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ABSTRACT: A statistical analysis of the Indus signs is presented. It is shown that the
frequencies of the most common signs support the theory of the derivation of Brahmi
from Indus. Furthermore, evidence is presented that suggests that the language of the
Indus inscriptions was Indo-Aryan.
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INTRODUCTION

In a recent article [1] it was argued why the connections between the Brahmi (earliest available
record c¢. 300 B.C. [See Figure 1]) and the Indus (3000 B.C.-1500 B.C.) scripts should be
investigated further in order to make progress in the decipherment of the latter. In that
article the identification of many Indus signs was made on general conditions of shape and
the assumption that the text for the words sapta sindhu had been correctly identified. The
question of the frequency distribution of the Indus signs is now being taken up. It is shown
that this validates the earlier study and makes it possible to advance the decipherment further.

A careful analysis of the structural characteristics of the Indus texts was published by G.
R. Hunter in 1934.[2] Another noteworthy analysis is that of Mitchiner [3] who also provides
an excellent critique of the other attempts at decipherment.

The major conclusion of Hunter was that Brahmi is derived from Indus. He demonstrated
that the script is a syllabary of open and closed syllables. Since many of the signs of the script
appear singly, he further concluded that the language of the script is essentially monosyllabic.
This last conclusion may not be correct since single signs could represent abbreviations for
longer words or be symbols with religious or business implications. That abbreviations and
other palacographical formulae are likely to have been used in Indus records is indicated by such
use in later Indian inscriptions.[4] To arrive at a list of possible equivalents between Indus and
Brahmi signs, Hunter also considered connections with Sumerian, Egyptian, Proto-Elamite,
South Semitic, Phoenician, and Cypriot.

Hunter suggested that the similarities implied that Sabaean, Phoen1c1an and Cypriot were
derived from the Indus script. Table 1 summarizes the morphological relationship between
Indus and Brahmi given by Hunter. Note that this has several agreements with the smaller set
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of equivalences given in [1]. The most notable differences are shown in brackets in the table
itself.

Mitchiner’s main contribution is an analysis of the case-endings of the Indus inscriptions.
He concluded that these endings ruled out Elamite or Dravidian as the languages of the in-
scriptions. Furthermore, using Indus-Brahmi comparisons, he argued that the case-endings
were in consonance with early Indo-Aryan. He also noted that the languages of Harappa and
Mohenjo Daro had distinct features that could well indicate ancestry of Sanskrit and Prakrit
respectively. ‘

The analysis of [5], as well as the changing understanding of the Harappan civilization [6],
validates the general direction of the researches of Hunter and Mitchiner. The objective of this
paper is to determine if a frequency analysis of the signs of the Indus and the Brahmi scripts
can yield further insights into the nature of the Indus script and its language. The analysis
should be of interest to the general cryptologist as well, since the underlying problem is to see
how two alphabets, one of which is used for unread texts, can be shown to be related.

YL1CL CUoLJE UL A SAL LS LALY - &
DY ST TCA COACUR SALELHL HLAHAL DyFyhl
MALLLFTL HALE ALL AL LL HALLL 1L DAL TBE

Hidol D 11 D8R 43d3EdA sdAKIS LTELY
L+ bd NyLd ¥FFEd HLEDLR 4LeCpurkd Hdldd wSLLAL
TYOHABLY AL DLCED L-LDYLCJL DBLED L D¥LATWL
"yl AXJK Afoka's First Pillar Edict, Lauriyd Nandangarh, c. 242 5.c

(Line 1) De-vi-nam-pi-ye Pi-ya-da-si 1i-ja he-vam i-ha sa-du-vl-sa-ti-va-s3-bhi-si-te-na me i-yam

(2) dham-ma-li-pi li-khi-pi-ta. Hi-da-ta-pi-la-te du-sam-pa-ti-pa-da-ye am-na-ta a-gi-ya dham-ma-ki-ma-ti-ya

(8) a-gi-ya pa-lI-kh3-ya a-gi-ya su-sd-si-ya a-ge-na bha-ye-na a-ge-na u-sa-hc-na. E-sa cu kho ma-ma

(4) a-nu-sa-thi-ya dham-ma-pe-kha dham-ma-ki-ma-ti ca su-ve su-ve va-dhi-ta va-dhi-sa-ti ce-va. Pu-li-si pi me

(5) u-ka-s3 ca ge-va-yd ca ma-jhi-mi ca a-nu-vi-dhl-yam-ti sam-pa-ti-pi-da-yam-ti ca a-lam ca-pa-lam sa-mi-di-pa-yi-ta-ve,

(6) he-me-va am-ta-ma-hi-mi-t4 pi. E-si hi vi-dhi yi i-yam dham-me-na pi-la-na dham-me-na vi-dhi-ne dham-me-na su-khi-ya-na
(7) dham-me-na go-tlti,

Translation.
Thus speaks the King, Dear to the Gods, Priyadarsl. When the Law and love of the Law have grown and will grow from day
I had been consecrated twenty-six yecars 1 ordered this inscrip- to day. Moreover my officers, of%ﬁgh, low and medium grades,
tion of the Law (Dharma) to be engraved. Both this world and follow it and apply it, sufficiently to make the waverer accept it; the
the other are hard to reach, except by great Love of the Law, officers on the frontiers do likewise. For this is (my) rule: gov-
reat self-examination, great obedience (to the Law), great respect ernment by the Law, administration according to the Law, gratifi-
?for the Law), great energy. But through iny leadership respect for cation (of my aubjects) by the Law, protection by the Law.

Figure 1. Brahmi writing (Source: Basham [10]).
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Indus Brahmi Devanagari Indus Brahmi Devanagari
H =, H a " h na
pal a 2,),> < < ta
i O () tha
T a ’ by ’ é r da
|\ N A »h L u Ag" C':’: dna
O(L, = T o~ 1 na
r Q ’ A.i.} A ta
T 0 O] tha
1 I i ‘ ‘? C da
1 D D ¢ha
ALA o> e )l L na__|
[‘ﬂ — ai U.J LJ pa
J.,L 1 0 v,d,lW| © ALs) pha
+ au E] 0 ta
L f m o, bha
h Q o} ma
e -+ ka U, ¥l¥) L ya
P, & >, kha MW { ra
A,A.Nn| AN ga LR U, Y la__|
w14 L gha = o,b va
~ C ha A4 | ¢ ta
P,\’ . P‘ d ca @ b Sa
L?, b cha =5 [:U:] "LJ; k sa
E, E_ j & ja U U ha
Y.Y, H jha I ]

Table 1. Hunter’s ‘identification’ of the Indus signs. The note-
worthy differences in [1] have been shown in brackets.
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L002 100101 VAan'THU
L003 100101 ®Res ML
L004 1001017 UKL RC
L005 100101 UX/T2104%2%0
L006 100101 HDI®HO
2901 510003 %)
20001 THE A L
2847 210001 fTUUUSR U R XO
20001 NOBRUTX
30001 UXT)MIeud U
L012 100101 LURUNHE
L013 100101 UVELIYL
LO1L 100101 VAl AYCQUHEEB
LO15 100101 VAT @
L016 100101 Usanx'e
L017 100101 QAU
L018 100101 V)
LO19 1001071 U X/TI810 X
L020 100101 UVAMNYO"aeB3
L021 100101 Vainur &°
L0222 100101 T ABX43Q"O
L023 100101 UIH 20" B
L0224 100107 e &1
L025 100101 B UMATC
L026 100101 XUR R
L027 100101 Ot %
5256 210001 UTEXTDIRAT®
23690

Figure 2. A page of Indus writing. The numbers in the left column
identify the texts. Note Number 2847 is 26 characters long.
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STATISTICAL CONSIDERATIONS

The concordances of Parpola [7] or Mahadevan [8] may be consulted to give frequencies of
various Indus signs. It should be noted, however, that since the Indus inscriptions are not
representative of the language, being mostly proper names, these frequencies cannot be directly
related to the letter frequencies of the alphabet of the underlying language. As to the data,
only around 3000 inscriptions (many of which are multiple copies) have yet been found. Most
of the inscriptions are very brief, the average length being 5 characters (Figure 2). There are
no bilinguals and Brahmi, the other ancient script from the region, is not attested from epochs
before 300 B.C.

There is evidence that Brahmi had a long history in India before the Mauryan times. The
vowel/consonant classification system of Brahmi is a part of Astadhyayi, the great grammar
of Panini (fifth or sixth century B.C.) who himself was at the end of a long tradition of gram-
marians. Written characters (letters) are mentioned in Chindogya and Taittiriya Upanisad,
and Aitareya Aranyaka refers to the distinctions between the various consonant classes. The
fact that Chandogya Upanisad lists the basic alphabet and at the same time analyzes words
by letter counts of syllables suggests that writing at the time must have been syllabic as in
Brahmi. This indicates that the antecedents of Asokan Brahmi can be seen at least several
centuries before Panini. The interval between Indus writing and early Brahmi writing is thus
likely to be much narrower than the inscriptional evidence implies.

A hypothesis of Indus-Brahmi relationship suggests that the frequencies of the different
sounds of the Sanskrit alphabet may be a guide in identifying the indus alphabet. Table 2 is
from [9] and was obtained from 10,000 sounds of continuous text, in ten different passages,
of 1,000 sounds each, selected from different epochs of the literature. Note that since Brahmi
is really a syllabary where each consonant subsumes a, and where the other vowels shown in
the first column could be represented by ligatures on the consonants, the frequencies of these
vowels as separate letters in written text will be much lower. Since our objective, in this study,
is to determine what letters the most likely Indus signs could represent, and then validate
this on morphological grounds, we only indicate the most likely 10 consonants in decreasing
frequency:

t: rLyn mys, d: P, k.

The frequency of each one of these consonants is greater than 1.99 percent. The next most
frequent sounds are § (palatal sh) and s (lingual sh) with frequencies of 1.57 and 1.45 respec-
tively. It is conceivable that like Prakrit, early Indo-Aryan could have often substituted s for
§ and s. If this were to have been the case the total frequency of s could be close to that of ¢.

Assuming that the system of ligatures used for the Indus alphabet had not reached the per-
fection it shows in Brahmi, the vowels that may need to be taken into consideration are 4,:,u,e.
With the possible exception of &, the frequencies of these vowels in individual appearance is
likely to be lower than that of the ten consonants listed before, however.

Next we list the ten most common Indus signs (Table 3) from the concordances [7] or [8].
The counts include signs when they appear as components of ‘compound’ signs. The specific
frequencies have not been indicated since they can be misleading because the concordances list
multiple inscriptions and because the texts can hardly be representative of the Indus language.
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Sound Freq. Sound Fregq. Sound Freq.
a 19.78 k 1.99 th 0.58
a 8.19 kh 0.13 d 2.85
j 4,85 g 0.82 dh 0.83
j 1.19 gh 0.15 n 4.81
u 2.61 f 0.22 p 2.46
u 0.73 c 1.26 ph 0.03
r 0.74 ch 0.17 b 0.46
r 0.01 j 0.94 bh 1.27
1 0.01 jh 0.01 m 4.34
1 - n 0.35 y 4.25
e 2.84 t 0.26 r 5.05
ai 0.51 th 0.06 i 0.69
! 1.88 d 0.21 v 4.99
au 0.18 dh 0.03 § 1,57
th 0.63 n 1.03 s 1.45
h 1.31 t 6.65 s 3.56
h 1.07

Table 2. Frequencies of various sounds of the
Sanskrit alphabet (Source: Whitney [9]).

ANALYSIS OF DATA

Table 3 presents the ten most frequent Indus symbols so that even though the Indus texts
cannot be expected to yield reliable statistics, one would be reasonably sure to have included
many of the ten most likely symbols of the language. An examination of this Table shows a
clear morphological connection between the Indus signs and the ten most common consonants
of Brahmi. Further note that Lal has observed Chalcolithic-Megalithic intermediary forms of
3F (the most common Indus sign) such as AJS  and, therefore, it is comparable to the Brahmi
sign for sa.[3, p.73] The other similar sign is the ‘fish’ sign of Indus and ma of Brahmi, and
Indus has signs that look identical to the r¢ and va of Brahmi. Another case of similarity are
the Brahmi ta and the Indus ‘man’ signs.

If it is accepted that four signs have survived into Brahmi from Indus, the question of what
is the probability that this signifies a real connection arises. Similarity between signs could be
due to one of the three following reasons:
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Sanskrit

consonants

(decreasing freq) t,r,v,n,m vy, s, d, p, k
Brahmi J\,),ﬁ,-l—,b,l,-u,b,b,"'
Indus (Hunter [2]) A, ML %, QY P, LU
Indus (Kak [1]) ARSI (O SR W
Indus A :
(decreasing freq) [8] :U:,Q, ﬁ s E y f-ll ,@,W ’? >,?,\y

Table 3. The ten most common consonants in decreasing frequency.

1. The Brahmi letters have no connection whatsoever with the Indus signs, and any
perceived similarities are purely random arising owing to the simplicity of the shapes.

2. The Brahmi letters were devised by those who had seen the Indus inscriptions but
did not know how to read them. This would explain why the letters of the two
scripts would look greatly similar; but the sound values of the letters would have no
connection.

3. The Brahmi letters are derived from the Indus signs.

We investigate each of the cases now.

Cases 1 and 2

The problem here is to determine how two scripts can be found to be related. Note that
we have found that special subsets - the most frequent letters - of the two alphabets are
morphologically connected. Assuming that four letters are unchanged (for which different
evidence will be presented in the next sections), the probability of this happening by chance
for two scripts of size 33 (Brahmi consonants) and about 300 (Indus signs with obvious variants
and transformed signs not counted) is

29! x 296!
33!'x 300!
This probability is so small that the correspondence of Table 3 cannot be taken to be accidental.

0.1 x 10-12,
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Indus Brahmi Devanagari Indus Brahmi Devanagari
H =, H a “h Tia
HI a < ta
' i () tha
i ) r ga
L L u & gha
E a 1 pa
r ﬁ A ta
T O] tha
1 . °.¢ da
1 D dha
> e - | L na
/1\ — ai U U pa
T 1. 0 v, pha
+ au O O ba
: i T, o bha
h Q o] ma
+ ka Y L ya
?; , ) kha ) A { ra
pay nLND qa U, Y la
W gha \'i‘: (=] N b va
C na t 4 ga
D>< d ca ] sa
b cha 1F U , P sa
i, € ja lJ' ha
P jha
Table 4. Tentative identification of the Indus characters.
Case 3

The conclusion that there is no alternative to Case 3 is strengthened by the connection between
the Indus signs of Hunter, obtained using structural analysis and comparisons with other
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scripts, and Indus for the ten most frequent signs. There is an exact correspondence for four
signs. The connection between the Indus identification of [1] and the ten most frequent signs
of the script is even more striking, with five correspondences.

Consider now the letter frequencies for short Brahmi records in Sanskrit. If these records
were to represent ownership or epithets of kings, or sacred formulae, they would generally
terminate with the genitive case and sometimes with the dative case. This was true of the
Brahmi seals. The letter frequencies would now change somewhat with s, m, ai becoming
more probable since s and m are associated with the genitive singular and plural respectively;
and ai is associated with the dative case-endings. This implies that s and m may be the most
likely consonants in such brief Brahmi records. It is noteworthy to see that these are precisely
the two most likely Indus signs. Not only does this indicate an Indus-Brahmi continuity, but
also a connection in the underlying languages.

FURTHER SIGN IDENTIFICATION

Given that the frequency of all the s signs of Brahmi is next to that of ¢, the six most likely
Brahmi consonants then become ¢, s, r, v, n, m, and we observe that four of these correspond
to the signs amongst the six most frequent Indus signs. This increases our confidence in the
identification of s, v, m, and suggests that the ‘man’ sign could be 2. Also the sign for y may
be the “arrow with the triangle head” that had been identified as ai in [1]. This is because
Indo-Aryan languages often substitute ai for y and also because the ‘triangle/arrow’ sign is
amongst the most frequent in the Indus script. Of course, all sign identifications will remain
tentative till the script is fully deciphered. Nonetheless, as the analysis proceeds, one needs to
weigh evidence from different lines of attack to constantly refine ones assumptions. At present
we will keep both y and ai as possible readings of the ‘triangle/arrow’ sign. Also the Brahmi
p and the Indus U look related. Perhaps the Indus p is U and U represents a common
ligature such as pu or pre.

Table 4 presents Indus signs whose relationship with the corresponding Brahmi signs is
supported by Sumerian parallels or by frequency considerations. One may thus place some
confidence in this identification at this stage of decipherment.

CASE-ENDINGS

The case-endings of the Indus inscriptions have been analyzed by Hunter, Parpola, and Mitchi-
ner. Table 5 presents a list of these case endings, that we have grouped under two categories.
Figure 3 shows how these case-endings are defined.

The terminal sign 1 of Table 5 was shown by Hunter to represent an open syllable, and that
it is an affix or suffix rather than a determinative. Most scholars take it to be the ending of the
genitive case. Mitchiner argues that it should represent the genitive singular case-ending. The
optional form U €F was shown by Hunter to represent the ‘spelling-out’ of the sign 1F

The second main terminal sign 4 performs a task different to that of F , as can be
seen by the mutually exclusive nature of sign groups that precede them. It was suggested by
Parpola that this sign could represent a form of dative case-suffix and this suggestion has been
widely accepted.
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Genitive case-endings Dative case-endings

1.  AF -sa 15. 7 -ya(-ai)

Y s 6. E4 ~ya.ja(-ai.ja)
E a9 -sa.ja 17. ‘(\‘E -jaya(-ja.ai)
4. :\‘f’ﬂ'_'f, -'-Ulif -vowel vari-

ants of sa

N
.

w
.

m

. E:U-'U -s.sa.ja
AFE  -jaesa

7. é;/[% -sam

4 4F ~sat(-sa.am)
. ¥ -am

10. 533 F -sa.am

1. Egh  -sanda

12. EAR -ta. ja(-am. ja)

13. Em -am. ja
14. Fﬁ -yam (-ai,am)

(=]
.

@

Table 5. Case-endings of Indus.
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Table 5 presents hypothetical values of the case-endings. Except for the case-ending number
7 and related signs, the values are supported by the relation with Brahmi signs. Note that these
are essentially the same as proposed by Mitchiner. Wherever there is a difference, Mitchiner’s
values are shown in brackets. These case-endings are in consonance with the Indus language
being an early Indo-Aryan. For a quick reference of the case-endings of Sanskrit, one may
consult Whitney.[9]

To repeat Mitchiner’s argument [3] as to why the case-endings rule out other languages:
The indicator of genitive singular in Sumerian is -ak, in Elamite -na, in Dravidian -a or -in.

That the case-endings appear appropriate for an Indo-Aryan language further validates the
sound values assigned to the Indus signs in the endings, especially because these signs look
strikingly similar to the corresponding Brahmi letters. The probability of this happening by
chance would be even lower than the number in Section 3. Also note that the archaeological
evidence now supports the hypothesis of the presence of the Aryan people in the Indus area
during the period of the Indus civilization.[6]

Furthermore, the charge of circularity that could have been leveled at Mitchiner’s original
study of case-endings is no longer valid. It cannot be now said that arbitrary values to case-
endings have been assigned to support the Indo-Aryan theory. The assignment has been guided
by comparing the frequencies of the most common signs.

THE COMMON COMBINATIONS

The most frequent pairwise combinations of the Indus signs are shown in Figure 3. The data
has been taken from the Mahadevan Concordance.[8] The frequency of a pair has been shown
at the corresponding link. Figure 3a shows all pairs that occur more than 40 times, and Figure
3b shows all pairs that occur more than 20 times. These figures allow us to see the common
case endings, as well as the most frequently occurring sign combinations graphically. Note that
we can examine combinations that are more than 2 signs long.

An examination of Figure 3 reveals that the most frequent links are between what are
clearly basic signs. As the frequencies decrease the signs that come into play are increasingly
compound and some are (perhaps) polysyllabic words. This implies that syllabic representation
in Indus is not as systematic as in Brahmi.

As to the Indus language, it is clear that words are constructed using a system of prefixes
and suffixes, a process that occurs in Indo-Aryan languages as well.

It might be said that the graphs of Figure 2 have excessive directional structure for the
signs to represent a syllabary. Two arguments may be made against this view. First, as new
graphs are made where the number of pairs is much less than 20, the directionality reduces
greatly. Secondly, the structural characteristics of graphs such as in Figure 3 cannot represent
the structure of the underlying language since the length of the inscriptions is so short. Note
also that many compound signs of the Indus script are words. Also, as true for later Brahmi
records, many signs are abbreviations for commonly occurring words. The evidence does not

rule out a core group of Indus signs representing a syllabary.
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5

NI

291

Figure 3a. Indus signs with more than 40 pairwise appearances.
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Figure 3b. Indus signs with more than 20 pairwise appearances.
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NUMERALS

Consider numerals now. Frequency considerations suggest that {J should be the symbol
for the number 5. This is seen in Figure 3b which shows that there is large probability that
U will appear together with symbols for 2, 3, and 4. The frequency of U with 1is 7
and with itself is 10 which do not, therefore, show up in Figure 3b. Presumably, the lower
frequency for Ul is because 6 is also written as six vertical strokes. It also appears that 10 is
represented both as UU as well as one of the other signs. The identification of { as 5 means
that Mitchiner’s assumption that it might stand for 100 is invalid.

It is noteworthy that the later Nagari sign for 5 is this \J  with a stylized tail added to
it. Also Brahmi pa is U , which looks very close to this sign. Note further that the symbol
for 5 in Brahmi comes from the first syllable of panca. The fact that the same symbol was
used by the Harappans indicates that their word for 5 started with pa as well. This is further
evidence against the theory of Dravidian origin of the Indus language since 5 in Tamil is aindu,
in Telegu aidu. It reinforces our identification of the Indus language as being Indo-Aryan.

CONCLUSIONS

The frequency analysis of the most common Brahmi and Indus signs confirms the hypothesis
that the two scripts are related. The case-ending evidence suggests that the language of the
inscriptions is Indo-Aryan. The inference that the language is Indo-Aryan is strengthened by
the observation that the words that follow the formulae "¢ , "@ , which Hunter has
argued should be proper names, indeed read as plausible Indo-Aryan names at several places.

But an analysis of the case-endings alone has its limitations. It cannot, by itself, establish
conclusively that the language is Indo-Aryan. That will have to await a full decipherment of
the Indus texts. In any event, the demonstration that Brahmi is derived from Indus, and the
indubitable relationship between Brahmi and the Phoenician script indicates that the theories
of the rise of early writing systems require a complete revision.
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