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Section-S1 Evidence supporting use of Indus inscriptions in formalized data-carriers
 S1.1 Clear dominance of seal inscriptions
[bookmark: _Toc15028]	Around 87% of the 2409 DILs of IDF-80 have found place at least once in some seal or seal-impression (see Fig. 3A). Moreover, the miniature-tablets, copper-tablets, ivory-rods and pottery-shards of IVC often shared common inscriptions with the seals. For example, the inscription-line [image: ],  which appeared in a sealing (#8118) of Kalibangan and an ivory-rod (#3502) of Mohenjo-daro, also occurred in two sealings and 37 miniature-tablets of Harappa (e.g. tablet #5464). Similarly, the inscription-line [image: ] has occurred in numerous different seals, sealings, miniature-tablets and pottery-graffiti found from Harappa, Mohenjo-daro, and Kalibangan. Thus, evidently, the semantic scopes of these object-types coincided with those of the seal-inscriptions. So, the usage domain of Indus seals  surely  dominated the semantic scope of Indus inscriptions.  Now, a seal is by definition a formalized data-carrier, that authenticates or endorses some object or document based on some pre-defined rules. Moreover, most of the Indus seal-impressions were "found on tags once attached to bales of goods, for their reverse sides usually show traces of packing materials" (Parpola, 1994). Thus, object-typology based evidence proves that Indus inscriptions were mainly used to convey the messages of formalized data-carriers. 

S1.2 Structural similarities with modern formalized data-carriers 
Portability, miniature size: Just like the modern stamps and coins, Indus seals and tablets were also portable miniature sized objects, the majority of them being just 2 to 4 centimetres long on each side. 
Fixed positioning between inscriptions and iconography: As shown in Fig 3B of the main article, just like the fixed positioning of the 'Asoka Pillar' iconography, relative to texts of modern Indian stamp, the "unicorn" iconography in Indus seals invariably receive convenient positions that maintain a standard size-ratio with the seal-inscriptions. 
Formulaic structure of texts: Just as modern stamps have specific formulaic structures, with specific types of information engraved in specific parts of them, the majority of the Indus inscriptions too maintained formulaic structures, as shown by some representative examples in Fig 3B. 
The distinction between obverse and reverse contents: As shown in Fig 3C of the main article, just the way modern Indian coins accommodate different types of information on their obverse and reverse sides, Indus tablets also maintained a clear distinction between its obverse and reverse inscription-contents. The three tablets presented in Fig 3C, contain the same inscription on their obverse side, but a typical inscription pattern on the reverse side, where the rimless-jar like signs are preceded by only stroke-signs of varying numbers of long strokes inscriptions ([image: ], [image: ], [image: ], [image: ]). Interestingly, in each of the 240 multi-sided sealings and miniature-tablets found in Harappa, the reverse-side inscription contained one of these  four <Stroke-sign Rim-lessJar-Sign> patterns.  Interestingly, as described by Nissen et al. (1993), a similar distinction between their obverse and reverse contents was maintained by several proto-cuneiform administrative tablets.  While their obverse sides recorded quantities of different commodities, the reverse sides contained the calculated sum or total value of the commodities enumerated in the obverse sides.  
[bookmark: _Toc535343902][bookmark: _Toc15029]S1.3 Geographical distribution of identical inscriptions denoting their use in standardization and bureaucracy

[bookmark: _Toc535343903][bookmark: _Toc15030]Inscribed objects found repeatedly from very distant Indus locations carry identical or near-identical inscriptions (see Fig. 4). For example, five distinctive inscriptions were found in the seals of both Harappa and Lothal, while six distinctive inscriptions were shared between the artefacts excavated from both Harappa and Mohenjo-daro, although the spatial distance between Harappa and Lothal is 904 km, while that between Mohenjo-daro and Harappa is almost 600 km (for the distances of Fig 4, see Possehl, 1999, cited by Yadav et al. 2013).  Sighting of Indus seals carrying identical inscriptions in such distant locations clearly indicates that the messages of Indus inscriptions were made applicable across all the centres of IVC by some standardized bureaucracy, in the same way that modern legal and economic standards in customs, excise rates and coinage systems are uniformly applied across all the locations of a country. 
S1.4 Usages in commercial and economic contexts
    As documented by Kenoyer (2010), Parpola (1994), Bhan (2011), and other leading archaeologists, Indus seals were generally found concentrated in craft areas, or near customs-like houses adjacent to fortified city gates, where goods entering or exiting cities were possibly weighed, measured and taxed. The seals were often found along with standardized Indus weights in such locations (Wells, 2011; Parpola, 1994; Kenoyer, 2010).  As Possehl (2002:  127) mentions, existence of “thousands of examples of Indus messages scratched onto the surfaces of ordinary fired pottery", indicates that "ordinary people probably controlled some small part of the writing system and used it in their daily lives". Interestingly, unlike the situation in ancient Mesopotamia and Egypt, Indus seals and tablets were rarely found in grave goods. Moreover, the sealings and tablets were often found in the trash, implying that they were discarded after use.  All these strongly suggest that Indus inscriptions were mostly used for economic, commercial, and utilitarian activities just like modern formalized data carriers, and not for religious purposes.  
	It is true that certain iconographies present in inscribed objects were most possibly influenced by the religious and social beliefs of that era. But many inscribed seals and tablets do not contain any iconography. Moreover, often a particular iconography occurs along with different inscription-lines. For example, the iconography of a unicorn facing towards the right with a cult object in front of it occurred with more than 800 different inscription-lines in different artefacts. These facts prove that the semantic scope of the inscriptions was to a large extent independent of that of the iconographies. Just as the lions in the Asoka Pillars iconography of Indian stamps have no direct connection with the usage of the stamps as fiscal or judicial instruments, from the use of religious iconography in Indus seals, we should not assume that the seals themselves were used for religious purposes.   There is a good possibility that the iconographies carried information about the identities of the issuing authorities of the seals and tablets. But that discussion is out of the scope of this study.  
[bookmark: _Toc535343904][bookmark: _Toc15031]S1.5 Industry-level manufacturing efforts 
	The industry-level efforts needed to manufacture the inscribed seals and tablets (mostly made with steatite, faience and copper) again indubitably indicate their importance in Indus bureaucracy. As Kenoyer (2005) observes, “faience and steatite tablet production was a highly regulated craft” in IVC. Steatite being a soft stone, inscribed steatite objects were made durable by processing them in 900°C high temperatures. Faience was made from “ground quartz that is melted and then reground to make a frit", and after optional colouring with copper, it had to be "fired at high temperatures to create a shiny glazed object” (Kenoyer 2005:11). Besides, the processes of cutting, inscribing and polishing the actual seals and copper-tablets were extremely tedious (Possehl, 2002:95; Mackay, 1931:378-398). These painstakingly expensive processes are thus akin to the printing and minting processes of modern-day coins, currency-notes, and important stamps. Now, since many finished artefacts contained only inscriptions without any iconography, it is evident that the inscriptions themselves were the valuable contents, which had to be made durable through these expensive processes.
Collating all this evidence and reasoning, this study confidently claims that the Indus inscriptions were applied mainly for commercial and economic purposes, in formalized information-carrying tokens.
 
Section-S2 Certain interesting observations regarding the phrase-final signs 
S2.1 Patterns where the PF2-signs precede the PF1-signs instead of following them 
 	As discussed in Section-3.2.2 of the main article, except in a few special instances, PF2-signs seldom precede PF1s. Only 4 such <PF2 PF1> constructs ([image: ],[image: ],[image: ], [image: ]) occur in just 18 DILs of IDF-80. Interestingly such <PF2 PF1> patterns are also not random. For example, among the 8 DILs where [image: ] occur, 6 DILs have sign [image: ] preceding [image: ] (in the construct [image: ]) and 1 DIL has sign [image: ] preceding sign [image: ] (in the construct [image: ]). Similarly, among the 7 DILs containing another <PF2 PF1> sequence[image: ], 5 instances have again the sign [image: ] preceding [image: ] (construct[image: ]). Hence in these 15 DILs, some semantic correlation between the signs [image: ] and[image: ], and the signs [image: ] and[image: ], had been the driving factor behind the unusual <PF2 PF1> sequences. However, the usual <PF1 PF2> constructs like [image: ] or [image: ] occur in 75 and 67 DILs respectively, in varied inscriptional contexts, clearly proving that PF1s preceding PF2s was the syntactic norm of ISC.
S2.2 Affinity between specific PF1s and PF2s 
    The statistics provided in Table-S1 show how certain PF2-signs had a special affinity towards specific PF1-signs. For example, unlike the versatile PF2-sign[image: ], which pairs with all PF1s, the PF2-signs[image: ] and [image: ] occurred with only the most frequent PF1-sign [image: ] .
Table-S1 
	PF2-sign
	Count of DILs where the PF2-sign follows PF1-signs specified in nested columns 
	Count of DILs where the PF2-sign followed any PF1-sign
	Count of DILs where the PF2-sign occurred

	
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	-------------
	-------------

	[image: ]
	75 (2*)
	 8
	4
	 3
	 1
	15(2*)
	106
	192 (2*)

	[image: ]
	 4
	 4
	 0
	 0
	 0
	0
	8
	18

	[image: ]
	67 (3*)
	 0
	 0
	 0
	 0
	0
	66
	91 (4*)

	[image: ]
	10 (2*)
	 0
	 0
	 0
	 0
	0
	10
	15 (1*)

	[image: ]
	 6 
	 0
	 0
	 0
	 0
	0
	6
	13

	[image: ]
	 3
	1
	0
	2
	0
	0
	6
	10




S2.3 PF2-signs occurring without PF1s 
   The instances where PF2-signs occur without PF1-signs, also demonstrate certain special patterns. In most of these cases, the signs directly preceding the PF2-signs also have the ability to occur independently at phrase-final positions without the help of the PF1s. This implies that such signs either do not need to be semantically predicated by the PF1s (e.g. the graphically anthropomorphic signs such as [image: ], [image: ] etc.),  or they semantically contain the functionality of PF1s (e.g. ENCs such as [image: ] etc., see Section-3.2.14 of main article).

Section-S3 Detailed reasoning for classification of certain numerical signs
  As discussed in the main article, in the process of identifying the numerical signs of ISC, 14 stroke- signs were identified in the first iteration based on their combinatorial patterns, graphical features and archaeological context of usage. Next, certain other signs were also iteratively identified as NUM-signs based on their graphical and combinatorial similarities compared to these 14 signs. In the following section, the identification processes of each of these NUM-signs are discussed in detail. 
	Since the stroke-signs [image: ]and [image: ] find use in very similar inscriptional-patterns as the NUM-signs already identified above (see Figs. 21A-B, D-E of the main article), they too are classified as numerical logograms. Stroke-sign [image: ] is usage-wise very similar to NUM-sign [image: ]. Among the 21 DILs where sign [image: ] occurs, in 14 DILs it precedes NUM-sign [image: ], while in 5 DILs sign [image: ] precedes the stroke-sign[image: ]. Thus [image: ] is also identified as a NUM-sign.
	As shown in Fig. 21C of the main article, sign [image: ] often occurs in very similar contexts as other NUM-signs. Moreover, if one looks at the variants of sign [image: ] recorded by Mahadevan, it becomes evident that its main grapheme [image: ] that resembles a plough-like sign used in Egyptian hieroglyphs  (see U6 and U7 of Gardiner's sign list, (Gardiner, 1969)), gets appended to different types of stroke-signs (see Fig. 21C). Now, interestingly the most dominant variant of [image: ] is constituted by attaching the grapheme [image: ] with the grapheme of[image: ]. Based on all these, this study classifies [image: ] as a possible NUM-sign. From such evidence, Wells (2011) had also identified [image: ] as a NUM-sign in his structural  analysis. 
	The stroke-signs [image: ] (pottery #4852) and [image: ] (sealing #4821) have occurred only once in IDF-80. They too are classified as NUM-signs, considering their graphical similarity with other stroke-numerals. 
	Stroke-sign [image: ] has occurred in only 2 seals, preceding CROPs [image: ] in one, and PF1-sign [image: ] in another. Based on graphical and combinatorial similarities, [image: ] is also classified as a  NUM-sign. 
	Signs [image: ] and [image: ] are graphically made of intersecting oval signs (resembling 'vesica piscis'). Despite not being stroke-signs, they are also classified as NUM-signs, as they occur mostly before CROPs just like the short-stroke numerals (see Fig. 22A of the main article).
     Sign [image: ] is also identified as a NUM-sign, for demonstrating a similar combinatorial pattern as other NUM-signs  (see Fig. 22B). 
     Signs [image: ] and[image: ], which are composed of one or more vertically stacked semi-circular curves, occurred only in 4 bronze implements (including inscribed axe-blades) of Mohenjo-daro, Kalibangan and Chanhu-daro and in 2 pottery graffiti instances of Harappa. Coincidentally or not, sign [image: ] resembles the grapheme used for Egyptian Hieroglyphs 10 (Chrisomalis, 2010:333). Analysing the repeated usage of semicircles in these signs, and their tendency to accompany the stroke-numerals (see Fig. 22C of the main article), I suggest that they too were numerals or quantifiers. Since these signs had occurred exclusively in the abovementioned special objects, they were possibly special quantifiers mostly apposite for such special contexts.  

[bookmark: _Toc535343924][bookmark: _Toc15051]Section-S4  Weak correlation between sign-sequences longer than bigrams 
    As mentioned in the main article, the sign-sequences of Indus inscriptions do not demonstrate significant correlations beyond the bigram level. To prove this point, let us analyze the trigrams of ISC. To study the trigram collocations, I shall first exclude all the trigrams that contain any PF1-sign or CM-sign as part of them. This is because, as discussed in the main article, the PF1s and CMs usually form "general collocations" with signs of specific sign-classes, not "fixed collocations", where the semantic bonding between individual signs is best manifest. Interestingly, among the filtered trigrams, not a single trigram is found where the correlation between the signs of one of its constituent bigrams, is not stronger than the trigram correlation. For example, in case of the most frequent trigram [image: ] (25 DILs), its constituent bigram [image: ] has a stronger correlation, as it could independently occur in 19 inscribed objects  (e.g. [image: ], [image: ] etc.), without getting accompanied by sign  [image: ]. Similarly, for trigram[image: ] (9 DILs), [image: ] is the more strongly correlated bigram, which could occur in 2 DILs without getting followed by [image: ] (e.g. inscription [image: ] of seal #1020).
[bookmark: _GoBack]	These results completely accord with the findings of Yadav et al. (2010), who used n-gram Markov chains models to analyse the Indus inscriptions. In their article they confirmed that "the differential reduction in perplexity with increase in model order" clearly shows that in ISC "the most significant correlations are due to bigrams, with somewhat modest trigram correlations, and almost negligible quadrigram correlations" (Yadav et al., 2010). However, the existence of certain frequent trigrams surely demonstrates that due to some semantic association, certain bigram collocations (e.g. [image: ]) become accompanied by specific lexeme-signs (e.g. [image: ]) more frequently than expected. 

References used only in the supplementary section:
Yadav N, Joglekar H, Rao R PN, Vahia M N, Adhikari R and Mahadevan I (2010) Statistical analysis of the Indus script using n-grams. PLOS One 5(3): pp e9506. 
image7.png
UVE





image8.png
2 H





image9.png




image10.png




image11.png




image12.png




image13.png
UVEN





image14.png




image15.png
UVEY





image16.png




image17.png
4 E ¥





image18.png
EYU





image19.png
RS





image20.png




image21.png
]





image22.png




image23.png




image24.png




image25.png




image26.png




image27.png




image28.png




image29.png




image30.png




image31.png




image32.png




image33.png
II/





image34.png




image35.png




image36.png




image1.png
EU R





image37.png
||/m [N





image38.png
i





image39.png
|/





image40.png




image41.png




image42.png




image43.png




image44.png




image45.png
i





image46.png
[
{1t





image2.png
Yo





image47.png




image48.png




image49.png




image50.png




image51.png




image52.png




image53.png
»

0





image54.png




image55.png




image56.png
XJ/&





image3.png
U





image57.png
J&





image58.png
L E Y





image59.png
Eh/ &





image60.png
X





image61.png
OC M\ ¥





image62.png
M %





image63.png




image64.png
Ui T UUMWMY





image65.png
J¥





image66.png
X





image4.png
J |l





image5.png
Ul





image6.png
U Il





