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Data and Decipherment:

Computational Approaches to Indus Writing

Dr. Sitabhra Sinba and Dr. Md Izhar Ashraf
Computational Epigraphy Lab (iCEL)
The Institute of Mathematical Sciences, Chennat

A race of hyperintelligent pan-dimensional beings once built themselves a
gigantic supercomputer called Deep Thought to calculate once and for all the
Answer to the Ultimate Question of Life, the Universe, and Everything.

For seven and a half million years, Deep Thought computed and calculated,
and in the end announced that the answer was in fact Forty-two and so
another, even bigger, computer had to be built to find out what the actual

question was.”

-Douglas Adams, The Hitchhiker’s Guide to the Galaxy series

Among the remarkable changes that the world has seen over the (little more
than a) century following the announcement in 1924 of the discovery of
the Indus Valley Civilization [Marshall 1924], probably the most relevant
from the perspective of the authors is the Information Revolution.
This phenomenon, which is still ongoing, came about as a result of
the development — and mass adoption — of the digital computer, and
subsequently, the ability to rapidly communicate and share information
worldwide made possible by the internet. Even more remarkably, the recent
advances in creating Large Language Models (LLMs) has transformed and
challenged the traditional models of education and research, even if one
accepts that general purpose machine intelligence could be some way off.
Given their impact on society in general, it’s no surprise that such software
have been touted as a “magic bullet” for solving the Indus Puzzle, viz.,
deciphering the inscriptions that have been excavated in the sites associated
with the mature phase of the Indus Valley Civilization (IVC, 2600-1900

BCE). So, is the solution of the puzzle just around the corner?

The lack of any knowledge about both the nature of the writing system, as
well as, the possible language or languages that could have been expressed
using the symbols, have foiled the hundreds of attempts that have been
made to decipher the inscriptions ever since Marshall’s announcement of

the existence of a “pictographic language” on the Indus artefacts. The large
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number of distinct symbols — between four hundred to eight hundred, depending on how one
identifies allographs — have suggested to many serious scholars that it was likely to have been
a logo-syllabic script. An example of such a system is the cuneiform script used for writing
Sumerian in the city-states of Mesopotamia. Note that the people of Indus civilization had
trade connections with the Sumerians as attested by archaeological discoveries in Sumerian

sites of artefacts characteristic of the Indus Valley Civilization, such as seals, beads and pottery.

Nevertheless, it has not prevented assertions that the inscriptions are written using an
alphabetic system. Alphabets typically use about thirty symbols (the Glagolitic script, the
oldest known Slavic alphabet, at one time had 41 distinct letters, which is possibly the largest
among true alphabets — i.c., alphabets that explicitly represent both vowels and consonants
using distinct symbols, in contrast to consonantal scripts or abjads where letters represent
consonants with vowel sounds implied, and alpha-syllabaries or abugidas where consonant-
vowel combinations are represented using distinct graphemes with the vowel modifier

typically indicated by diacritics).

Thus, such claims often go to absurd lengths to demonstrate that the hundreds of distinct
graphemes in the Indus inscriptions are somehow reducible to combinations of just a few
dozen symbols. While, in principle, it’s possible that elements of the Indus signary could have
been used to write phonetically, as is the case for Egyptian hieroglyphic writing, especially
for rendering names that are foreign to the primary users of the script and hence cannot be
rendered using logograms — very often such attempts culminate in reading the inscriptions
in languages that were present only after the end of the IVC. One of the authors has had the
dubious pleasure of being asked to review for a scholarly journal a manuscript that seriously
proposed a reading for Indus inscriptions that jumped between four different Southern Indian
languages of the present day, while others have claimed to have read the inscriptions as Sanskrit
(the earliest form of which, Vedic Sanskrit, can be dated only as far back as 1500 BCE).

Returning to the theme with which we began, the past few years have already seen several
attempts to use “Artificial Intelligence” (AI) to achieve success in an endeavour that humans
have so far failed in. Unfortunately, the combination of algorithmic routines that are highly
prone to hallucinations (repeatedly giving outputs of made-up “facts”) and the natural
imbecility of humans who arrogantly believe that they can solve a problem without having
the slightest knowledge of the origin and evolution of different types of writing systems, has
only resulted in an accelerated pace with which new claims of decipherments of the Indus
inscriptions are being made. The great confidence with which some have asserted that Al is a
game-changer for solving the Indus puzzle is somewhat reminiscent of an episode from Douglas
Adams’ The Hitchhiker’s Guide to the Galaxy series (see the opening quote of this article):
the most powerful computer ever to be built is asked the question of “Life, the Universe and
Everything” and after processing information for an extremely long time, gives the answer “42”.
The absurdity of the answer of course, arises from the fact that the answer does not make sense
without a good understanding of the context of the question that it is the answer to. We would
like to argue that much of the effort in applying computational methods to try deciphering the
Indus inscriptions may give rise to similar non-sensical results, if these exercises are carried out

without any appreciation of why the problem has resisted attempts to solving it for so long.
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It is sobering to realize that despite a hundred years’ worth of effort, the actual confirmed
knowledge about the Indus inscriptions has not moved all that much beyond what was stated
in the observations made by Marshall in his 1924 article about the “seals... inscribed with
legends in an unknown pictographic script” [Marshall 1924]. Among the “points ...worthy of
remark” on the “strange pictographs which do duty for letters”, Marshall had suggested quite
intriguingly that “the marks... attached to many of the pictographs” were “apparently vowel
signs”. We are unsure on what basis Marshall stated this, but it could be that he had in mind
the method of using diacritics to indicate the vowel used to modify consonants in Indic scripts,
even though he went on to say that the signs “bear no resemblance whatever to any ancient

Indian alphabet”.

It is also possible that Marshall was hinting at the use of signs as phonetic markers or
determinatives (to indicate the specific meaning) for a logogram that could not be uniquely
interpreted otherwise. If this interpretation is correct, it could be quite prescient, as such
use of signs to modify logograms have been seen in all the ancient writing systems of the Old
World, including Sumerian cuneiform, Egyptian hieroglyphs and Chinese writing. Marshall
also mentions a possibility that the civilization originated “further west”, possibly meaning
Elam, and as a supporting argument states that “there are linguistic reasons for believing that
it was by way of Baluchistan that the Dravidian races... entered India”. Note that the relation
suggested here between ancient Elam and Dravidian predates by almost half a century the
Elamo-Dravidian hypothesis proposed by David McAlpin in the 1970s [Renfrew 1989]. In
fact, the resemblance of the Indus seals to Proto-Elamite tablets were pointed out within a
week of publication of Marshall’s article by the British linguist Archibald Sayce, the author of
the first grammar of Assyrian in English [Sayce 1924], and the week after that by Cyril Gadd
and Sidney Smith, both pioneers of Mesopotamian studies in the United Kingdom [Gadd
1924] in the pages of the same magazine.

Even more humbling is a study of the Indus inscriptions by G R Hunter that was submitted to
the University of Oxford for the degree of Doctor of Philosophy in 1929 and that was published
as a book a few years later [Hunter 1934]. It contains the first ever concordance compiled from
all the known inscriptions at the time and remained the only corpus in existence till Mahadevan

created a digital database in the 1970s.

Many of the conclusions drawn by Hunter based on painstaking manual analysis of the
inscriptions, e.g., that most of the inscriptions were written from right to left, or that the
patterns of sign co-occurrences of the seals have distinct characteristics, with those found in
South Asia differing significantly from those found in West Asia, have later been supported
by computerized analysis of sequence statistics performed on much larger corpora [Rao
2009, Ashraf 2018]. Given these insights obtained from an intense analysis of the structure
of the inscriptions, some have gone to argue that the discovery of bi--lingual or multi-lingual
inscriptions with Indus signs occurring in one of them, is all that is needed to decipher the
script. Such an object(s), it is argued, will play the same role as the Rosetta stone in deciphering
Egyptian hieroglyphs. Named after the town of Rashid or Rosetta in Egypt, where it was
discovered in 1799 by Napoleon’s army, the Rosetta stone is a stele inscribed with three

versions of a decree, one in hieroglyphic, another in demotic and the third in Greek that was
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inscribed in 196 BCE during the Ptolemaic dynasty of Egypt. As Greek was a known language,
the stone proved instrumental in allowing Young and Champollion to make breakthroughs in

deciphering ancient Egyptian writing.

Unfortunately, in the case of the Indus inscriptions, just the discovery of multi-lingual
inscriptions is unlikely to be sufficient in enabling their reading. What is often missed in
accounts of the Rosetta stone is that even after its discovery, it took more than two decades of
work before hieroglyphics could be deciphered. This is because it is crucial to have a correct
idea of the language of the script (which Champollion correctly surmised must be related to
Coptic, the liturgical language used in Egyptian churches) that we are trying to decipher. To
demonstrate this, we show in Figure 1, a bilingual inscription written in English and Chinese
(Mandarin). In the absence of any knowledge of the Chinese language, the reader would be
hard put to link the graphemes of the two inscriptions and thus, will be unable to “decipher”
Chinese. As Michael Coe points out, while giving the specific example of Etruscan, whose
writing system is known while the language is unknown, “No script has ever been broken,
that is, actually translated, unless the language itself is known and understood” [Coe 2012].
The problem is compounded when the nature of the writing systems used for writing the
different scripts in a multi-lingual inscription are different. For example, of the two scripts
shown in Figure 1, English is a pure alphabet while Chinese is an ideographic system,
making any mapping between segments of the two inscriptions based on their relative length

quite problematic.

In fact, even if the two scripts had both been alphabetic, we would have to correctly infer the
possible language which the unknown alphabetic system has been used to write — so as to be
able to assign sound values. A toy example can be shown using a well-known work of fiction,
viz., The Adventure of the Dancing Men, written in 1903 by Arthur Conan Doyle, in which
a gentleman seeks the aid of Sherlock Holmes in figuring out why (what he believes to be) a
series of childish stick-figure drawings (Figure 2) is terrifying his American wife, Elsie. As Elsie
refuses to explain the reason for her reaction to these figures, Sherlock Holmes has to solve the

mystery by working out the meaning of the various sequences of stick figures.

Holmes is able to deduce that the figures represent a substitution cipher and is able to read
the messages by assuming it to be in English and then mapping the different stick figures to
their sound values through a combination of frequency analysis (e.g., the most frequently
occurring stick figure is likely to represent “e”, the commonest letter in the English alphabet)
and completing partially reconstructed words to express known proper names such as “Elsie”.
While it may seem that Holmes was rather lucky in being able to decrypt the messages from a
relatively small number of samples, one should note that in recent times, Markov Chain Monte

Carlo (MCMC) method has been used to break such ciphers rapidly from small samples by

efficiently searching the space of all possible solutions for the most likely plain text message.

While deciphering inscriptions rendered in an extinct writing system is quite different from
trying to decrypt an encoded message, it may be instructive to note that similar frequency-
based techniques were sought to be employed in actual decipherment exercises — most notably,

by James Prinsep (see Figure 3) in his eventually successful bid to decipher Asokan Brahmi
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inscriptions. In principle, one can conceive of a situation in which, faced with what one believes
to be an alphabetic system, the underlying language can be correctly guessed and for which
there is a reasonably large number of written texts so that the frequency distribution of various

sounds can be robustly inferred.

In such a scenario, it is plausible that the MCMC method can map the graphemes of the
unknown alphabet to their appropriate sound values. Thus, had Brahmi still been undeciphered
today, an inspired guess that the inscriptions could be in Pali Prakrit could have been sufficient
to be able to decipher Brahmi, provided a sufficiently large Pali corpus was already available.
However, a note of caution is in order here. Brahmi, like the Indic writing systems that followed
it, is an alphasyllabary rather than a pure alphabet, and thus the number of distinct graphemes,
that comprise both pure consonants as well as various consonant-consonant and consonant-
vowel combinations (and occasionally, consonant-consonant-vowel, as well as, consonant-

consonant-consonant conjuncts) can be as many as a couple of hundreds.

The size of data sets required to robustly infer the frequency values for such a large number of
signs would correspondingly need to be quite large — unless one is able, like Prinsep, to work out
the marks made on a consonantal sign to indicate each of the vowel inflections. The situation
would naturally be compounded in the case of a logo-syllabic script with its many hundreds of
distinct graphemes. Thus, it is crucial that any attempt at deciphering Indus inscriptions first

correctly infer the underlying language, in order to be able to make any progress in reading it.

As should be evident by now, we strongly believe that a brute force approach to using
computational tools to decipher scripts is bound to fail without an appreciation of the possible
varieties of writing systems — that have both phonographic and logographic aspects (see Figure

4) — and their corresponding features.

This is particularly the case when occasionally claims are made about the Indus inscriptions not
being writing at all. While non-linguistic sequences certainly do occur, some of them (such as
musical scores) can only arise in cultures that are deeply steeped in the tradition of writing so
that the concept of representing speech visually can be abstracted to the point where even sounds
without an articulated meaning (such as in music) can be symbolically represented on paper.
Furthermore, while it is probably impossible to prove that a set of inscriptions is writing without
actually deciphering them, if there is evidence of structural organization in such symbolic
sequences — such as the occurrence of clusters of signs that are seen to occur frequently as sub-
sequences in longer inscriptions — then its interpretation as some form of writing would seem to
be the simplest hypothesis in the sense of requiring the least number of additional assumptions
(the Occam’s razor principle). After all, “peoples around the world on similar levels of cultural
complexity have come up with extraordinarily similar institutional responses when faced with
similar problems — for example, the invention of hieroglyphic writing systems as an answer to

the needs of nascent political states” [Coe 2012].

Thus, the archaeological evidence of a complex society with extensive trading networks, that
would have required some form of long-distance communication robust to noise and the
means to reliably keep accounts and store records, suggests that the weight of evidence favours

the Indus inscriptions to be some form of writing.
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Atthe Computational Epigraphy Lab (iCEL) in the Institute of Mathematical Sciences (IMSc),
Chennai, we have embarked on a program of data analytics-based approach to understanding
writing systems in general, with a special focus on the Indus script. Using initially the corpus
compiled by Iravatham Mahadevan, and subsequently the corpus curated by Bryan Wells (the
early version of which was in fact compiled at IMSc when Dr. Wells was a postdoctoral fellow
there), we have compared the features of the Indus writing system with other systems around
the world, both ancient and modern. One of the most promising techniques developed is the
unsupervised segmentation of linguistic sequences based on sign co-occurrence statistics. In
early work [Sinha 2011] we had used sign pair statistics, identifying signs that occur together
much more often than would be expected had they occurred next to each other only by chance
(e.g., given their individual occurrence probability in the corpus). This allowed us to merge
sign clusters into larger and larger meta-symbols representing multiple co-occurring signs.
Once it reduces the entire string to a single meta-symbol,- we invert the sequence to obtain the
segmentation tree for the sequence, allowing us to see if the sequence (let’s call it the “sentence”)
is built out of several sub-sequences (in this context, “words”). In subsequent work [Ashraf

2019], we have extended the analysis to include correlations that go beyond just a pair of signs.

By considering the most frequently occurring statistically significant sign clusters, and arranging
them so as to align the sequences with the cluster functioning as the anchor (see Figure 5), we
see that many of the Indus inscriptions are composed of relatively independent segments. By
lining up these segments below one another, we can identify related graphemes that are linked
to each other in terms of occurring in the same or similar contexts. An example is shown in
Figure S, where we see that two graphemes (lozenge in an oval and lozenge in a diamond) that
are considered to be identical in the Mahadevan sign list but that are considered to be distinct by
Bryan Wells, are most likely just allographs. By coupling such results with other features of the
artefacts, such as their place of discovery, the material on which they are inscribed, etc. it may be

possible to identify certain semantic correlates of the sign clusters.

We are currently in the process of constructing a database of 3-dimensional representations of
the Indus artefacts in which these inscriptions appear, to provide material context that was so
far absent from the data. We hope that the occasion of the centenary of the announcement of
the discovery of the Indus Valley Civilization will enable stakeholders across India and around
the world, who are working on different pieces of the Indus puzzle to come together in creating
a digital data platform that will make the Indus inscriptions freely available online — along with
their entire associated material spectrum — providing much needed context. Only by ensuring
unimpeded access to the original source material to the public at large can we ensure that the

next breakthrough will occur sooner rather than later.
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LAEEBARREHER TALIHWAR PR ERENANRIFATETT;

Preamble

Whereas recognition of the inherent dignity and of the equal and inalienable rights of all members of the human family is
the foundation of freedom, justice and peace in the world,

Whereas disregard and contempt for human rights have resulted in barbarous acts which have outraged the conscience
of mankind, and the advent of a world in which human beings shall enjoy freedom of speech and belief and freedom from
fear and want has been proclaimed as the highest aspiration of the common people,

Whereas it is essential, if man is not to be compelled to have recourse,as a last resort, to rebellion against tyranny and
oppression, that human rights should be protected by the rule of law,

Whereas it is essential to promote the development of friendly relations between nations,

Whereas the peoples of the United Nations have in the Charter reaffirmed their faith in fundamental human rights, in
the dignity and worth of the human person and in the equal rights of men and women and have determined to promote
social progress and better standards of life in larger freedom,

Whereas Member States have pledged themselves to achieve,in co-operation with the United Nations, the promotion of
universal respectfor and observance of human rights and fundamental freedoms,

Whereas a common understanding of these rights and freedoms is of the greatest importance for the full realization of
this pledge,

Now, therefore,

The General Assembly,

Proclaims this Universal Declaration of Human Rights as a common standard of achievement for all peoples and all
nations, to the end that every individual and every organ of society, keeping this Declaration constantly in mind, shall
strive by teaching and education to promote respect for these rights and freedoms and by progressive measures, national
and international, to secure their universal and effective recognition and observance,both among the peoples of Member
States themselves and among the peoples of territories under their jurisdiction.

Fig. 1: An example of a bilingual set of inscriptions from the modern era, viz., the preamble of the Universal
Declaration of Human Rights proclaimed by the United Nations General Assembly in Paris on 10 December
1948. The English text on top has been retrieved from the website of the United Nations (www.un.org) on
August 8, 2025, while its Chinese (Mandarin) translation at the bottom bas been retrieved on the same day
from the website of the United Nations Human Rights Office of the High Commissioner (www.obchr.org).
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Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

129092011800 500

PR IR T

Criminal’s third message

AIZN XEETX

Elsie’s response
oo X
Criminal’s final message

LA CIDIID WV PSP E

Sherlock Holmes message to the criminal

AR 13X 1 A58

Fig. 2: The messages written using a substitution cipher in the Sherlock Holmes short story
“The Adventure of the Dancing Men” (1903) by Arthur Conan Doyle. Holmes decrypts

the message by guessing that the underlying langunage is English and then using knowledge

of relative frequencies of letters in English texts, along with the intuition that some of the
“words” spell out proper nouns corrvesponding to certain names of people and places associated

with the events.
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Fig. 3: Prinsep’s frequency chart of graphemes occurring in the Allahabad Pillar inscription.
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Fig. 4: All writing systems lie between the extremes of pure phonography (left) and pure
logography (right) [figure modified from Robinson 2002]. Although Finnish, French and
English all use pure alphabets, their differing rules of orthography makes it possible to reproduce
the sounds of spoken Finnish relatively unambiguously from its written form compared to
French, and even more so than English. Japanese is written using a mixed system that uses
syllabic (kana) and alphabetic (romanji) elements in addition to logograms (Kanji characters
that are borrowed from Chinese), and are thus more phonographic in nature compared to
Chinese. Examples of specialized writing such as the International Phonetic Alphabet (IPA) and
non-linguistic systems such as musical notation or international signage, are also shown. The
case of the signage used by Dabbawalas (transporters of food from home to office — and back —

in the city of Mumbai) can be considered to be writing used as a mnemonic device in that it uses

letters and numerals (and also different colors) to indicate the end locations and way stations.
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Fig. 5: A tabular arrangement for aligning sequences having in common a four-sign cluster of
graphemes (“anchor sequence’, shown enclosed in a blue cartouche) that co-occur more frequently
than is possible by chance, and hence must be an unit conveying meaning. This is supported by
the fact that the cluster can occur independently as a sequence (3rd row). The other graphemes
in the sequences can also occur together much more often than randomly. Such statistically
significant sign clusters ave enclosed in the red cartouches. Note that two signs (viz., lozenge
inside an oval in the 6th row, and lozenge inside a diamond in the 7th row) occur in identical
positions relative to the anchor sequence. Moreover, their close resemblance to each other, suggests
they are allographs, i.e., stylistic variants of the same grapheme. Sequence photographs (cropped
from the corresponding seal images), identified by their CISI id numbers, are from Parpola
1987 and Shah 1991. The three inscriptions not having CISI id are from Wells 2015.
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