an explicit and progressive manner in Nayanagari. The inherent vowel, with
the Devanagari consonants, are explicitly shown in Nayanagari. As Nayanagari does
not support any complex vowel or diphthong as a single alphabet, one must break the
Devanagari alphabets, representing complex vowels, into the corresponding complex
vowels of Nayanagari (e.g., Devanagari, U = Nayanagari, 7).

Presented below are couple of small paragraphs about an Idlee cooking recipe, to
give the reader some idea about the look and feel of the Nayanagari script. Note that
the art-work of the Nayanagari font, as shown here, is at the very initial stage of
development. As there are only 45 symbols (and all individual alphabets) in
Nayanagari, various fonts could be developed, with some research, having clarity as
compared to that of English, even at the smallest font sizes. Note that in Nayanagari,
each individual character font is easily represented by a single glyph, unlike that of
Devanagari.

FIHIYT FEA AT © (FIAAC AT FC AN — ¥)

AW Yo AT g==Aff, 20 UL, W o TH ITAT TIT FTAIAN FAAT, 9L ITIH
FEaT 31 TEAMT, Yo TUH Fededl I T3, ¥ A I3A AfA IT q3ffac Hff
FESAll, ¥ T@EA TAUSA IS UTISE, R0 @eA q93A AifST qeff, AEAWC F AT
Feaeddf g3ff afem g37 gedf gea far, Aaremsan aeush, ¢ ff gus+ 11 afe=
qIISET, ELILED HC [ASHL A |

Ffef:

9. =AM, TEAMT €I T3 FT TAST-EAET qEA AT |

3. T FE3All TEAC, gELAT AITH, YeATAT, TEHEF €3¢ AT AH UTISEL Th

ST A S | TAAEA TTISff T AEEHeT SAC | BT FEATHC HC
Tewaff et R "

3. =9 UsaffAc #ff Feeaff €8T 9s et s9aff deveg WA

¥, TG (F THIE 913 H(H TH HIUTEU Fl aIeaeqdfd FELH | BT A3
FfAC T TeEff ST T3 geAA FEafAT AT AESTHEL AT FeL(A|

qIE: TEAM FT HESH €9 A qEAC

Language In India, Volume 6, 1 January 2006 7



Nayanagari Keyboard And The Computer Interface

Table-4 shows the keyboard mapping for the Nayanagari characters for an standard
QWERTY keyboard. The mapping is intuitive and is as simple as it is in English.
Nayanagari interface with the computer is direct. It uses only the standard English
keyboard, and does not require any specific hardware or software keyboard
mechanism. Nayanagari alphabets is currently designed fully based on the ASCII
encoding, though in future it will be implemented using the Unicode encoding of its
own. From the computing and usage point of view, Nayanagari has no less advantages
in any way to that of English. Out of the 52 keys of the English alphabets (26
uppercase and 26 lowercase), 47 (8 vowels + 37 consonants + 2 special characters)
are being currently used in Nayanagari, leaving 5 keys (H, I, Q, X, and Z) for
potential use in future. In Table-4 each cell represents one keypad, and the letter pair
in each cell indicate which Nayanagari key corresponds to which QWERTY key.

Table 4. Nayanagari keyboard map

fii te 7/A T/a

/o 110 q/u t/E

F/K g/K /g /G =Y
F/C 3/C S/j G 37/q
a/t ST /d &/D /N
q/v a/V a/f g/F q/n
q/p %/ P /b /B a/m
qy /W </ /W

/X /S q/s /z

g/h /R r WU

1L (rupee symbol)/M

Conclusion

The existing character set and the script of Devanagari ( and of any Brahmi script) are
not as systematic as one would expect. The vowel characters are used in the script in a
non-progressive manner while the conosonant characteres are used as syllables
(having an inherent vowel sound associated with each consonant). The non-systematic
use of the vowels and the consonants of the script mandate conjucts, which create
major issues in sorting, indexing, learning, etc. The conjuncts also render the script to
stay open-ended, as there exists no closed set of conjuncts agreed by all.

We presented in this paper a systematic and completely conjunct-free writing
system (or script) of Devanagari, named as Nayanagari. Nayanagari has an alphabet
set of 45 characters (8 vowels and 37 consonants), which are grouped and ordered in a
systematic manner. As there are no conjuncts in Nayanagari, the script is simple and
fully close-ended. We showed in this paper how any Devanagari word can be
converted into Nayanagari format.

For the computer interface of Nayanagari, we presented a keyboard map, which is
simple and very easy to memorize. As Nayanagari is directly and fully mappable to
ASCII, one can easily be eanbled to write programs like C, C++, or any other
computing language or script in Nayanagari. Any Operating System (OS) can easily
be ported to Nayanagari as well, enabling its ubiquitous use in computing. As it is
systematic, Nayanagari is very easy to learn and to use by everyone including the
children.
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The Nayanagari solution, as presented in this paper, apply in general for any other
Brahmi language as well. We believe, it is inevitable for any of the Brahmi scripts to
be more systematic and to be free of conjuncts, for simplicity and for computing ease.
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