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Abstract

:

During the Bronze Age, the inhabitants of regions of Crete, mainland Greece, and Cyprus inscribed their languages using, among other scripts, a writing system called Linear A. These symbols, mainly characterized by combinations of lines, have, since their discovery, remained a mystery. Not only is the corpus very small, but it is challenging to link Minoan, the language behind Linear A, to any known language. Most decipherment attempts involve using the phonetic values of Linear B, a grammatological offspring of Linear A, to ‘read’ Linear A. However, this yields meaningless words. Recently, novel approaches to deciphering the script have emerged which involve a computational component. In this paper, two such approaches are combined to account for the biases involved in provisionally assigning Linear B phonetic values to Linear A and to shed more light on the possible connections of Linear A with other scripts and languages from the region. Additionally, the limitations inherent in such approaches are discussed. Firstly, a feature-based similarity measure is used to compare Linear A with the Carian Alphabet and the Cypriot Syllabary. A few Linear A symbols are matched with symbols from the Carian Alphabet and the Cypriot Syllabary. Finally, using the derived phonetic values, Linear A is compared with Ancient Egyptian, Luwian, Hittite, Proto-Celtic, and Uralic using a consonantal approach. Some possible word matches are identified from each language.
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1. Introduction


In 1900, Sir Arthur Evans, while excavating the Knossos Palace in Crete, unearthed clay tablets with unknown scripts on them. The writings belong to a family of scripts used in Crete, Mainland Greece, and Cyprus [1]. Among the two, which showed many similarities, the older one, Linear A, was used between 1700–1450 BCE and is yet to be deciphered [2]. The other script, Linear B, which seems to be the grammatological offspring of Linear A, was deciphered in 1952 by Michael Ventris [3]. Linear A also served as a model for another script near the end of the Bronze Age: Cypro-Minoan, which was used by the pre-Greek inhabitants of Cyprus. Cypro-Minoan, in turn, served as a model for the Cypriot syllabary, a script used by the locals to write their own dialect of Greek [1].



Sir Evans’ choice of the name ‘Linear’ stems from the fact that both Linear A and B consist of only lines inscribed in clay [4]. Since their discovery, however, Linear A inscriptions have also been found on artefacts such as vases, jewelry, and other objects in different locations including Cyprus, mainland Greece, Turkey [5], and other Aegean islands (Kea, Kythera, Melos, and Thera) [6]. The corpus, altogether, currently consists of about 7150 signs inscribed on 1427 artefacts [1].



Most decipherment attempts begin by attributing Minoan, the language behind Linear A, to a known language family. Scholars have hypothesized links between Minoan and the Indo-European languages, the Semitic languages, the Tyrsenian languages, and the Uralic languages, among others. However, most such arguments are met with skepticism, as these attributions only yield a limited number of meaningful results [7]. Furthermore, a major (‘fatal’) challenge in the decipherment process is our inability to ‘read’ Linear A. Although there exist reasonable justifications to assign Linear B phonetic values onto Linear A for this, such an approach still produces meaningless words and has not been proven to be reliable.



Recently, novel attempts to decipher the script have emerged, which usually involve an algorithmic component. In this paper, we propose the combination of two such approaches, by Loh and Perono Cacciafoco [7] and Revesz [8], and the reasons for this are two-fold. Firstly, we aim to overcome the limitations involved in provisionally assigning Linear B phonetic values to Linear A and, secondly, we aim to shed more light on the possible connections between Linear A and other writing systems and languages from the Mediterranean and the Black Sea areas.



This paper is organized as follows. Section 2 outlines the main challenges with deciphering Linear A, along with some past attempts. Section 3 introduces and gives an overview of our proposed approach. Section 4 consists of the methodological details of this approach. Section 5 presents the results obtained when comparatively assessing the writing systems (Carian Alphabet and Cypriot Syllabary) and the languages (Ancient Egyptian, Luwian, Hittite, Proto-Celtic, and Uralic), and Section 6 discusses their implications. Section 7 concludes the entire paper and invites further work.




2. Some of the Past Decipherment Attempts


The main challenge with deciphering Linear A begins with our inability to ‘read’ it. Since its phonetic values are unknown, analytical attempts are likely to be unproductive. To address this, one approach, as aforementioned, has been to assign the phonetic values of Linear B to Linear A. Not only is Linear B largely derived from Linear A, but there exist visual similarities among signs in these two systems. Hence, it is reasonable to approach the decipherment of Linear A by assigning to it the phonetic values of Linear B. However, as discussed, although this allows for the ‘reading’ of Linear A, it has not proven to be very reliable, as it has, so far, only produced meaningless words [9].



The other challenge lies in the fact that the language behind the Linear A signs is unknown. Attempts to link so-called ‘Minoan’ to other known languages have remained unsatisfactory. Among the numerous hypotheses, there appear to be four main language families that scholars argue have a connection with Minoan: Indo-European, Semitic, Tyrsenian, and the Uralic language families. Vladimir Ivanov Georgiev, one of the scholars who suggests an Indo-European connection, posits that Linear A tablets, specifically the ones from Hagia Triada, encode Ancient Greek. He also believes that the other Linear A documents were transcribing Hittite–Luwian [10]. Other scholars similarly suggest an Indo-European connection. Gregory Nagy, for instance, conducted a comparative analysis of Linear A and Linear B by looking into the visual compatibilities between them, demonstrating Minoan’s Indo-European-like features [11]. Similarly, Gareth A. Owens, by using phonetic values from Linear B and the Cypriot Syllabary, postulated that Minoan could be related to Sanskrit or Latin [12]. Leonard R. Palmer, another prominent scholar, suggested the possibility of Minoan being an Anatolian language linked to Luwian [13]. Palmer’s theory stemmed from the two historically reconstructed invasions of Crete and Greece by the Luwians during the time when Linear A was adopted. Furthermore, statistical techniques applied to the frequency analysis of symbols and grammatological comparisons have also been considered for studying Indo-European links. Most notably, Hubert La Marle used such techniques to derive conclusions that suggest an Indo-Iranian connection for Minoan [14,15,16,17]. These theories, however, have remained controversial and unproven. Palmer’s work, specifically, was criticized for relying on his subjective interpretation of the tablets, which led to varied interpretations [7]. La Marle’s work, similarly, has been contested by John Grimes Younger due to questionable comparisons with various writing systems from different origins [18].



Other scholars argue for possible connections between Minoan and the Semitic language family. Cyrus H. Gordon, one of the first to propose this link, also assigned Linear B phonetic values to Linear A signs and discovered words in Linear A that appeared to be similar to words from the Semitic language family [19]. However, Gordon’s approach was also met with skepticism. Critics have argued that because the matches identified were mainly vocabulary items, the reliability of the language family connection is compromised, as they could be Semitic lexical borrowings rather than examples of Linear A. Additionally, Gordon’s methodology involved associating elements to several Semitic languages, such as Akkadian and Canaanite. The fact that the comparison was not carried out with one specific language led scholars to consider the Semitic hypothesis unsuccessful [20]. Jan Best’s attempts at postulating Phoenician as the ancestor of Linear A were similarly countered by scholars who highlighted the lack of linguistic evidence supporting the Semitic link [21]. Eu Min et al. also investigated the plausibility of a Semitic link with their study of Linear A libation tables [20]. Although their research pointed towards a possible connection, the result was not significant enough—indeed, they produced negative results, which, in their conclusions, led to their exclusion of a Semitic option.



The third language family that has received consideration for its possible connections with Minoan is the Tyrsenian one. Helmut Rix was the scholar who theorized this language family’s existence, which would include, according to him, Etruscan (spoken in central Italy between around 700 BC and 50 AD), Lemnian (spoken on the island of Lemnos around the VI Century BC), and Rhaetic (spoken in the Eastern Alps between the I millennium BC and the III century AD) [22]. Giulio Mauro Facchetti, one of the first to propose the connection, hypothesized relationships between Etruscan, Lemnian, and Minoan [23]. Facchetti suggested that Minoan could be the ancestor of the proto-Tyrsenian branch of languages from which Etruscan, Lemnian, and Rhaetic were derived. This also meant, then, according to Facchetti, that Minoan would be the ancestor of the Eteocretan branch, which he assumes is different from the other Cretan branch [24]. James Mellaart extended this work by positing a connection between Etruscan, Lemnian, and Rhaetic and pre-Indo-European Anatolian languages by studying Anatolian place names [25]. However, due to a lack of proper verification of the plausibility of connections among Etruscan, Lemnian, and Rhaetic [21], the Tyrsenian argument remains disputed.



Another approach to using Linear B phonetic values to attempt to decipher Linear A has involved an analytical interpretation of the symbols shared between the two writing systems by John Grimes Younger. Younger attempted to discover words and names by assigning the Linear B phonetic values to Linear A. He was able to recognize a few possible Linear A toponyms with a comparison with Mycenaean Greek along with a positional and frequency study of place names in Linear B (and Linear A) tablets [26]. However, this comparative examination between Linear A and Linear B, although logical and well-grounded, did not yield decisive results, unfortunately.



A recent decipherment approach [7] proposes comparing Linear A with other language families according to their grammatological elements through a ‘brute force attack’. The method, originating from cryptanalysis, involves assigning Linear B phonetic values to Linear A and then comparing the consonant clusters of Linear A with the consonant clusters of other languages from the region. A set of dictionaries of various languages stored in spreadsheet files is used as the input for a Python program which performs this comparison. The ‘consonantal’ approach is declared to be effective, because consonant clusters are, presumably, more stable and consequently allow for the easier analysis of the morphological parts of a language.



Peter Z. Revesz [8] proposed another approach, which involves comparing Linear A to other writing systems visually, by using a feature-based similarity measure. This novel algorithm was employed to develop a new phonetic grid for Linear A, which was then used to generate a Minoan–Uralic dictionary. According to Revesz, he was able to translate twenty-eight Linear A inscriptions. More recently, Revesz also pointed to archaeogenetic evidence that suggests Minoans may have originated in the Danube Basin and the Western Black Sea coastal area [27], which could further suggest a Minoan–Uralic connection, given earlier and newer publications that argue that the Proto-Uralic people once lived in the Black Sea area [28,29,30,31].



Another important challenge in deciphering Linear A, however, is simply that the corpus is very small. There are currently about 7150 Linear A signs inscribed on 1427 artefacts [1]. This is in contrast with the larger corpus of Linear B, comprising about 30,000 signs at the time it was deciphered [26].




3. Proposed Approach


First, Linear A is compared with other writing systems in the region using the feature-based similarity measure proposed by Revesz [8]. Second, the phonetic values of those writing systems that are visually similar are assigned to Linear A. These two steps are to ensure that the potential limitations involved with provisionally assigning Linear B phonetic values to Linear A are accounted for. Finally, Linear A is compared with other languages using the consonantal approach/‘brute force attack’ proposed by Loh and Perono Cacciafoco [7].



3.1. Writing Systems Compared with Linear A


The writing systems that will be compared visually to Linear A include the Cypriot Syllabary and the Carian Alphabet. Some scholars have previously assigned phonetic values from the Cypriot Syllabary onto Linear A for its analysis. Most notably, Owens [12] used phonetic values from the Cypriot Syllabary and Linear B to hypothesize possible links between Minoan and the Indo-European language family. Since Linear A was used as a model for Cypro-Minoan which, in turn, was used to model the Cypriot Syllabary, this paper aims to further explore the relationships between the two.



The Carian Alphabet, similarly, is argued to be linked to the Cretan Scripts’ family which, among other writing systems, includes Linear A and Linear B [32]. Revesz discusses the possible connections between Old Hungarian and the Carian Alphabet using a feature-based similarity measure and postulates that the Carian Alphabet is an ancestor of Old Hungarian. Therefore, a possible link between the Carian Alphabet and Linear A is considered.




3.2. Languages Compared with Linear A


Adopting the ‘brute-force attack’ proposed by [7], the languages/language clusters compared using the consonantal approach include Ancient Egyptian, Luwian, Hittite, Proto-Celtic, and Uralic, which belong, largely, to three language families: Indo-European, Afro-Asiatic, and Uralic. Since a considerable number of decipherment attempts suggest the possibility of Minoan belonging to the Indo-European language family, this paper aims to explore this further, with Luwian and Hittite. With Ancient Egyptian, it aims to investigate possible connections between the Minoans and the Egyptians. Sir Arthur Evans posited that the interaction between Crete and Egypt began during the third millennium BC [33]. Archeological evidence also strongly suggests a link between the two. Thus, we propose a further analysis of the possible connections between their languages. We also include a comparison with Proto-Celtic, which, although it does not have an apparent relation to Linear A, allows us to leverage the unbiased and universally applicable ‘brute-force’ nature of the consonantal approach. Finally, we also aim to further explore the Minoan–Uralic connection mentioned above.





4. Methods


4.1. Deriving the Phonetic Values


We use the feature-based similarity measure proposed by Revesz [8] to derive a new phonetic grid for Linear A. It has the following components:




	
Similarity Function








To compute the similarity between any two symbols, we let    S   =      { s   1   ,     s   2   ,     s   3   ,    …  ,     s   n   }   be a set of n symbols,   F = {   f   1   ,   f   2   ,   f   3   , … ,   f   m   }   be a set of m elementary features, and    T :    S , F   → {  0 ,  1 }   be a function that maps a symbol–feature pair with either 0 or 1, depending on whether that symbol has that feature. Then,


  sim     s   i   ,   s   j     =    ∑   k =  1 ,  T     s   i   ,   f   k     = T     s   j   ,   f   k       m      w   k    








where     w   i     is a weight function that maps any feature i to a real number (the weight assigned to that feature).



	2.

	
Elementary Feature Set







The elementary feature set describes the feature of each symbol using a set of descriptors. Each feature corresponds to elements found in the symbols. Table 1 shows the elementary feature set used for this paper, which is based on the one developed by Revesz [8].



	3.

	
Weight of Each Feature







In Revesz [8], the weight of all features is 1. However, in this study, a different set of weights for each feature is used. The weight of each feature is the inverse of its frequency of occurrence across all symbols in Linear A. In other words, a feature that exists in most symbols will have a lower weight compared to a feature that only exists in some. This means that sharing a rarely occurring feature is given more importance than sharing a commonly occurring one.



Table 1 illustrates the weight of each feature in the elementary set based on a frequency analysis performed for all features across all standard simple signs in Linear A (A001–A371) from GORILA (the Linear A corpus by Louis Godart and Jean-Pierre Olivier).



With the elementary feature set, a feature map is first computed for each symbol in Linear A, the Carian Alphabet, and the Cypriot Syllabary. The feature map demonstrates the existence of specific elementary features in the symbol. Each symbol in Linear A is then compared with each symbol in the Carian Alphabet and the Cypriot Syllabary to derive their similarity scores. This expectedly results in a large output. Hence, after the comparison, some criteria are necessary to keep only those symbol matches that are strongly correlated. In this paper, the following criteria are employed:




	
The threshold for the similarity value given by the similarity function is set to 2.05. This means only two symbols whose similarity values are above or at 2.05 are considered potential matches;



	
If there are multiple matches with the same similarity value, the tie is broken by manually analyzing the symbols;



	
Matches that meet the threshold, but are visually dissimilar upon manual analysis are also not considered. Such a case could arise due to the limited number of features considered or because of the interdependence among features in the elementary feature set. For instance, for a symbol to contain a hair it must also enclose some ‘region’.








Additionally, since the phonetic grid is derived via visual comparison, allographs in these writing systems are important for consideration. The Carian Alphabet, specifically, is composed of a few of them. For instance, 𐊡, 𐋊, 𐋋, and 𐋌 all have the same phonetic value. In this paper, all variants of symbols in the Carian Alphabet specified in the Unicode Standard are examined independently for comparison. In the case of both the Cypriot Syllabary and Linear A, only the standard signs are used.




4.2. Consonant Cluster Comparison


After assigning the new phonetic values, the comparison between the languages is performed using a Python program developed by a research team led by Francesco Perono Cacciafoco and Colin Loh at Nanyang Technological University (NTU), Singapore [34]. The program works by using two CSV files as the input. The first CSV file is a Linear A master list with three columns: ‘Source’ (the artefact that contains the Linear A word), ‘New Format’ (the Linear A word with phonetic values derived from the feature-based similarity measure), and ‘Linear A’ (the Linear A word with the vowels removed). The second CSV file contains a single column with all the dictionary words of the language being compared. The program then removes vowels from the words of all the dictionary words of the language being compared and compares each of them with words from the Linear A master list. It finally produces a list of exact matches found between Linear A consonant clusters and the consonant clusters of the language which is compared. These matches are finally compared manually, in turn, to dictionary entries in the selected language, to see whether a meaning can be assigned to them. If a meaningful entry is found, this is cross-referenced with the original Linear A tablet and a judgment is made as to whether it allows us to ‘read’ the tablet itself, or part of it.





5. Results


5.1. Phonetic Values for Linear A


Using the feature-based similarity measure, each symbol in Linear A is compared with every symbol in the Cypriot Syllabary and the Carian Alphabet, to derive the possible phonetic values of Linear A. Table 2 shows a sub-set of these comparisons, filtered using the criteria outlined in the Methodology. The last column indicates the writing system that the matched sign is assumed to belong to (‘CS’ denotes the Cypriot Syllabary, ‘CA’ denotes the Carian Alphabet). The phonetic values are transcribed using Latin/Roman letters. For the Carian Alphabet, they are based on the transcription system posited by Ignacio J. Adiego [35].



It is important to note that Linear A, being—plausibly—a syllabary, is likely not composed of pure consonants, unlike the Carian Alphabet. This poses a challenge with using the Carian Alphabet to derive the phonetic values of Linear A. Revesz [8] proposes that if a Linear A symbol corresponds to a Carian Alphabet symbol with the phonetic value /C/ (a consonant), then the Linear A symbol for some vowels will have a phonetic value of /CV/ (consonant/vowel). For instance, the Linear A sign 𐘗, which could match with the Carian Alphabet sign 𐊦, would have a phonetic value of /L/+/V/. Revesz then derives the value for this /V/ by searching for the “appropriate word to describe the meaning of the Linear A symbol” [8] in Uralic, Finno-Ugric, and Ugric vocabulary lists.



In this paper, no particular vowel was concatenated with the pure consonants, as it was assumed that they could have any value. Since this comparison of Linear A with other languages involves a consonantal approach, the lack of specific vowels does not entirely render the phonetic values obsolete.




5.2. Comparing Linear A with Other Writing Systems and Related Languages


With the phonetic values derived in Table 2, Linear A was compared with Ancient Egyptian, Luwian, Hittite, Proto-Celtic, and Uralic by using the consonantal approach proposed by Loh and Perono Cacciafoco [7]. The results derived from the operation of the Python program developed by the two scholars for this task, highlighted in the Methods section, are presented in Table 3, Table 4, Table 5, Table 6 and Table 7. Since the Python program yields a lot of matches for each of the languages, the results presented have been filtered manually, to ensure that only matches with a high likelihood of plausibility are kept for consideration.





6. Discussion


Although the results could suggest possible links between Linear A and Ancient Egyptian, Luwian, Hittite, Proto-Celtic, and Uralic, the matches found are insufficient to yield conclusive evidence of any connection. For each compared language, the matches appear sparse and spread across multiple tablets. Additionally, the number of matches across the languages are similar, with certain Linear A words matching with words in all the languages, suggesting that the result is coincidental rather than indicative of concrete links.



The limited number of matches could be due to the phonetic values used for the comparison. The feature-based similarity measure, with the parameters utilized in this paper, was only successful in producing 43 matches for comparing Linear A with other languages. In contrast, since Linear A and B potentially share 92 similar signs, naturally the phonetic grid based on Linear B includes more signs. There are several reasons for the derived phonetic grid being small. Firstly, it could simply indicate a lack of concrete links between the scripts. Secondly, while the feature-based similarity measure allows for an analysis of different writing systems, it is not without its limitations. The method depends highly on the elementary feature set, and since we only had a few features, it is plausible to assume that certain important features may have been missed during the analysis. Additionally, a small feature set also increases the probability of finding multiple matches for any symbol with the same similarity scores, and breaking the tie becomes a challenging decision. In Revesz [8], for instance, the tie is broken by choosing the symbol that is earlier in the standard ordering of symbols.



It is important to note, additionally, that the limited number of matches could simply indicate a lack of connections between the languages. Most connection hypotheses, as discussed previously, have shown to be unsuccessful due to reasonable justifications. Considerations such as the temporal and spatial relations of the writing systems and languages are undeniably important factors. For instance, a Minoan and Luwian or Hittite (Indo-European) link could be considered unlikely due to temporal gaps, if the emergence of the Minoan civilization is believed to predate the arrival of Indo-European speakers to Anatolia.



The Combined Approach


Our approach aimed to leverage different characteristics of two computational methods of decipherment, in the effort to interpret Linear A. The feature-based similarity measure, for instance, has been considered effective for visual comparisons of writing systems. In [36], Barla et al. performed a feature analysis of Indus Valley- and Dravidian-connected scripts. They propose a novel elementary feature set consisting of six additional features on top of the one employed in this paper and generate heat maps for the different writing systems. Comparing their approach to our approach in this paper, we chose to use the same feature set as Revesz [8]. However, this choice is arbitrary and evidently influences the results obtained post analysis. Selecting a good elementary feature set is not straightforward and requires experimentation and further analysis. This suggests that although the approach seemingly aims to provide an objective way to compare writing systems, it is still subjective to an extent. For this paper, however, the approach has allowed us to account for biases that arise while assigning Linear B phonetic values to Linear A, which is also inherent in the so-called ‘consonantal approach’. It is important to note, however, that visually similar symbols may not necessarily share the same phonetic values [37].



After the derivation of the phonetic values, the consonantal approach has enabled us to attempt a statistical analysis of a new rendition of Linear A with other languages from the region, resulting in a few matches. In [7], Colin Loh and Francesco Perono Cacciafoco outlined preliminary results using this consonantal approach with Linear B phonetic values, and they found matches across Hittite and Luwian. They posited that the Linear A cluster “PA-RE”, from the document HT4 of GORILA’s volume 1, could be a possible match with “PARI” from the Luwian dictionary, which represents “forth”, or “away”. Due to the limited number of phonetic values derived in this paper, it is difficult to assess the effectiveness of the consonantal approach for the comparative analysis of languages. A limitation inherent in such an approach is the loss of information resulting from the removal of vowels. The matches may just be loanwords or purely coincidence. Furthermore, filtering the large number of matches generated by the Python program is not arbitrary and requires further consideration and study. The approach’s effectiveness in performing a ‘brute-force’ analysis, however, is evident.



Overall, the combined approach is effective in a cross-language and cross-script analysis, albeit with some limitations inherent in the two approaches that have been combined. It is also worth noting that there are possible limitations with the combination as well. Due to the dependence of the consonantal approach on the feature-based similarity measure, it may be difficult to determine the plausibility of links between languages using this approach. Obtaining a low number of matches, for instance, could indicate a lack of connection between the languages, compared to using the consonantal approach or when the writing systems are compared visually. Hence, the combined approach necessitates a stepwise assessment of the results. If there are low matches when comparing the writing systems visually, the decision of whether these writing systems are appropriate for use with the consonantal approach must be made first.





7. Conclusions


Among the numerous attempts to decipher Linear A, some recent approaches involve a computational component. This paper aimed to combine two such novel methods to firstly account for the biases inherent in provisionally assigning Linear B phonetic values to Linear A and, secondly, to shed more light on the possible connections between Linear A and other writing systems and languages of the Mediterranean and the Black Sea areas. This paper also aimed to highlight some limitations inherent to such approaches. The first step in the combined approach involved a feature-based similarity measure to visually compare writing systems and the second involved using a consonantal approach to compare different languages. Although the writing system still remains largely undeciphered, by employing the combined approach some Linear A signs were found to be similar to signs from both the Cypriot Syllabary and the Carian Alphabet. Applying the phonetic values of those similar signs to Linear A and comparing it with Ancient Egyptian, Luwian, Hittite, Proto-Celtic, and Uralic resulted in a few word matches between the languages. Although these could suggest possible connections, they are not significantly conclusive, due to the limited number of matches. Along with some limitations inherent to the combined approach, the small corpus still poses a major challenge in deciphering Linear A. However, our approach can be applied and used to compare any known writing system and language possibly connected to Linear A, removing our dependence on assigning Linear B phonetic values to Linear A and allowing for an unbiased analysis. Further research could investigate the use of the combined approach with other scripts and languages.
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Table 1. Elementary features with their corresponding weights.
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	Elementary Feature
	Weight





	The symbol contains some curved lines
	0.01



	The symbol encloses some regions
	0.01



	The symbol has a slanted straight line
	0.01



	The symbol contains parallel lines
	0.02



	The symbol contains crossing lines
	0.02



	The symbol’s top is a wedge
	0.12



	The symbol’s bottom is a wedge
	1.00



	The symbol’s right side is a wedge
	0.33



	The symbol contains a stem, that is, a straight vertical line that runs down the middle
	0.03



	The symbol’s bottom has two legs
	0.06



	The symbol’s bottom has three legs
	0.09



	The symbol contains a hair, a small line extending from an enclosed space
	0.04



	The symbol contains two triangles
	0.33










 





Table 2. Feature-based similarity scores for a sub-set of symbol pairs.
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	Linear A Sign
	
	Matched CS/CA Sign
	
	Phonetic Value
	Similarity Score
	Assumed Origin





	AB01
	[image: Information 15 00073 i001]
	TA
	[image: Information 15 00073 i044]
	TA
	2.07
	CS



	AB02
	[image: Information 15 00073 i002]
	LO
	[image: Information 15 00073 i045]
	LO
	2.07
	CS



	AB03
	[image: Information 15 00073 i003]
	PA
	[image: Information 15 00073 i046]
	PA
	2.07
	CS



	AB07
	[image: Information 15 00073 i004]
	UUU2
	[image: Information 15 00073 i047]
	Y
	2.07
	CA



	AB08
	[image: Information 15 00073 i005]
	UUU3
	[image: Information 15 00073 i048]
	Y
	2.07
	CA



	AB09
	[image: Information 15 00073 i006]
	SE
	[image: Information 15 00073 i049]
	SE
	2.07
	CS



	AB11
	[image: Information 15 00073 i007]
	B
	[image: Information 15 00073 i050]
	B
	2.07
	CA



	AB13
	[image: Information 15 00073 i008]
	NE
	[image: Information 15 00073 i051]
	NE
	2.06
	CS



	AB17
	[image: Information 15 00073 i009]
	RA
	[image: Information 15 00073 i052]
	RA
	2.07
	CS



	AB20
	[image: Information 15 00073 i010]
	TI
	[image: Information 15 00073 i053]
	TI
	2.05
	CS



	AB22
	[image: Information 15 00073 i011]
	U
	[image: Information 15 00073 i054]
	U
	2.07
	CS



	AB24
	[image: Information 15 00073 i012]
	LD
	[image: Information 15 00073 i055]
	L
	2.05
	CA



	AB31
	[image: Information 15 00073 i013]
	U
	[image: Information 15 00073 i056]
	U
	2.07
	CA



	AB34
	[image: Information 15 00073 i014]
	D
	[image: Information 15 00073 i057]
	D
	2.07
	CA



	AB37
	[image: Information 15 00073 i015]
	A
	[image: Information 15 00073 i058]
	A
	2.06
	CA



	AB39
	[image: Information 15 00073 i016]
	E
	[image: Information 15 00073 i059]
	E
	2.06
	CS



	AB44
	[image: Information 15 00073 i017]
	A
	[image: Information 15 00073 i060]
	A
	2.07
	CS



	AB46
	[image: Information 15 00073 i018]
	X
	[image: Information 15 00073 i061]
	C
	2.06
	CA



	AB48
	[image: Information 15 00073 i019]
	NG
	[image: Information 15 00073 i062]
	NG
	2.05
	CA



	AB50
	[image: Information 15 00073 i020]
	S
	[image: Information 15 00073 i063]
	S
	2.06
	CA



	AB51
	[image: Information 15 00073 i021]
	SU
	[image: Information 15 00073 i064]
	SU
	2.07
	CS



	AB54
	[image: Information 15 00073 i022]
	UU
	[image: Information 15 00073 i065]
	W
	2.06
	CA



	AB55
	[image: Information 15 00073 i023]
	E2
	[image: Information 15 00073 i066]
	E
	2.06
	CA



	AB59
	[image: Information 15 00073 i024]
	R
	[image: Information 15 00073 i067]
	R
	2.06
	CA



	AB65
	[image: Information 15 00073 i025]
	D2
	[image: Information 15 00073 i068]
	D
	2.07
	CA



	AB70
	[image: Information 15 00073 i026]
	JA
	[image: Information 15 00073 i069]
	JA
	2.07
	CS



	AB77
	[image: Information 15 00073 i027]
	Q
	[image: Information 15 00073 i070]
	QU
	2.07
	CA



	A302
	[image: Information 15 00073 i028]
	RI
	[image: Information 15 00073 i071]
	RI
	2.07
	CS



	A304
	[image: Information 15 00073 i029]
	TI
	[image: Information 15 00073 i072]
	TI
	2.07
	CS



	A306
	[image: Information 15 00073 i030]
	XE
	[image: Information 15 00073 i073]
	XE
	2.06
	CS



	A309A
	[image: Information 15 00073 i031]
	O
	[image: Information 15 00073 i074]
	O
	2.07
	CA



	A311
	[image: Information 15 00073 i032]
	TT2
	[image: Information 15 00073 i075]
	CH
	2.07
	CA



	A312
	[image: Information 15 00073 i033]
	L
	[image: Information 15 00073 i076]
	L
	2.05
	CA



	A314
	[image: Information 15 00073 i034]
	MB
	[image: Information 15 00073 i077]
	MB
	2.07
	CA



	A318
	[image: Information 15 00073 i035]
	G2
	[image: Information 15 00073 i078]
	G
	2.07
	CA



	A319
	[image: Information 15 00073 i036]
	LD
	[image: Information 15 00073 i079]
	L
	2.07
	CA



	A325
	[image: Information 15 00073 i037]
	T
	[image: Information 15 00073 i080]
	T
	2.07
	CA



	A326
	[image: Information 15 00073 i038]
	NN
	[image: Information 15 00073 i081]
	N
	2.07
	CA



	A330
	[image: Information 15 00073 i039]
	KU
	[image: Information 15 00073 i082]
	KU
	2.06
	CS



	A339
	[image: Information 15 00073 i040]
	LE
	[image: Information 15 00073 i083]
	LE
	2.07
	CS



	A349
	[image: Information 15 00073 i041]
	ST2
	[image: Information 15 00073 i084]
	Z
	2.07
	CA



	A351
	[image: Information 15 00073 i042]
	PE
	[image: Information 15 00073 i085]
	PE
	2.07
	CS



	A355
	[image: Information 15 00073 i043]
	KI
	[image: Information 15 00073 i086]
	KI
	2.07
	CS










 





Table 3. Python program results for Ancient Egyptian.
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	Matched Consonants
	Linear A Cluster
	Egyptian Word
	Linear A Source
	Meaning

‘|’ Separates Different Meanings

‘?’ Indicates that the Meaning Is Uncertain





	nr
	NE-RA
	iner
	HT10A
	shell of an egg|gravel, stone



	p
	PA-[],

]-PA
	ipA
	KN32b, KH 91
	to make to fly, to fly|house, dwelling, harem



	pr
	PA-RA-[ ],

]-PA-R
	aper
	ZA006b, KH 79 + 89
	to be equipped, to be provided with, furnished (of a house)|a boat equipped with everything necessary and a crew



	r
	RA
	ArA
	ZA009
	to go up, to embark in a boat, to bring, to be high



	rp
	R-PA
	irp
	HT104
	wine|wine plant, vine|to rot, to decay, to ferment



	rr
	RI-R
	irr
	HT30
	deaf (?)|grapes, grape seeds|a wine jar



	ry
	RI-Y
	ary
	HT28a, HT28b
	he who goes up|light, fiery one|the name of a Dekan|a kind of fish|breeze, wind



	yS
	Y-SE
	AyS
	HT132, HT81, HT93a, HT85a
	truce










 





Table 4. Python program results for Luwian.
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	Matched Consonants
	Linear A Cluster
	Luwian Word
	Linear A Source
	Meaning

‘|’ Separates Different Meanings

‘?’ Indicates that the Meaning Is Uncertain





	ll
	LO-LO
	lalai
	KE Wc 2b
	take



	p
	PA-[],

]-PA
	pa
	KN32b, KH91
	protect (?)



	r
	RA
	ura
	ZA009
	great



	ry
	RI-Y
	ariya
	HT28a, HT28b
	raise|check, restrain (?)



	t
	TA
	ta
	HT86a,

Wa 1031
	step|arrive



	tn
	TA-NE
	taini
	HT95a, HT95b
	of oil, oily



	w
	W
	wi
	HT98a,

Wc 3019, HT97a
	see|appear (?)










 





Table 5. Python program results for Hittite.
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	Matched Consonants
	Linear A Cluster
	Hittite Word
	Linear A Source
	Meaning

‘|’ Separates Different Meanings

‘?’ Indicates that the Meaning Is Uncertain





	ll
	LO-LO
	lulu
	KE Wc 2b
	evenness, steadiness, stability, security



	lr
	L-R
	luri
	HT10B
	loss, shortfall, decimations|loss of standing, comedown, disgrace, degradation



	p
	PA-[],

]-PA
	apa
	KN32b,

KH 91
	that (one)|he, she, it|the one in question|thy, thine, your(s)



	pr
	PA-RA-[ ],

]-PA-R
	puri
	ZA006b,

KH 79 +89
	lip|rim, edge, border



	prl
	PA-R-L
	parala
	HT122a, HT94b
	something of wood used on sacrificed cattle, nom



	prt
	PA-R-TA
	parta
	PH31a
	side, siding, partition



	ps
	PA-SE
	pus
	HT18, HT27b
	diminish, fade, be eclipsed|be small, act petty, be pusillanimous



	r
	RA
	ara
	ZA009
