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“The practice of writing and the development of a

coherent system of signs, a script, is something
which is seen only in complex societies ….

.… Writing is a feature of civilizations.”

-- Colin Renfrew

(Archaeology and Language, 1987)
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Culture as a Complex system 

A  culture can be envisaged as a complex system for a 
variety of reasons:

 It is large and self-organising.

 It is multi-parameterised.

 Each parameter has certain self driven and group 
behaviour and the system evolution is a mix of these 
parameters.
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Courtesy: Harappa.com
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Source: http://pubweb.cc.u-tokai.ac.jp/indus/english/map.html
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Indus Valley 
Civilization

(2600 -1900 BC)

Timeline of Indus Valley Civilization 

The Indus valley civilization had the following timeline:

 Roots of civilization are found in Mehrgarh around 
7,000 BC.

 It went through a major expansion from 4,500 BC to 

about 3,200 BC.

 It evolved into an urban civilization around 2,600 BC.

 It decayed and disappeared between 1,900 BC and 

1,300 BC.
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Present talk
In the present talk, we will discuss the following aspects of

the Indus valley civilisation (IVC)

 Structure and context of IVC 

 Complexity of city architecture

 Complexity of its artistic expressions

 Complexity of its script
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Town Planning: Grid-like Layout of Mohenjo-Daro

Citadel

Great Bath

Courtesy: Harappa.com
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IVC Pottery
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Courtesy: Harappa.com

Figurines & Toys
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Exquisite Jewellery pieces
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Standardised Weights
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Smallest weight: 0.856 g
Most commonly found weight: 13.7 g (16 times 0.856 g) 

3000: 1600:  300: 200: 150: 60: 32: 16: 8: 4: 2: 1 Courtesy: Harappa.com

Courtesy: Harappa.com

Indus Valley Seals
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Spread of Indus Culture Trade (c. 3300 - 1900 BC) 

Courtesy: Harappa.com
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Defining Characteristics
These are: 
 Seals, sealings with human or animal motifs and script
 Black – on – red pottery with design

 Long parallel – sided chert blades

 Beads of carnelian, steatite and faience

 Weights of agate
 Objects of copper and bronze

 Terracotta toys and goddess figurines

 Characteristic burials styles
 Citadels, platforms for houses

 Cotton, barley and wheat

 Sophisticated water and waste management system
 Standard brick size

Indus Valley Civilization & its Writing 19

Joshi (2008)

General Comments
 Any civilisation as complex as this, may be assumed to have the 

following:
 Commonly agreed principles of record keeping including calendar, 

writing, numeric systems etc.
 Standardised trade practices including weights, currencies or barter 

agreements for packaging and transport.
 Inter-affected art and cultural growth.
 Similarity in civic practices, social behaviour and norms.
 Agreed protocols on different habitations between urban and rural 

sites.

 In principle, they should also have common religious practices but 
we can only make conjectures about this. 

 Some centralised authority that can impose its will and discipline 
by force – something that is conspicuous by its ABSENCE in IVC.

Indus Valley Civilization & its Writing 20

Parameterisation of IVC

Stages Scales (1 to 4, with 4 being the best)

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Total

Hunter Gatherer 0 1 1 2 0 0 0 2 1 1 8

Semi-nomadic 0 2 2 2 1 1 1 2 1 2 14

Settled 1 3 3 3 2 2 1 3 2 3 23

Urban 3 4 4 4 4 3 3 4 4 4 37

Post Urban 1 3 3 2 2 2 2 2 2 2 21

2nd Urbanisation 4 4 4 4 4 3 4 4 4 4 39

21

BASED ON THE WORK OF MURDOCK AND PROVOST (1973)
Scale 1: Writing and Records; Scale 4: Urbanization; Scale 7: Money; 
Scale 2: Fixity of Residence;           Scale 5: Tech. Specialisation; Scale 8: Density of Population; 
Scale 3: Agriculture; Scale 6: Land  Transport; Scale 9: Level  of Integration; 
Scale 10: Social Stratification
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Vahia and Yadav, 2010, in preparation WE ASSUME THAT THE EVOLUTION IS CONTINUOUS

AND MONOTONIC

This could have been a result of 
any or all of the following:

1) Demographic pressure.

2) Sudden change in 
environment.

3) Failure to come up with new 

technology or ideology for 

reorganisation and 
improvement of quality of life.

Potential

Actual

At Saturation:
1) Demographic pressure is maximum

2) Resource availability is maximum

3) Demand on available technology is 

maximum

Some Conclusions
 IVC was a complex, multifaceted civilization.

 The coexistence of urban and rural lifestyles in a symbiotic manner 
was an important feature of the civilisation.

 Absence of grandiose structures and large standing army suggest 
that the civilisation was more like a Greek Poleis (but 2000 years 
before them) and not like the Egyptian or West Asian civilisations.

 Their social organisation and internal dynamics including 
stratification and interrelation between various groups was 
unique. 

Indus Valley Civilization & its Writing 23
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Great Bath at Mohenjodaro

Length: 12 m, Width: 7 m, Depth: 2.4 m Indus Valley Civilization & its Writing 26

Streets of Mohenjodaro
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The so-called Granary at Harappa
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Water Management System

Courtesy: Harappa.com
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Dholavira: An epitome of Indus Architecture

North Gate to Citadel at Dholavira

Dholavira: A City Built of Stones
Citadel                      Upper Town Lower Town

30Indus Valley Civilization & its Writing
Courtesy: Harappa.com
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Map of Dholavira

617 m x 711 m

N

DAM

DAM

Mansar river

Manhar river

~100 m
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A Water Reservoir at Dholavira
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79 m

42 m

9 m

Largest Water Reservoir at Dholavira
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Corridor inside Dholavira Citadel

Complexity of Architecture
 Indoor water closets and bathing facilities.

 Standardised brick usage with aesthetically designed 
structures.

 Several hundred meter long straight and orthogonal 
streets with all entries to houses that do not open in the 
main street.

 Long, gravity assisted water and drainage systems.

 Deep brick laid wells.

Indus Valley Civilization & its Writing 35
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Indus Valley Civilization & its Writing

Scale of a Typical Seal

Photographs by Jatin Acharya

In most cases, seals are between 2.5 to 5 square cm in size.

37 Indus  Valley Civilization & its  Writing

Components of Indus Seals
1. Script (42.30%)

2. Animal Motif (22.26%)

3. Manger (14.23%)

4. Crude (10.51%) 

5. Geometry (4.55%)

6. Abstract (1.70%)

7. Scene (1.30%)

8. Human figures (1.07%)

9. Plant motif (1.01%)

10. Mythical figure (0.46%)

11. Composite animal (0.45%)

12. Multi-headed animal (0.18%)

Same object can have more than one 
of these basic components.

Analysis based on CISI Volumes 1 & 2, Yadav & Vahia (Submitted)

5 cm

5 cm

38

Some Interesting Components

CISI, www.harappa.com
Indus Valley Civilization & its Writing

3.0  cm 4.0 cm 

3.2  cm 

Courtesy: Prof. John Huntington
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Some more patterns…

2.0 cm 

Same 
object 
opposite 
sides

3.3 cm X 1.5cm  

3.5 cm 

2.7 cm  

3.4 cm 

Courtesy: CISI, Harappa.com

Relatively to scale

40

Q

Emphasis on Symmetry!

413.5 cm

2.4 cm 

1.9 cm

2.0 cm

3.2  cm 

2 fold symmetry 7 fold symmetry

5 fold symmetry
Mirror symmetry

Indus Valley Civilization & its Writing

4 fold symmetry

Geometric Seals: Pattern fitting

42

Basic Pattern

2 cm

2 cm 3 .2 cm

Basic Pattern

Size : 4.2 cm X 4.8 cm

Basic Pattern

Courtesy: CISI, Harappa.com
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“At their very best, it would be no exaggeration to 

describe them as little masterpieces of controlled 

realism, with a monumental strength in one sense 

out of all proportion to their size and in another 

entirely related to it.”

-- Wheeler, 1968

Indus Valley Civilization & its Writing 43

Role of Writing in Ancient Cultures

 Writing allowed literate elites to

 store records

 keep a track of time

 facilitate communication over short and long distances

 express superiority and power 

 The ambiguity associated with the context and usage of Indus 
signs has made the problem of Indus writing system even more 
challenging!

Indus Valley Civilization & its Writing 46

What adds to the challenge?

 Very short and brief texts –

 average number of signs is 5. 

 longest single line text: 14 signs

 longest text: 26 signs running in 

3 distinct lines.

 Language(s) underneath (if any) is unknown.

 Lack of bilingual texts.

Indus Valley Civilization & its Writing

Longest single line text

47

N
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Ancient Egyptian 
(Hieroglyph)

Demotic

Greek

Rosetta Stone

No Rosetta stone 
for Indus script yet!

Source: Wikipedia

48
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Indus Writing on Various Objects
Seals (62.16%) & Sealing (19.31%)   

Copper  Tablet (5.37%)

Ivory sticks (0.78%)

Pottery Graffiti (2.10%)

Miniature Tablets ( 9.43%) 

www.harappa.com, Parpola (1992)Indus  Valley Civilization & its  Writing 49

Dholavira Sign Board 

Indus Valley Civilization & its Writing
Source:  pubweb.cc.u-tokai.ac.jp/indus/english/2_4_03.html

50

Sign Board

The sign list of Indus script consists of

about 400 to 700 signs which look like

human, fish etc.

Indus Valley Civilization & its Writing 51

Indus Script Datasets

Indus Valley Civilization & its Writing
52

Database
Mahadevan

(1977)
Parpola
(1979)

Wells
(2006)

No. of texts 3573 3700 3835

No. of signs 417 398 676

Total sign 
occurrences

13,772 ~ 14,800 17,427

We use Mahadevan’s concordance for analysis.

S. No Type of

Scripts

Type of 

Signs

No. of

Signs 

Examples

1. Logographic Word-signs Thousands Chinese

2. Logo-syllabic Word-signs &

Phonetic syllables

900-400 Sumerian, Egyptian

3. Syllabic (a) Closed & Open

syllables

(b)  Open syllables

200-100

100-40

Elamite, Cuneiform

Linear B, Old Persian

4. Alphabetic Single-sound signs Below 40 Semitic, Greek, Latin

Number of Signs and Script Type

53Indus  Valley Civilization & its  Writing Indus Valley Civilization & its Writing 54

Indus Script Signs (1 to 110)

From Mahadevan
(1977)
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Some More Indus Signs

Indus Valley Civilization & its Writing 55From Mahadevan(1977) Indus Valley Civilization & its Writing 56

Indus Script Signs (1 to 110)

From Mahadevan
(1977)

A Page from Dataset of Indus Texts

From Mahadevan (1977)

Text No.                                     Indus Text

Indus Valley Civilization & its Writing

Indus texts are strings of 
417 distinct signs of length 
not more than 14 signs in 
a single line. 

We analyze the 
corresponding strings of 
sign numbers.

342-194-67-59-87-99-267

57

What about its direction?
 Cramping of signs towards the left end of objects.

 Overflow of signs at the left end of objects.

 Gap towards the right end of objects.

Indus Valley Civilization & its Writing 58

All this is indicative of right to left direction (83% of times), though 
there are a few exceptions!

Mahadevan (1977), Parpola (1992)

Several Past Attempts
 For 130 years, scientists from a variety of disciplines have been 

attempting to read the Indus script with no clear answer.

 Some of the various attempts so far include:

 Mahadevan’s work – First published concordance (1977)
 Parpola et al.’s work (Finnish group) – Dravidian 
 Knorozovet al.’s work (Russian group) – Dravidian 
 Gift Siromoney’s statistical analysis
 Subbarayappa’s interpretation as pure numerals
 S. R. Rao’s interpretation as Vedic literature
 Others (see Possehl, 1996) 

 The sign system of Indus culture remains ambiguous, with
contested claims of decipherment, but no consensus on any of
them. 

Indus Valley Civilization & its Writing 59
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We start with the sign frequencies!

Only 67 out of 417 
signs account for 

over 80% of the 
writing.

>1000

999-500

499-100

99-50

49-10

9-2 1

61Indus  Valley Civilization & its  Writing

 The first question we wanted to answer was:

“Are Indus texts just a collection of randomly ordered
signs or is there any sequencing?”

 So we randomized all the written material and checked
how often we get similar sequences by chance and in
real Indus data.

Indus Valley Civilization & its Writing 62
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Yadav et al. (2008 a)

Indus Dataset

Randomly 
Sequenced 

Dataset

Check Against Random Order

64Indus  Valley Civilization & its  Writing

Signs that Begin & End Indus Texts

Text Enders-Text Beginners Asymmetry

65

Yadav et al. (2010, in press)

20 signs: 80 % of all text
enders

67 signs: 80 % of all signs

80 signs: 80 % of all text 
beginners

20

80

67

Indus Valley Civilization & its Writing
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Positional Analysis of Frequent Two-sign Combinations

Indus Valley Civilization & its Writing 67

Two-sign Combination Frequency Left (%) Middle (%) Right (%)

99 267 168 1.79 11.90 85.71

89 336 75 0.00 89.33 10.67

176 342 59 96.61 3.39 0.00

342 8 58 72.41 25.86 0.00

99 391 56 0.00 8.93 91.07

342 347 56 89.29 10.71 0.00

1 342 48 89.58 10.42 0.00

123 293 40 0.00 0.00 100.00

59 87 39 0.00 79.49 20.51

342 48 38 52.63 28.95 15.79

59 171 36 0.00 80.56 19.44

162 249 34 0.00 85.29 14.71

211 89 34 91.18 8.82 0.00

245 245 33 60.61 21.21 18.18

211 59 31 90.32 9.68 0.00

67 65 27 0.00 74.07 25.93

130 51 27 7.41 70.37 22.22

67 99 26 0.00 100.00 0.00

342 162 25 84.00 12.00 0.00

343 123 25 0.00 100.00 0.00

Yadav et al. (2008 a)

Positional Distribution of Sign Sequences 

Indus Valley Civilization & its Writing 68Yadav et al. (2008 a)

85 % of times 
starts a text.

89 % of times comes in 
the middle of texts.

96 % of times ends a 
text.

69

Three-sign Combination Frequency Left (%) Middle (%) Right (%)

211 89 336 34 88.24 5.88 2.94

343 123 293 25 0.00 0.00 100.00

342 162 249 24 83.33 8.33 4.17

342 169 249 20 70.00 20.00 5.00

342 8 171 19 73.68 5.26 15.79

149 130 51 19 0.00 78.95 21.05

59 87 99 16 0.00 100.00 0.00

342 87 403 16 81.25 6.25 6.25

342 149 130 16 75.00 25.00 0.00

67 99 267 14 0.00 7.14 92.86

87 99 267 14 0.00 21.43 78.57

89 336 72 14 0.00 85.71 14.29

65 99 267 12 0.00 8.33 91.67

342 244 67 12 66.67 8.33 16.67

15 389 178 11 72.73 0.00 18.18

59 171 53 10 0.00 60.00 40.00

245 245 25 10 90.00 0.00 0.00

Positional Analysis of Frequent Triplets

Indus Valley Civilization & its Writing Yadav et al. (2008 a)

Segmentation of Indus Texts

Indus Valley Civilization & its Writing

By comparing longer and shorter texts on different objects!

Mahadevan (1986), Yadav et al. (2008b)

71

Segmentation of Indus Texts

Indus Valley Civilization & its Writing

By using frequent sign sequences!

Mahadevan (1986), Yadav et al. (2008b)

72
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Segmentation of Indus Texts

Indus Valley Civilization & its Writing

By comparing adjacent pair frequencies! 

Mahadevan (1986), Yadav et al. (2008b)

73

Indus Dataset Before and After Segmentation
Dataset before Segmentation Dataset after Segmentation

Indus Valley Civilization & its Writing 74

Yadav et al. (2008 b)

Text lengths 1 to 14 No segment  > 9 signs 

Examples of Segmentation

Indus Valley Civilization & its Writing 75Yadav et al. (2008 b)

2015

4385

2673 4560

1093

Modular partitioning of the network
Modularity optimization  8 communities (shown as differently colored nodes)

77Indus Valley Civilization & its Writing
Sinha, Pan, Yadav et al. (2oo9, ACL-IJCNLP)

Results from Network Analysis

Indus Valley Civilization & its Writing 78

Sinha, Pan, Yadav et al. (2oo9, ACL-IJCNLP)
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Result based on Network Analysis

Indus Valley Civilization & its Writing 79

Segmentation tree height for all texts of
length 10 or more in EBUDS 

(arranged in descending order)

Sinha, Pan, Yadav et al. (2oo9, ACL-IJCNLP)

Applying Machine Learning and Data Mining

• Research in machine learning and data mining has led 
to new techniques for:

• Learning statistical models of sequences

• Grammar discovery

• Pattern recognition

• Pattern completion

• We apply these new techniques to the Indus script 

problem.

Indus Valley Civilization & its Writing 81 Indus Valley Civilization & its Writing 82

N-gram & Markov Models

• Are probabilistic models which provide a very useful 
method of modelling different types of sequences.

• These models are not sensitive to the semantic content 
of the sequences but, reveal the syntax, if any, that the 
sequences follow.

• The order of the Markov model decides the length of 
correlation.

Yadav et al. (2010, in press), Rao, Yadav et al. (2009, PNAS)

Markov Model for 3 States A, B and #

Indus Valley Civilization & its Writing 83

Some example Sequences with this Markov model:

Sequences not seen with above Markov model:
All texts with repetition of BB or all texts which end in A.

Rao, Yadav et al. (2009, PNAS)

How can we model English alphabet in bigram?

S =      {A, B, C, ... , M, N, ... , Z}   26 States

P = 

П = { p(X0 = A), p(X0 = B ), … , p(X0 = Z) } Ini. state prob. vector

sign A B ... Z

A p1 , 1 p1 , 2 … p1 , 26

B p2, 1 p2,2 … p2, 26

... … … … …

Z p26, 1 p26, 2 … p26,26

Transition matrix
(26  26)

84Indus Valley Civilization & its Writing
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Examples from English

 At the level of individual word, with each letter as an 
independent token, we find that 

 the letter ‘t’ can be succeeded by lot of letters such as 

‘a’, ‘e’, ‘o’, but not ‘x’ or ‘z’,

 the letter ‘q’ usually succeeded by ‘u’ and so on.

 Similarly, if we the tokens are words, then we find that 
the word ‘the’ can be succeeded by a large number of 

words, but not verbs such as ‘eat’. 

85Indus Valley Civilization & its Writing

Indus Texts are mapped to sequences

Indus Valley Civilization & its Writing 86

s t s t+1s t-1s0
sT

Indus Text

Sequence
of states

Yadav et al. (2010, in press); Rao, Yadav et al. (2009, PNAS)

How do we model the Indus Script?

S = {    ,      ,    , ... ,    , ... ,          , ... ,   }   417 States

P = 

П = { p(X0 =    ), p(X0 =     ), … , p(X0 =     ) }        Initial state

prob. vector

sign ...

p1 , 1 p1 , 2 … p1 , 417

p2, 1 p2,2 … p2, 417

... … … … …

p417, 1 p417, 2 … p417, 417

Transition matrix
(417  417)

87Indus Valley Civilization & its Writing Indus Valley Civilization & its Writing 88

Comparison of Bigram Matrices

No correlation Indus Script

Yadav et al. (2010, in press)

Markov Model of Indus Texts
We  use this Markov model of Indus texts for

• filling-in damaged or illegible Indus texts

• generating Indus like texts

• finding the likelihood of a string to the learned model -

how closely the statistical properties of a string 

matches the texts used for learning the model?

Indus Valley Civilization & its Writing 89

Yadav et al. (2010, in press); Rao, Yadav et al. (2009, PNAS)

a) Filling in damaged & illegible texts

Indus Valley Civilization & its Writing 90
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Restoration of Doubtfully Read Texts

Yadav et al. (2010, in press)
91Indus Valley Civilization & its Writing Indus Valley Civilization & its Writing 92

Text                       Blank                            Predicted              Text No.                          Closest matching 
Length                    Text                                   Text                                                       text from M77       

Most Probable Texts: Generated by Model

Yadav et al. (2010, in press)

b) Generation of Indus like texts

Indus Valley Civilization & its Writing 93

Generated Texts from Model

Indus Valley Civilization & its Writing 94

Yadav et al. (2010, in press)

c) Finding likelihood of a string

Indus Valley Civilization & its Writing 95

Strange Sequences on West Asian Seals 

Indus Valley Civilization & its Writing 96

Sequence

Impression of a round stamp
seal from West Asia

never occurs in Indus corpus
of about 4000 texts from 
Harappan sites!

Use of Indus script to write West Asian content?
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Comparing West Asian vs. Indus Area Inscriptions: 
Difference in structure?

Indus Valley Civilization & its Writing 97

Synthetic example:

Indus text

Altered text

Actual example:

Indus seal

West Asian seal

Likelihood

2.8 x 10 -5

~ 0

1.4 x 10 -6

5.6 x 10-11

West Asian seal text is approximately 100,000 times as unlikely to be generated by the 
learned model as other Indus area texts. 

Rao, Yadav et al. (2009, PNAS)

All this shows that

 Indus writing was clearly ordered and seems to be 
dictated by certain set of rules.

 These results seem to suggest an underlying grammar.

 Does the script represent language?

Indus Valley Civilization & its Writing 98

Comparison with Other Sign Systems

 We have compared the conditional entropy of Indus sign 
system with other linguistic and non-linguistic sign 
systems.

 The study indicates  that the flexibility in choosing a sign 
given a preceding sign in Indus script is relatively close to 
linguistic systems than non-linguistic sign systems.

Indus Valley Civilization & its Writing

Rao, Yadav et al. (2009, Science)

100
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Comparison of Indus Data with Various Linguistic and 
Non-linguistic Systems

Rao, Yadav et al. (2009, Science)

101

Indus :Mahadevan Data

English    : Brown Corpus

Sanskrit  : Rig Veda

Old Tamil: Ettuthokai

Sumerian: Oxford Corpus

DNA         : Human Genome

Protein    : E. Coli

Fortran    : FEM code

Summary
 Harappan civilization was spread over 1.5 million km2.
 It had a complex network of cities and villages that 

constituted the civilization.

 Its growth and decay can be evaluated using its standard of 
living.

 Its architecture and technology were also highly evolved.
 Its writing is an excellent example of its creativity.

 Study of Indus writing suggests that the script has a rich 
syntax with an underlying logic in its structure. Its meaning 
is not known to us.

 We can’t read Indus script but (we think) we can WRITE it 
with some degree of confidence.

Indus Valley Civilization & its Writing 102
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