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Indus writing is multilingual: a part-syllabic 
system at work 
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A solution to unravel the mystery behind the Indus writing and the underlying language is reported 
here. The binding between two phonemes present in a language can be quantified by analysing the 
bigrams of characters that represent them. The application of information theory to this vexed 
problem of deciphering Indus script leads one to discern the type of script and it turns out to be 
abugida type. All the vowels and consonants present in the Indus text are elucidated. The analysis 
shows that the language underlying the Indus text is both Dravidian and Aryan in origin and  
encompasses more than one language. The evolution of Tamil, Kannada, Telugu, Prakrit and Deva-
nagari scripts is traced. It brings to light that the Indus Civilization had reached great heights in 
literacy. 
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MANY attempts have been made since 1921 to decipher 
the Indus text based on rebus principle1. The first excava-
tion carried out at Mohenjodaro2 brought to light that an 
advanced urban civilization3,4 (see Figure S1 in Supple-
mentary material on-line) did exist in the Indian subcon-
tinent during the bronze age 4300 years Before Present 
(ybp). An acceptable decipherment of Indus text is yet to 
be found. The reason attributed to the failure in reading 
the Indus text is twofold5–11. The first is the brevity of 
texts found in the inscriptions whose average length does 
not exceed five characters per seal6. Second, there is no 
bilingual passage available that relates the extinct script 
to that practised in ancient India. We believe that the  
Indus Valley Civilization did not die, but took a new  
avatar in the form of multiple Indian languages and 
scripts numbering about 15 in all12. The cause for the ap-
parent collapse of the Indus Civilization could be natural 
disasters like disease, earthquake, flood, fire, tsunami, 
etc. However, the people do not appear to have vanished 
en masse, but exodus took place to much safer zones 
within the Indian subcontinent as if a beehive was  
disturbed and forced to relocate to different places. They 
appear to have possessed tacit knowledge of the lan-
guages spoken at that time. 
 Akin to the Roman alphabets that find widespread use 
in Europe, the people of the Indus Civilization might 
have used a common script to communicate and record 
the multiplicity of languages that were in vogue. This  

inference is drawn from the following fact. The Indus 
Civilization had spread over an area of 1.5 million 
sq. km. This is about twice the area of present-day South 
India, where principally four major Dravidian languages 
are spoken, namely Tamil, Kannada, Telugu and Malaya-
lam. The two major metropolitan cities of the Indus Civi-
lization, namely Mohenjodaro and Harappa (M&H), 
geographically separated by 640 km, might have em-
ployed a common script and there were more than 50 
identical texts found from these two sites6 (Table 1). 
 The brevity of the Indus text shall be explained on the 
following lines. We believe that the short text-bearing  
Indus seals6–11 were primarily used for propagating liter-
acy among people in the form of teaching aids like the 
nursery school flash-card material. Hence nearly all sign 
combinations appear in these seal inscriptions and  
one obtains a satisfactory statistical information from 
 
 

Table 1. Indentical looking texts found from Mohenjodaro  
  and Harappa (M&H) 
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these short texts. Also, these artefacts were found to be 
strewn in front of the houses and street corners. The  
Indus people might have discarded these materials as use-
less, carrying with them only the valuables. So far, about 
3000 seal inscriptions have been unearthed from the  
Mohenjodaro and Harappan sites. A systematic inventory 
of the Indus signs was brought out by Iravatham  
Mahadevan (IM) in the form of a compendium6. 
 In Indian epigraphy and palaeography, there were two 
scripts prevalent in ancient India, namely Brahmi and 
Kharosthi13–17. Rock edicts of Emperor Asoka were  
engraved in Brahmi script13. Though the script of Asokan 
edicts was the earliest specimen of writing in India, 
scholars have suggested its development from a still older 
script that could possibly be from the Indus Valley 
script18. What we know with certainty about the Indus 
text is its direction of writing. It was written from right to 
left and this conclusion19 was reached by C. J. Gadd, S. 
Smith, S. Langdon, J. Marshall and G. R. Hunter. The  
Indus text consists of about 419 unique signs (see Table 
S1 in Supplementary material on-line) or characters.  
The words found in the Indus text span from 1 to 14 signs 
on a given line. The phonemic values of these signs and 
the language used are not known. In this work, informa-
tion theory has been used to shed light on the nature of 
the Indus script20–22. To discern the Indus script type to be 
logographic, syllabic, part-syllabic, alphabetic or purely 
random, we employed the information theoretic approach 
of computing the first- and second-order entropy values 
from the pairwise combination of signs listed in IM cor-
pus on Indus text. We have also computed these values 
for other languages as well. 

Indus script a part-syllabic system of writing 

To establish a possible relationship between the languages 
in currency today and the Indus language, sample texts 
were collected from Tamil, Kannada, Sanskrit and Eng-
lish23–35. Literary works and dictionary materials avail-
able in these languages form the source material for 
information theoretic analysis. The language text in  
alphabetic form was converted to syllabic form and the 
text containing part-syllabic form was converted to fully 
syllabic and alphabetic forms. From these expanded and  
reduced character sets, pairwise distribution of letters was 
obtained for a given language. This forms the basic input 
to the entropy calculations22. Table 2 lists the results  
obtained from this analysis. 
 The first- and second-order entropy values give an  
insight into the effective number of signs or characters, 
namely N1, N2 used at the beginning and successive posi-
tions in the words22,33. If the part-syllabic present-day 
Tamil characters are fully converted to syllabic form, it 
would consist of 247 distinct signs. Similarly, Sanskrit 
and English characters would occupy 594 and 153 signs 

respectively. The computed values of N1, N2 obtained for 
fully syllabic Cangam Tamil text are 92.6 and 14.9  
respectively. The corresponding values for the Indus text 
are 76.8 and 12.6 respectively. The Indus text comprises 
419 signs. Of these, only 399 signs figure in the pairwise 
distribution. The remaining 20 appear in isolation and 
form the solo members of the Indus signs. The computed 
value for N1 is 76.8 for the Indus script and this means 
that the beginning letter of a word can be guessed from 
any one of the 76 predominantly used signs. Likewise, 
the computed value for N2 is 12.6 and this implies that af-
ter guessing the occurrence of the first sign, the guess for 
the second sign is limited to 12 signs. The second millen-
nium Tamil–Brahmi script is fully syllabic and consists 
of 208 distinct signs36,37. The values of N1 and N2  
obtained for the Indus text lie between the values for  
alphabetic and syllabic systems of writing. Hence it can 
be established that the Indus script is part-syllabic. This 
implies that the Indus text must contain medial-vowel  
signs that usually follow the consonants and conjunct 
consonants. In the case of Kannada script the medial-
vowel signs never occur at the beginning of words38. 
They appear in words at the medial and terminal positions 
only. 
 The script used to write Tamil also belongs to the part-
syllabic system39. There are five medial-vowel signs 
(¡, ¦, §, ¨,, ª) present in Tamil, which combine with 
the consonants and make it a part-syllabic system. Like-
wise, we could identify ten medial-vowel signs in the Indus 
text, viz. [ , , , , , , , , , ] and they seldom 
occur at the beginning position in words (Table 3). 
 If the nature of the language spoken by the Indus peo-
ple was predominantly Dravidian, it could easily be dis-
cerned by identifying the presence of short vowels for ‘e’ 
and ‘o’ in the Indus text. However, they are absent in  
Aryan languages. Evidence for the Dravidian nature of 
the Indus text is revealed by the occurrence of text lines 
that differ by one terminal sign, namely the comb symbol 

. Fifteen such pairs of lines were identified from the 
M&H sites (Table 4). The text lines that terminate with 
the jar symbol  are understood to be the short medial-
vowel sign ‘e’ and those that end with  to be the long 
medial-vowel sign ‘ē’. 
 A majority of Indian languages were endowed with a 
script of their own. For instance, Tamil, Kannada, Te-
lugu, Malayalam, Sanskrit, Gujarati, Punjabi, Bengali and 
Oriya have their own scripts for writing letters and nu-
merals12. Though there are many scripts practised today, 
they all share one common feature, namely the count of 
the vowel and consonant sign inventory does not exceed 
16 and 36 respectively. All these scripts begin with ‘a’ 
and ‘k’ to be the first members of the vowel and conso-
nant lists respectively. The Dravidian language inventory 
of characters includes two more vowels, namely the short 
‘e’ and short ‘o’ and two additional consonants, namely 
‘Þ’ (Æ, ¿) and ‘º’ (È, ¾). 
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Table 2. Entropy values for Indus and other languages 

T V C J Cv Jv M N H0 N0 < N H1 N1 H2 N2 Script/ 
language 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

? Iravatham Mahadevan  417  8.33   321  6.26 76.84 3.65 12.56 
? Bryan Wells  694  9.01   514  6.51 90.88 3.72 13.14 

Indus signs 

 
L Huang Xuanjing et al.  10,000  12.4  5403  9.62 785.8  6.09 68.03 Chinese 
R pi value: first 10,000 places        10   3.32      10  3.32 9.995  3.32 9.966 
A 12 18   0     0     0   1        31   4.95      31  4.42 21.35  3.09   8.51 
S 12 18   0 216     0   1      247   7.78    220  6.53 92.62  3.90 14.94 

RS 12 18   0   90     0   1      121   6.85    115  5.84 57.10  3.78 13.72 
ES 12 18 75   90 375   1      571   8.54    373  6.18 72.48  4.00 16.01 

Tamil 
Cangam  
literature 

ES 12 18 75 216 900   1   1,222   9.69    824  7.19 145.9  4.29 19.58 
A 14 34   0     0     0   0        48   5.55      47  4.59 24.02  3.03   8.18 Kannada 

Sarvagna  S 14 34   0 476     0   0      524   8.0    256  6.71 105.0  3.54 11.60 
A 16 34   0     0     0   0        50   5.09      34  4.60 24.23  3.11   8.63 
S 16 34   0 544     0   0      594   8.22    298  6.65 100.1  4.39 20.97 

Sanskrit 
Story of Nala 

RS 16 34   0 170     0   0      220   7.43    172  5.84 57.38  4.03 16.37 
A   6 21   0     0     0   0        27   4.75      27  4.29 19.59  2.96   7.76 English – Hamlet  

by Shakespeare S   6 21   0 126     0   0      153   7.11    138  5.87 58.35  3.35 10.16 
A 12 22   1     0     1   1        37   5.21      37  4.31 19.85  3.08   8.46 Tamil  

Lexicon S 12 22   1 264   13   1      313   8.06    266  6.47 88.97  4.67 25.43 
A 14 34   0     0     0   0        48   5.58      48  4.71 26.18  3.30   9.82 Kannada  

dictionary S 14 34   0 476     0   0      524   8.45    349  6.99 127.4  4.58 23.90 
A 16 34   0     0     0   0        50   5.64      50  4.68 25.67  3.34 10.10 MW-Sanskrit 

dictionary S 16 34   0 544     0   0      594   8.64    399  6.92 120.9  5.17 36.07 
A   5 21   0     0     0   0        26   4.70      26  4.16 17.88  3.49 11.26 English wordlist  

CornCob S   5 21   0 105     0   0      131   6.99    127  6.03 65.21  4.49 22.39 

V, Vowel; C, Consonant; J, Conjunct consonant; CV, Consonant–vowel; JV, Conjunct–vowel; M; Mute; N = V + C + J + CV + JV + M; N, Distinct 
number of signs used in the corpus; R, Random; T, Type of script; L, Logographic; A, Alphabetic; S, Syllabic; RS, Reduced syllabic; ES, Extended 
syllabic; H0, Zeroth-order entropy per character; N0, Distinct number of signs/characters appearing in bigram; H1, First-order entropy per character; 
N1, Expectation value of signs/characters in the first order; H2, Second-order entropy per character; N2, Expectation value of signs/characters in the 
second order; MW, Monier Williams; CornCob, A word list available in www.mieliestronk.com/wordlist.html 
 
Table 3. Positional and the frequency distribution of medial-vowel  
  signs in the Indus text 

Sign# Sign I M F TM KN DV RM 
097  1c  87   3     

099  2+ 625  22 ¡  a  

123  0 186   7  Á  À 

176  0  38 316  Ã e Á 

211  0  42 184  ¤ Ä ‚ u 

342  1c 420 971 ¦ É  e 

347  1c 116   1 ¥ Æ ƒ Â 

358  0  32  0* ¨ Ê E ai 

374  0   0  9s  A < Ú 

321  0   1  12  B > Í 

Sign#, Sign no. as listed in Mahadevan’s corpus. 
I, Initial; M, Medial; F, Final; TM, Tamil; KN, Kannada; DV, Devana-
gari; RM, Roman; c, Continuation from the previous line; +, Likely to 
be initial_vowel sign  (sign 100); *Appears always with  to the left; 
s, Listed to be solus, but appears in the final position. 

Table 4. Identical looking Indus words that differ by short and long  
  medial-vowel sign ‘e’ 

Site 
name 

Text 
no. 

 
Text line 

Site 
name 

Text 
no. 

 
Text line 

H 4497  M 2848  
M 2380  M 2444  
M 3238  M 3502  
M 3512  M 1620  
M 2499  H 5282  
M 2502  H 4487  
M 1226  H 4318  
M 1040  H 5276  
H 5286  H 4646  
H 4650  H 4161  
H 4094  H 4563  
H 5280  H 4338  
H 4074  H 4679  
H 5266  H 5306  
H 5470  H 5308  
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 The ancient rock inscriptions13 found in India were 
written using Brahmi and Kharosthi scripts. They date 
back to 2500 ybp and belong to the syllabic system of 
writing. The texts found in Kharosthi script were written 
from right to left and the Brahmi script from left to right. 
The genesis of these scripts is not known. It is believed 
that all modern Indian language scripts have evolved 
from the Brahmi script. The consonant–vowels in Brahmi 
and Kharosthi scripts appear in conflated form. 
 

The Brahmi script 

 
[¸]   [¸¡]   [¸¢]     [¸£]    [Ì]   [Ü]    [¦¸] [¦¦¸] [¦¸¡] ¦¸ª] 
 

The Kharosthi script 

 

  
  [PÀ]   [Q]    [PÀÄ]   [PÀÈ]   [PÉ]   [PÉÆ] 
 

Early Tamil inscriptions that date back to 2200 ybp were 
written in southern Brahmi. Tamil emerges as a part-
syllabic system of writing37 about 1400 ybp. It looks  
easier to trace the genesis of Tamil, Kannada and Deva-
nagari scripts directly from the Indus script rather than 
deriving it from the Brahmi route40. The Indus script 
seems to be the panacea for understanding the varied 
forms of medial-vowel signs and conjunct consonants 
present in modern Indian language scripts. We were able 
to identify from the Indus text the presence of scripts for 
five Indian languages, namely Tamil, Kannada, Telugu, 
Prakrit and Sanskrit. 

Tamil 

The ancient Tamil grammar treatise, Tolkāppiyam41,42,  
describes the number of vowels and consonants present in 
Tamil. The two aphoristic propositions of interest have 
been culled out and are listed below. 
 

1. The twelve phonemes through /au/ are known to be 
vowels, so has it been laid down (verse-8 of 1602). 

2. The eighteen phonemes through /n/ are called conso-
nants, thus goes the usage codified (verse-9 of 1602). 

 

The initial-vowel sequence for Tamil is listed below: 
 

Roman 
Tamil 
Indus 

a 
« 

 

ā 
¬ 

 

i 
þ 

 

ī 
® 

 

u 
¯ 

 

ū 
° 

 
Roman 
Tamil 
Indus 

e 
± 

 

e– 
² 

 

ai 
³ 

 

o 
´ 

 

ō 
μ 

 

au
¶ 

 

These vowels appear more frequently at the beginning of 
words and seldom occur at the terminal position. The 
‘rain’ symbol  stands for the last member (12th in the 
list) of the initial-vowels and denotes the phoneme ‘au’. 
The initial-vowel that appears to the left of medial-vowel 
signs also acts as a word-divider in the Indus text. Tamil 
employs the special diacritic mark, ‘dot’ to depict basic 
consonants in final positions in the words. It helps to do 
away with ligaturing of two or more consonants and is 
also used to differentiate between the short and long 
vowels of ‘e’ and ‘o’. The occurrence frequency of char-
acters obtained from the Tamil corpus reveals that the 
medial-vowel signs {¦, §, ¨} and ¡ are used most39. 
Likewise, the two most used signs in the Indus text are   
and . Tamil-like feature deducible from the Indus text is 
given below.  
 

Primary medial-vowel sequence 
c-a 
¸ 

 

c-ā 
¸¡ 

 

c-i 
¸¢ 

 

c-ī 
¸£ 

 

c-u 
Ì, ƒ¤ 

,  

c-ū 
ã,à,ƒ¥ 

, ,  
 

Secondary medial-vowel sequence 
c-e 
¦¸ 

 

c-ē 
§¸ 

 

c-ai 
¦¦¸ 

 

c-o 
¦¸¡ 

 

c-ō 
§¸¡ 

 

c-au 
¦¦¸¡ 

 
 

The symbol  denotes a consonant invested with the in-
herent medial-vowel sign /a/. Table 5 gives the complete 
list of primary and secondary medial-vowel sequences. 
These medial-vowel sequences do not employ the sign . 
Instead the short single vertical stroke sign  is used. The 
medial-vowel notation for Tamil in the Indus text resem-
bles that of the Bhattiprolu inscriptions (2100 ybp)36. 
There is a separate marker for the medial vowels /a/ and 
/ā/ in this system. Examples for the presence of basic 
consonant and the medial-vowel /a/ consonant that appear 
in the Indus text are listed below. 
 

c_ca ca_c ca_ca c_c 

 
 

 
 
 
 
 

 
 
 

 
  

 
 

 
 
 

 
 
 

 

 

 

Examples for words beginning with a given consonant and 
followed by other medial-vowel signs for a, ā, i that appear 
in the Indus text are listed below. 
 

c_ca cā_ca ci_ca ca_ca 
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Table 5. Tamil-like consonant–vowel sequences found in the Indus text 

   

c-a  (+)  
 

 
 

, , ,  
, ,  

,  
,  

 

  
   

 
 

 
 

 

 

c-ā ¡ ¡    , , ,  , ,  ,           

c-i 
 ¢  ¢    ,   , ,  ,            

c-ī 
 £  £     , ,         

 ¤ 
 

   , , ,  , ,  
           

c-u 
embedded−u 
  Ò, Ð, Ó    , ,   ,      

      

 
  

 ,             

 ¥ 
                

        
    

c-ū 
embedded-ū 
  â, à, ã  

  ,   ,         

c-e ¦   
 

 
 

, , ,  
, ,  

 

,  
,  

 
 

 
  

  

  

   

c-ē §  ¦                  

                
c-ai ¨  ¦¦  

 
  

 
            

c-o ¦ ¡ ¡  
  

,  ,  ,           

 
  

 , ,             
c-ō § ¡ ¦ ¡ 

 
               

 
               

c-au ¦ ª ¦ ¦¡ 
 

  
 

            

c  
   

  
 

  
 

 
,  

 

,  

 
  

 
 

 
 
 

   

c, Consonant; a, i, u, e, o, Short medial-vowel signs; +, Prior to script reform by C. J. Beschi (year 1730); + = ; + = ; + = ; ~ ; 
~ ; , Consonant invested with the inherent medial-vowel /a/. 

 

Bryan Wells9, in his corpus does not differentiate bet-
ween the short single vertical stroke signs that were top 
and middle aligned ( , ) in the text. The same holds good 
for the two short vertical stroke signs ( , ) as well. We 
feel that these signs need to be differentiated in order to 
depict words that have identical meaning and are written 
with and without the word beginning with consonant as 
they appear in Tamil. Examples for such occurrences are: 
camai=amai (to construct), capai=cavai=avai (an assem-
bly, a court), cāl=āl (a banyan tree), cā¸ºōr=ā¸ºōr (a  
noble person), yā¸ai=ā¸ai (elephant), yāmai=āmai (tor-
toise), yāºu=āºu (river), yāy=āy (mother), yār=ār (who), 
yān t u=ān t u (year). Here a and ā can be equated to the In-
dus signs  and , cā to be  and yā to be . The signs  
and  stand for the medial-vowels and the signs  and  

stand for initial-vowels. Also, there is a likelihood that 
the initial-vowels  and  shall follow the medial-vowels  
and  in word conjunctions. The bigram  appears 15 
times in the IM corpus. The possibility of such an occur-
rence is mentioned in verse 226 of Tolkāppiyam that 
reads as 
 
There occurs /a/ distinct 
After the word-final /ā/ preceded by a short vowel,  
And after the one-letter [/ā/] ending word 
[Before the succeeding word]. 
 
For example, [Tamil] palā + k½Çu → palāakk½Çu; 
kā +kuºai → kāakkuºai and [Indus] … ; … ; … 

; … . 
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The bigrams  and  appear to be one-letter word and 
the signs  and  stand for the two basic consonants.  

The consonants conflated with medial vowel sign /u/ 

Like the presence of medial-vowel sign /ā/ (or ¡), there is 
no separate medial-vowel sign /u/ found in Tamil. This 
kind of feature is also noticed in the Indus text. We have 
identified the following signs to represent the conflated 
form of consonants with the medial vowel sign /u/. They 
are: , , , , , , , , , , , , , , , , , 

, , , , , , , , , . The medial-vowel sign  
does not follow the above conflated signs. However, me-
dial-vowel signs such as , , , ,  do appear after the 
above conflated signs. The bigrams such as  and  
stand for the consonant conflated with medial-vowel 
signs /o/ and /ū/ respectively.  

Kannada 

The initial-vowel sequence for Kannada is given below. 
 

Roman 
Kannada 
Indus 

a 
C 

 

ā 
D 

 

i 
E 

 

ī 
F 
,  

u 
G 

 

ū 
H 

 

¦ 
IÄ 

 

e
J

ē 
K 

 
 

Roman 
Kannada 
Indus 

ai 
L 
,  

o 
M 

 

ō 
N 

 

au 
O 

 

aÉ 
CA 

,  

Í 
CB 

 
 
Kannada-like features deducible from the Indus text are 
given below. 
 

Primary medial-vowel sequence 

c-a 

À 

 

c-ā 

Á 

 

c-i 

Â 
 

c-ī 

ÂÃ 
 

c-u 

ÀÄ 

 

c-ū 

ÀÆ 

 
 

Secondary medial-vowel sequence 
c-e 

É 

 

c-ē 

ÉÃ 

 

c-ai 

ÉÊ 

 

c-o 

ÉÆ 

 

c-ō 

ÉÆÃ 

 

c-au 

Ë 

 
 
These medial-vowel sequences do employ the sign , but 
not the short single vertical stroke sign . A full list of pri-
mary and secondary medial-vowel sequences is given in 
Table 6. 
 Some instances of conflation of initial-vowel sign with 
consonants are listed below. 
 
 = = ; = = ; = = ;  

 = = ; = = ; = ; = ;  
 = ; = ; = ; = ; = ; = ;  
 = ; = ; = ; = ; = ;  
 = ; = ; =  
 
We identify the signs ,  to be Kannada letters o(M)  
and ô(Y). Likewise, the signs ,  are the Kannada  
letters i(E) and ð(k) respectively. Some instances of con-
flation of consonants that form conjunct consonants are 
listed below. 
 
 + = ; + = ; + = ;  + = ;  
 + = ; + = ; + = ;  
 + = ; + = ; + = ; + = ;  
 + = ; + + = ; + = ; + =  
 
The medial-vowel signs do follow these conjunct conso-
nant signs indicating that they are made up of more than 
one consonant. The number of unique signs that precedes 
the medial-vowel sign in the Indus text can also be accoun-
ted based on grouping the medial-vowel sequence descri-
bed. The number of conflated consonants that precedes the 
medial-vowel sign also adds to this tally (Table 7).  
 The grouping for medial-vowel signs ,  and  for 
the Indus and Kannada scripts is shown below. 
 
 ( )= ( + ) 

  ( )Á=( + É)Á 

 ( )= (  + + + ) 

  ( )Ã=( Â+ É+ ÉÆ+ )Ã 

 ( )= ( + + + + + ) 

  ( )É=( + Ã+ Ê+ Æ+ ÆÃ+ Á)É 
 
The basic words in Kannada indicating parts of the  
human body and numeral names do end with medial-
vowel ‘e’ and ‘u’ in addition to the medial-vowel ‘a’. A 
few of them are listed below. 

Words ending in ‘e’ 

Kuttige (neck), ede (heart), nālige (tongue), hotte
&&

 (stom-
ach), hane

&
 (fore-head), ondūvare (one and half). 

Words ending in ‘u’ 

Mūgu (nose), kannu
& &

(eye), hallu (tooth), kālu (leg), 
bennu (back), beraÒu (finger), hubbu (eye-brow). 
 Ondu (one), eradu

&
(two), mūru (three), nālku (four), 

aidu (five), āru (six), ēlu (seven), entu
&&

 (eight), ombattu 
(nine), hattu (ten). 
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Table 6. Kannada-like consonant–vowel sequences found in the Indus text 

   

c-a À  
 

 

 

 

 

 

, , , ,  

, ,  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

c-ā Á     ,      ,        

c-i Â     , , , ,             

c-ī ÂÃ  
   , , , ,             

c-u ÀÄ     , , , ,             

 
   , ,             

ÀÄÃ 
 

               c-ū 

ÀÆ  
   ,             

c-¦u ÀÈ  
               

c-¦ū Àñ  
               

c-e É  
 

 

 

 
,  

,  

, , , ,  

, , ,  

  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

,  
   

 

  

 

 

 

   

 

 

 c-ē ÉÃ 

                

c-ai ÉÊ  
 

              

c-o ÉÆ  

  

 

 

 
, ,  

 

 
 

   
 

 
 

 

 

   

 

 

 

 

 

                
c-ō ÉÆÃ 

 
               

 
               

 
               c-au Ë 

 
               

c-aÉ A       ?           

c-aÍ B  
 

              

c Ã     , , ,             

c, Consonant; a, i, u, e, o, Short medial-vowel signs; , Consonant invested with the inherent medial-vowel /a/. 

+  = ; +  = ; ~ ; ~ ; + = ; +  = ; +  = ; +  = ; + = ; + = ; = . 
 

 
 The words listed in columns 1 and 2 of Table 1 that 
end with the sign  represent words ending in ‘e’,  
and the words listed in column 4 of Table 1 that end with 
the sign  represent words ending in ‘u’ from the Indus 
text. 

Telugu  

There is a lot of similarity between Kannada and Telugu 
scripts43,44. The medial-vowel signs resemble each other 
in many respects. However, these languages differ from 
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the semantics point of view. Many nouns in Telugu end 
with the letter ‘ka’. Words of this nature are: ciluka (a 
parrot), jinka (an antelope), kukka (a dog), mēka (a goat), 
nakka (a jackal) and piccuka (a sparrow). This character-
istic feature differentiates Telugu words from Tamil and 
Kannada words. The word ‘eluka’ in Telugu meaning 
‘rat’ corresponds to ‘eli’ in Tamil and ‘ili’ in Kannada. 
The Indus text abounds with such words that end with the 
sign  denoting the letter ‘ka’. We could identify the 
likely consonants for Telugu from the Indus strings that 
terminate with trigrams of the type . Table S2 (see 
Supplementary material online) lists all the primary and 
secondary medial-vowel sequences for Telugu. 

Prakrit and Sanskrit 

Prakrit-like features deducible from the Indus text are 
given below. 
 
Primary medial-vowel sequence: 

 , , , , , ,  (Indus script) 

 , a,  i ,   I,   ‚,   ƒ (Devanagari script) 
 
Secondary medial-vowel sequence: 

 , , ,   (Indus script) 
 e,    E,    ,e, ,E  (Devanagari script) 
 
Doubling of medial-vowel sign Ã (Indus sign ) is not a 
feature of the Kannada script. However, the presence of 

 can be construed to represent the diphthongs ‘ai’ and 
‘au’ present in the Devanagari script.  
 

 , , ,  (Indus script) 

 e,    E,     ,e,    ,E  (Devanagari script) 

Much refined and alternate form for these four medial-
vowels is given below. 
 
 , , ,  (Indus script) 
 
A full list of primary and secondary medial-vowel  
sequences for Prakrit is given in Table S3 (see Supple-
mentary material online). 
 An alternative form to indicate the presence of long 
medial-vowels ‘ē’( ) and ‘ō’( ) and diphthong ‘ai’( ) 
exists in the Indus text. Their forms are: ,  and 

. In Mohenjodaro text  and  appear in the ratio 
4 : 1, and  and  in the ratio 11 : 1. Likewise for the 
Harappan text,  and  appear in the ratio 1 : 4 and  
and  in equal measure. In the Mohenjodaro text,  
and  appear in equal measure and for Harappan text 
in the ratio 3 : 1. The above statistics leads one to believe 
that the Harappan people tried to simplify their script by 
gradually eliminating the usage of additional signs like 

,  and . This feature observed in script reformation 
indicates the maturity level attained by the Harappan 
people in literacy. 
 Also the initial-vowels a, u, ū, ā, au, i, ī appear as follows: 
 

  = A;  = %;  = ^;  =  = Aa; 

  = AaE;  =  = #;  = $. 
 

A full list of primary and secondary medial-vowel  
sequences for Sanskrit is given in Table S4 (see 
Supplementary material online).  

Brahmi 

In Brahmi script12,36, the primary medial-vowel sign con-
flates with the consonant at the right side and the secon-
dary medial-vowel sign conflates to the left side of the 
consonant. This feature is reflected in Prakrit-like conso-
nant–vowel sequence obtained from the Indus text, for 
example: 
 

Roman r-¼ œ-¼ t-¼ Çh-ai th-¼ m-¼ b-¼ 
Brahmi        
Indus        
Roman r-À œ-À t-À Çh-À th-À m-À b-À 
Brahmi        
Indus        

 

This feature of medial-vowel sign appearing on either 
side of the consonant sign suggests that the Brahmi script 
could have evolved from the archaic script practised for 
writing Prakrit language. The absence of bigrams , 

, , ,  and presence of bigrams , , 
, ,  in the Indus text indicate that Prakrit and 

Kannada belong to different language families. 

Table 7. n-Distinct occurrence of consonant–vowel combinations 
  from the IM corpus 

 
Indus 

 
Roman 

 
Actual value (n) 

Anticipated 
maximum (n) 

c_v c_v Indus Kannada Kannada 

   À  32  43 2*36 = 72 

   Á  63  80 4*36 = 144 

   u  22  45 2*36 = 72 

   Â   6  19 1*36 = 36 

   e 135 131 6*36 = 216 

   ¼  31  54 2*36 = 72 

   Â  37  62 3*36 = 108 

   o  31  43 2*36 = 72 

   ai  12  20 1*36 = 36 
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Kharosthi 

The genesis of the fully syllabic nature of the Kharosthi 
script can be traced from the Indus script. 
 

  

                     –                (Indus Script) 
 
The Indus sign  bears semblance with the nasal conso-
nant ‘n’ the Kharosthi script. It does not appear at the initial 
position in words and selectively combines with the sign 

 to form the bigram  in the Indus text. We  
 assign the phonemic value ‘r’ to the Indus sign . 

Aryan and Dravidian presence in M&H 

Having discerned the existence of four radically different 
scripts for archaic Tamil (aTamil), archaic Kannada 
(aKannada), archaic Prakrit (aPrakrit) and archaic San-
skrit (aSanskrit) languages from the Indus text, it is pos-
sible to obtain demographic details on the metropolitan 
cities of M&H. The secondary medial-vowel modifiers 
,  and  play a crucial role in aTamil. Likewise, the 
secondary medial-vowel sign  plays a vital role in 
aKannada. There is no secondary medial-vowel sign akin 
to  or  in aPrakrit. Simultaneous occurrence of signs 
such as {  and }, {  and }, {  and }, {  and }, {  
and } within the same seal is seldom found. The ab-
sence of bigrams ,  in the Indus text clearly indi-
cates that the signs , , ,  do represent the long 
vowels. They act both as initial and medial-vowels. The 
Prakrit language contains the short /e/ and short /o/  
medial vowels. They appear as the bigrams  and  in 
the Indus text. The occurrence of the doublet  denoting 
the phoneme /ai/ is a feature of aSanskrit. Akin to the 
presence of secondary medial-vowel  in aTamil, there is 
a need for the presence of the medial-vowel  in aSanskrit 
to denote the phoneme /au/. The trigram  stands for 
the medial-vowel /au/ in aSanskrit. 
 The lines of text gathered from M&H sites alone con-
stitute nearly 90% of the volume of Indus writing. We 
have culled out three independent datasets from the Indus 
text that would reflect aTamil, aKannada and aPrakrit 
features. The Indus seals having the medial-vowel sign  
and initial-vowel sign  form the aTamil dataset. It con-
sists of 100 seals from M, 23 seals from H and 20 seals 
from other sites (O). Likewise, the seals having the me-
dial-vowel sign  form the aKannada dataset. It consists 
of 77 seals from M, 234 seals from H and 15 seals from 
O. Similarly, seals having the vowel signs , , ,  
form the aPrakrit dataset. It consists of 152 seals from M, 
56 seals from H and 42 seals from O. An ensemble of 
these three datasets was also generated and this forms a 

micro-corpus of the Indus text. The size of this micro-
corpus was found to be 25% that of the macro-corpus. It 
consists of 338 texts from M, 314 from H and 77 from O. 
These numbers are nearly proportional to the number of 
objects unearthed from those sites. They are 1540, 985 
and 381 respectively. A closer examination of these three 
datasets reveals demographic information pertaining to 
M&H cities. The lines of text obtained for languages 
aTamil, aKannada and aPrakrit scale in the ratio 4 : 3 : 6 
for Mohenjodaro and 1 : 10 : 2 for Harappa. The occur-
rence of seals pertaining to a given language can be con-
strued to represent the number of speakers of that 
language as well. Grouping aTamil and aKannada as a 
Dravidian language family and aPrakrit as the Aryan lan-
guage family, one gets the statistics pertaining to Dravid-
ian (dark-skinned) and Aryan (light-skinned) speakers. It 
turns out that 52% of the inhabitants from Mohenjodaro 
were Dravidians and 48% Aryans. Likewise, for Harappa 
the Dravidian population was 82% and the Aryan popula-
tion 18%. The presence of antique Dravidians in all the 
Indus settlements was 67% of the total population and the 
antique Aryans presence was 33% of the total population. 
This observation corroborates with the estimate obtained 
from a genetics-based study on the Indian population45,46. 
They show that the ancestral North Indian (Aryan) com-
ponent ranges between 39% and 71% in most Indian 
groups. 
 The purity of Tamil language is vouchsafed by the 
presence of the medial-vowel sign , the presence of  
medial-vowel doublet sign  and the absence of  
medial-vowel sign  and that of Sanskrit by the presence 
of the medial-vowel sign , the presence of medial-vowel 
doublet sign  and the absence of the medial-vowel sign 

. An intriguing feature found in these languages was 
brought out by Thirumala Ramachandra of Prakrit Aca-
demy, Hyderabad47. The ‘Dative case’ marker takes the 
form ‘ku’ in Tamil, ‘ge’ in Kannada, ‘k-ē’ in Prakrit and 
‘ki’ in Telugu. In the Indus text, these correspond to the 
signs , ,  and  respectively. These signs occur 
at the terminal position in Indus texts with a frequency 1, 
65, 1 and 1 respectively. Also, the inferences drawn by 
Ramachandra are the following: Sanskrit is based on a 
pure Aryan tongue and Tamil on a pure Dravidian tongue. 
The admixture of these two tongues led to the formation 
of Prakrit. This presumption is corroborated by the occur-
rence of sign , a Dravidian characteristic symbol  
that appears in 63% of lines in aPrakrit set. According to 
Chilukūri Narayana Rao, the Telugu language evolved 
from Prakrit47. There is some veracity in his statement by 
gauging from the findings obtained from genomic stud-
ies. Sengupta et al.48 made the following observation: 
‘Only the L1 Subclade of haplogroup L occur among  
Indians and even Subclade L1 is only found at high fre-
quency among certain castes that speak languages of 
Southern Dravidian group such as Tamil, Kannada and 
Malayalam. It is a big mystery why negligible amount of 
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L1 present among castes of Telugu, the biggest Dravidian 
Linguistic group in India.’ 
 The following Indus text that reflects Telugu-type 
words which terminate with bigram of the type  and 
also includes the sign  is suggestive of the view of  
Chilukūri Narayana Rao that Telugu language was an off-
shoot from Prakrit. They are: 
 

Seal nos 1536 and 3104: ;  
Seal nos 5086 and 7265: ;  

Indus writing Dravidian in origin 

Radiocarbon dating11 of the artefacts found from Indus 
Valley fixes the period of existence of this urban society 
to be 4500–3700 ybp. The findings of Pitchappan49 for 
the Genographic project, about the migratory history of 
the human species in India, by analysing DNA from 
10,000 males are astounding (see Figure S2 in Supple-
mentary material on-line). The pattern of gene flow ob-
tained from various linguistic groups reveals that the 
ancestors to the present-day Dravidian language speaking 
people might have inhabited the Indian subcontinent 
10,000 ybp. It is apt here to quote from the writings of Sri 
Aurobindo on Tamil and Sanskrit50: ‘I found myself con-
tinually guided by words or by families of words sup-
posed to be pure Tamil in establishing new relations 
between Sanskrit and its distant sister, Latin, and occa-
sionally, between Greek and Sanskrit. Sometimes the 
Tamil vocable not only suggested the connection, but 
proved the missing link in a family of connected words. 
And it was through this Dravidian language that I came 
first to perceive what seems to me now the true law, origins 
and, as it were, the embryology of the Aryan tongues.’ 
 The words ‘rice’ and ‘paddy’ found in English may 
have etymological leanings from Tamil. The word ‘rice’ 
could have originated from the Tamil word ‘arici’ proba-
bly also for ‘oryza’ in Latin and the word ‘paddy’ that 
sounds like ‘pad i’ refers to the receptacle with which 
paddy is measured. 

Some important observations 

1. Like the presence of bigrams , , the bigrams 
, , ,  do not occur. 

2. Like the presence of bigrams ,  the bigrams 
,  do not occur. 

3. Like the presence of bigrams , , , the  
bigrams , , , , ,  do not occur. 

4. Like the presence of trigram , the trigram  
does not occur. 

5.  Like the presence of trigram , the bigram  could 
also occur. 

6.  Like the presence of trigram , the bigram  
could also occur. 

7. The presence of bigram  is indicative of Aryan and 
the presence of bigram  is indicative of Dravidian 
families. 

Entropy computation 

The basic ingredient to this information theoretic appro-
ach is the frequency of the pairwise combination L(I, J) 
of all the Indus signs. The first- and second-order entropy 
values are computed based on the following formula22. 
 

 
0

1
1 2

1

2 ; 1 ( ) ( ); ( ) log [1/ ( )];
N

h

I

N h P I B I B I P I
=

= = =∑  

 
0 0 0

1 1 1

( ) ( , ) ( , ) ,
N N N

J I J

P I L I J L I J
= = =

=∑ ∑∑  

 

 
0 0

2
2

1 1

2 ; 2 ( ) ( , ) ( , );
N N

h

I J

N h P I P I J B I J
= =

= =∑ ∑  

 
0

2
1

( , ) log [1/ ( , )]; ( , ) ( , ) / ( , ),
N

J

B I J P I J P I J L I J L I J
=

= = ∑  

 
where L(I, J) is the bigram frequency, N0, the distinct 
number of signs/characters appearing in the bigram; h1, 
the first-order entropy per character; N1, the expectation 
value of signs/characters in the first order; h2, the sec-
ond-order entropy per character and N2, the expectation 
value of signs/characters in the second order. 

Conclusion 

The Indus seals were largely recovered from materials 
strewn in front of the houses and over the streets. These 
are mostly inscriptions and might have been produced on 
a large scale to serve as learning material for the begin-
ners and for disseminating the script to the masses. Even 
though the count of the Indus seals is about 3000 only 
and the inscribed text in the seals was brief, the statistics 
obtained from them is not sparse, but good enough to rep-
resent a continuous text or a long passage. The decipher-
ment of Indus text based on pairwise distribution of Indus 
signs and information theory reveals that the Indus script 
could be classified as a part-syllabic system of writing. In 
present-day India, if one travels from south to north or 
east to west about 1000 km or less, the spoken language 
and the script differ. Likewise, in the erstwhile Indus  
region that spanned over a million square kilometres in 
area, the people might have spoken more than one lan-
guage. Hence it is prudent to arrive at the conclusion that 
the Indus text is multilingual based on the structural sem-
blance of characters present in Tamil, Kannada, Devana-
gari and Indus scripts.  
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