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EXPLORATORY ANALYSIS OF CUNEIFORM ARCHIVES:
A NETWORK APPROACH TO EBLA TEXTS*

Massimo Maiocchi

Summary

The article investigates the possibilities offered by network analysis applied to the field of cuneiform studies. Focusing on the
archive of Ebla, dated to the middle of the third millennium BC, the author tries to examine the usability of this new technique
in terms of establishing the relative chronology of the documents unearthed there, as well as finding joins via network connec-
tions of fragmentary texts. In doing so, the paper stresses the necessity of expanding current methodologies in Assyriological
research, as to include scripting for processing large datasets — a technique rarely adopted in Ancient Near Eastern studies, but
with a great potential for the future of this field of research.

1. INTRODUCTION

Network analysis has gained popularity among Assyriologists in very recent years. Surprisingly enough, two papers
devoted to this topic were read at the 2012 Recontre Assyriologique Internationale held in Leiden (Waerzeggers 2012;
Still 2012). Pioneering research in this direction has been carried out especially by C. Waerzeggers (2014), whose
article concerned with Neo-Babylonian texts inspired the remarkable work of Abraham ez /. (2014). In the same
direction goes the research of Anderson (forthcoming), exploring Old Assyrian archives from the point of view of
social network analysis. A similar methodology has been used by Cline and Cline to study the Amarna archive (2015).
However, most of the data regarding the application of network analysis to cuneiform texts are still unpublished.
Nevertheless, it is noteworthy that this approach has already been adapted to very different scenarios, despite of the
novelty of this methodology. As far as cuneiform studies are concerned, network analysis has been used in order to:

- achieve a better understanding of interactions between agents, be they either people attested in letters and
administrative documents, or lexicographical variations of words in a text corpus;

- identify tablets as belonging to unprovenanced archives, based on prosopographical data from large text corpora;

- frame tablets within a relative chronology on the basis of the communities of people mentioned in the texts;

- establish a genealogy of literary documents.

This variety of approaches (many more will no doubt come in the forthcoming years) is no doubt motivated by
the fact that network science was developed in the first place to handle very big data sets, which is exactly the situation
scholars involved in cuneiform studies face today (large number of texts, of actors, of interactions). Network analysis

*  The argumentation offered in the present article is meant to be complemented by a set of digital files, freely accessible through the SMEA

NS website, http://smea.isma.cnr.it More in detail, the digital package includes:

a. The network graph shown in Fig. 7, distributed as a Gephi file. This allows transparent access to the data discussed below. In addition, users
can magnify the graph if need be, in order to achieve a better understanding of the relationships among graph entities, which are notably
hard to capture on paper. Needless to say, this also allows for the possibility to perform further analytical research.

b. A Perl script for the generation of the complex networks described in this article. As the script can be easily adapted to operate on other
scenarios, the author believes this may substantially promote similar studies based on other text corpora.

c. Sample input transliterations. The file is merely meant to provide a concrete example on how input data should be structured in order for
the script to run correctly.

All files are distributed as open source software (GNU General Public license v. 3.0).

SMEA NS 2, 2016, 137-158
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heavily relies on mathematics and computational methods, and is presently being applied in very disparate fields, such
as particle physics, electrical engineering, biology, economics, marketing, sociology, anthropology, communication
technology, etc.! All these fields share the fact that they deal with either complex or complicated systems. The distinc-
tion is crucial here: whereas complexity is the result of a bottom-up organization of elements, as one can observe for
instance in a snow crystal, complicatedness takes the other way around, being the product of a top-to-bottom impo-
sition of relationships (Erdi 2008). Complex systems can usually be described by few simple productive rules, whereas
complicated systems are characterized by a larger amount of rules that have a more limited scope. Complex systems
are inherently simple, complicated ones are difficult, and largely non-reducible to simple structures. When dealing
with the products of human culture, conceived as both material and immaterial artefacts, the situation is clearly a
mixed one. As it is true that society (both ancient and modern) may be regarded as a self-organizing structure subject
to environmental pressure, it is equally clear that, once it gains a given set of infrastructural and cultural elements, it
may behave as a top-bottom organization. This class of systems has been defined as “wicked”, stressing the fact that
the methodologies that apply to either complex or complicated systems may only loosely apply to them (Andersson,
Tornbergb, Tornberg 2014, 146-148). Network analysis of cuneiform texts may thus be equally described as a “wick-
ed” science, not only because of the nature of the systems it aims to study, but also because of the inherent limitations
it suffers. Even in the best case scenario, such as the Ebla texts found 77 siu in their almost intact original spatial col-
location, cuneiform archives dont document every single aspect of ancient life. Instead, they record only information
relevant to the institution that produced those very documents, invariably restricted in scope. Therefore, we certainly
miss more than one node in any possible reconstruction of the ancient social network.” Homonymy adds a further
element of difficulty, as it is often hard, if not impossible, to decide whether the documents mention two namesake
individuals or one and the same person in different capacity. Hypochiristica and variations in spellings are equally
problematic: do slightly different names refer to distinct individuals or not? Even with all this limitations in mind, I
believe that is possible to successfully apply Social Network Analysis (SNA) to cuneiform archives to achieve statis-
tically sound results, and most of all, to provide scholars with a powerful tool that enables exploratory data analysis.

2. SOCIAL NETWORK ANALYSIS: BASIC CONCEPTS

Social network analysis is a sub-field of network science that studies the connections between a set of related enti-
ties, such as for instance a group of individuals belonging to the early city administration. Visually, these entities
may be represented as dots (nodes) in a graph, whereas their mutual interactions as edges connecting them. The
terminology to these basic constituents of network theory in fact varies depending on authors and primary scope
of application. Thus in mathematics one often speaks of vertexes instead of nodes. Similarly, edges are referred to
also as arcs, links, ties, or simply connections. Once the information on these entities is properly structured, one
may apply quantitative methods to measure network properties, and use dedicated software for visually render the
data network in form of a graph. Scholars may be for instance interested to know how large, complex, or solid a
network is, or how many sub-groups of actors (communities) one may spot, or again how much it relies on a central
core, etc. The key concepts in network science have already been presented to Assyriological audience in the above
mentioned articles by Waerzeggers (2012; 2014) and Abraham ez al. (2014).° Here, I may briefly summarize some
of them, adding a few general comments that complement their observations, pinpointing at the same time what
research techniques appear to me best suited for historical analysis. The complex mathematics that makes possible a
quantitative evaluation of these concepts is beyond the scope of this article, as well as of the expertise of its author.
Consequently it will only be hinted at in the following discussion.

1 For a detailed treatment of the development of network science see Freeman 2004.
2 Asalready recognized by Waerzeggers 2014, 225-226.
3 Waerzeggers 2014, 210-213; Abraham ez al. 2014, 120-122.
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Bridges: this term refers to those crucial nodes that link otherwise disconnected areas of the network. Bridges are
interesting because may refer to people having diverse access to human resources, like for instance high-sta-
tus officials in charge of crucial administrative sectors.

Cliques: local groups of nodes that are well interconnected, but only loosely connected to the rest of the net-
work. Guild workers, concubines in a harem, prisoners of war are all examples of cliques.

Clustering: also known as community or cliques detection. This technique is usually performed to automatically
group nodes that are closely tied to one another (unsupervised clustering).

Density: this is a measure of how well connected a network is. A network having every single node connected to
any other (also known as a complete graph) has a density of 100%; a network of isolated nodes has density
0%. Cliques tend to have high local density (see above).

Centrality: it is an index that spots the most important nodes within a network. Depending on how one define
importance, different calculation in fact applies. Thus, degree centrality spots the nodes that are crucial points
of passage; closeness centrality spots those nodes that are more deeply rooted within the network; betweenness
centrality spots nodes that function as bridges (see above); etc.

In-degree: it is the measure of how many edges point to each node (in a network of individuals this is equivalent
to their relative popularity).

Out-degree: it is the measure of how many connections a node has (equivalent to friendship or gregariousness).

Matrix: is a table containing all the necessary information to produce a network graph, in which nodes represent a
given entity (persons, email addresses, molecules, etc.). A matrix can be thought of in terms of a contingency table,
having the same variable on both axes. In case of a network of physical persons, the variable may be the personal
name, or rather an identification number used to differentiate possible homonyms. The intersection between rows
and columns contains a number equal to the frequency of interactions between two given individuals.®

A more prosaic description of topographic features, such as a broad evaluation of core and periphery may
also shed light on the kind of administration performed at Ebla. Low-ranking individuals are expected to have
fewer connections with the core, a clique in the periphery may indicate a peripheral office, etc.

3. THE EBLA DATASET

Obviously, the first step in the creation of a network graph is collecting data. In the case of Ebla, the EbDA
j fwhich I iate edi ides the digital edition of th dsofd ¢ Conformi
project, of which I am associate editor, provides the digital edition of thousands of documents.® Conforming to
the EbDA database standards, transliterations have been enhanced as to include semantic information on dis-
crete classes of ‘objects’, such as text reference, personal and divine names, toponyms, etc. Users can therefore
restrict queries to any of these domains — a feature that, combined with the possibility of using regular expres-

4 Algorithms that perform this task are for instance Girvan Newman Clustering and Markov Cluster Algorithm. Clustering may be
a computationally demanding process. Depending on the strategy put in place for spotting communities, and to the resolution to do so
(recognizing for instance very small communities in very large network), the time necessary varies with the square of the number of nodes.
For large networks, both algorithms may end up being impractical. Modularity clustering is instead a relatively fast process, but the speed in
the result comes to a cost. It may in fact fail to recognize small communities within large networks. For the purpose of this paper — which is
focused on macro-features of the main communities — this seems to be a reasonable approximation. For the mathematics of the modularity
algorithm used here see Blondel ez 2/. 2008.

5  For an example of a matrix see Waerzeggers 2014, 221-222.

6 http://virgo.unive.it/eblaonline/cgi-bin/home.cgi EbDA is presently the largest on-line repository of Ebla texts (Charpin 2014, 344). Transliter-
ations of Ebla documents are also available via CDLI. These are fewer in number, but they may be useful to those scholars that need data formatted
according to the ORACC standards. EbDA uses an altogether different encoding, conceived to be simple but powerful in terms of research potential
(see below). As far as on-line resources on the Ebla texts are concerned, I would like to mention here also The Prosopography of Ebla —a joint project
of the University of Florence (P. Fronzaroli and A. Catagnoti), and Sapienza University of Rome (A. Archi and M.G. Biga), see infrz n. 15.
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sions in the search engine, provides scholars with maximum flexibility in data mining.” The EbDA encoding
makes possible to automatically extract, for instance, the complete list of personal names as recurring in the
texts presently featuring in the database. This allows for a preliminary computer-based generation of matrixes
for producing a network of cuneiform texts. In such a network, if two documents share one or more personal
names, they are linked together. The strength of this tie is proportional to the number of people in common.
After a spatialization algorithm operates on the raw data, in such a graph one expects to find tablets that share
consistent prosopographical data visually grouped together. As the clusters thus formed are composed by tab-
lets that mention people that lived at the same time, this process is also expected to partition tablets according
to their relative chronology. This assumption can be tested against the chronological anchor points as discussed
below. Manually producing matrixes for a network graph is a slow, tedious and energy consuming process, es-
pecially if one is working on large text corpora. Also, and perhaps more importantly from the methodological
point of view, the manual production of matrixes does not produce linked data, inevitably ending up with two
separate datasets: transliterations and matrixes. This is a big drawback for further research, as what modern
Assyriologists and digital humanists alike actually need is a semantic data network to perform their research-
es.® In fact, once loaded in a database, encoded transliterations can be queried in all sorts of ways, allowing
scholars to cross linguistic, social, economic, and historical information. If need be, standard Assyriological
transliterations can be easily produced from the encoded data, simply stripping the tags that conventionally
mark individual words — this is in fact what is shown as results of any query in the EbDA database. The reverse
process is of course impossible. Going back to the automatic creation of matrixes on the basis of encoded texts,
this is done by a Perl script that extracts the relevant information from the transliterations and re-arranges it in
form of a matrix.” As scripting in Perl is in fact very simple, it is in fact possible to build a more powerful set of
instructions, which outputs a file that can be readily open with the most recent pieces of software for network
analysis, such as Gephi, thus entirely bypassing the matrix step.' More in detail, the script generates a .gexf
file, which offers the great advantage to store much more information when compared to traditional matrixes,
allowing the definition of node and edge properties, such as size, label, colors, hierarchies, dynamics etc.'" For
instance, the actual personal names shared by any couple of tablets can appear as edge labels in the visualization
software, for quick reference. In addition, this technique allows for embedding information on the content of
a text represented as a node, flagging ‘administrative texts’, ‘letter’, ‘incantation’, etc. Sub-categories may be
applied too, thus administrative texts can be further tagged as: ‘account of metal’, ‘delivery of textiles’, etc.,
which in turn can be sub-categorized as ‘annual’, ‘monthly’, etc. A brief description of the script workflow is in
order. First, the script gathers all text references and the list of personal names attested in them. Second, the list
of personal names is reduced as to discard duplicates or names too broken to be usable. Third, the list of nodes
and edges composing the network is generated.

7 More in detail, PNs are marked by prefixing the element p_ to the actual personal name. Thus, one finds p_ib-ri-um, not ib-ri-um.
Similarly, each text heading is marked by $, which is a special character reserved for this function within the EbDA database. Thus one finds
$ARET 01 0001 as a label marking the first document published in the ARET series.

8 Linking data is in fact the ultimate goal of the ORACC project (Open Richly Annotated Cuneiform Corpus), reachable at oracc.
museum.upenn.edu.

9 APerl script is basically a text file containing a set of instructions that tells the computer what to do with strings of text. Perl is a scripting
language widely used today in internet technology. More information on scripting in Perl can be found at https://www.perl.org/

10 Gephi (http://gephi.github.io/) is an open source, multi-platform, program. Contrary to other software devoted to network analysis,
such as the old but popular Ucinet, Gephi has a stable 64 bit version, which is necessary for dealing with large networks requiring massive
amount of memory to be displayed and analyzed.

11 .gexf files are XML based, this means that each node is declared and marked by special tags, such as <node> </node>. One may visit
http://gexf.net/format/ for more information on this file format, including examples and a useful .gexf primer. Basic knowledge of any mark-
up language, such as HTML, is required to go through the details available on-line.
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3. THE ARCHIVES OF EBLA AND THE RELATIVE CHRONOLOGY OF THE TEXTS

The Ebla archive provides us with invaluable data for the reconstruction of a third millennium capital city in mod-
ern days Syria.'” The documents, covering a time span of roughly forty years, are datable to the first half of the 24th
century BC, just before the rise of the Sargonic dynasty in Southern Mesopotamia. The texts unearthed so far stem
from the royal palace area, stretching over a relatively large portion of the acropolis. There, ceremonial structures,
including an audience-hall and a monumental staircase leading toward the center of the acropolis, are connected
with residential units and storage quarters. Most of the texts were found in L. 2769, also known as the central ar-
chive. Smaller lots of tablets were found in several other spots, again all belonging to the palace area. The numerical
consistency of each of these tablet groups is not easy to evaluate. Inventory numbers can in fact be misleading,
listing both complete tablets and small fragments. In addition, the size of the tablets greatly varies from small to
large. The following list table is therefore provisional:'?

Locus Conventional label Estimated no. of inscribed items
L. 2769 Central archive ~ 3000 tablets

L. 2752 Audience court archive 18 tablets + 4 large fragments

L. 2875 Vestibule archive ~ 300 fragments = 30 large tablets?
L. 2764 Administrative quarter archive ~ 30 tablets

L.2712 Provision archive ~ 250 tablets

L. 2586 Jar archive 32 tablets

i gi?i: i gégi’ Southern quarter archive 5 tablets

The content of the tablets has been analyzed from several points of view. The literature is vast, so I limit myself to
general considerations and references, which may be useful to non-Ebla specialists.'* The texts are edited in the
ARET and MEE series, partly overlapping. An in-depth study of the onomastics has produced remarkable advance-
ments in our understanding of the local vernacular."” Both the writing system and the Eblaite language has been
objects of several studies,'® and are now treated in a grammar devoted to this subject.'” Political and social history,
as well as religion'® and gender studies,” were also the focus of several important contributions.”” Administrative
procedures and dossiers of text related to notable individuals have also been studied.”" A comprehensive treatment
of the complex social relationships attested in the archive, as well as a sound archivistics-oriented study of the ma-
terial, is still missing. As for testing the assumption that clustering algorithms should be able to produce a network
diagram in which texts of the same period should be closely connected, we should now take a closer look to those
texts that can be dated with confidence to a given sub-period of the archive. We therefore have an objective way
to validate (or reject) the data produced applying network analysis to the documents under scrutiny. In the past
decades, several important studies devoted to the relative chronology of the Ebla texts appeared on major Assyrio-

12 Milano 1995.
13 The data provided here are based on Archi 1986; 1996a; 2003.
14 For further (older) references see Baffi-Guardata, Baldacci, Pomponio 1997.

15 See most recently The Prosopography of Ebla project (http://www.sagas.unifi.it/vp-359-prosopographyebla.html). Several volumes
concerned with the onomastic study of hundreds of personal names attested in the tablets are already available on-line. As of January 2015,
the volumes B, G, and K are freely accessible.

16 Buccellati 1982; 1990; Krebernik 1982; 1996; Rubio 2006; Sallaberger 2001.
17 Catagnoti 2012; see also Tonietti 2013.

18  Milano 1989; Pomponio, Xella 1997; Mander 2008.

19 Archi 1996d; 2002; Biga 1987; 2000.

20  Archi, Biga 2003, with previous references.

21 Milano 2003; Archi 2003.
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logical journals.* The problem of dating the tablets lies in the fact that at Ebla ‘year names’ are rare, and bear little
chronological significance to us, for a twofold reason: a) there are almost no duplicates of a given year name, b) the
event mentioned is often difficult to frame with certainties in a relative chronological grid (Biga 2003, 345-346).
Establishing reliable criteria for dating the tablets is thus a fundamental step in the analysis of the important histor-
ical developments that occurred over the roughly 40 years covered by the archives. Placing documents in a relative
temporal sequence allows in fact for a proper evaluation of political events, warfare, economic trends, and social
developments that would otherwise remain opaque to us. Anchor points in the relative chronology are provided by
prosopographical analysis. Through a detailed study of the content of the documents, scholars are in fact able to
identify a small number of crucial texts that can be safely put in relative chronological sequence. These include (but
are not limited to): lists of singers (nar) and of women belonging to the royal entourage (dam-en), mentioned with-
in large resumptive tablets (annual accounts of metal, monthly accounts of textiles); deliveries of goods to various
functionaries (most notably people belonging to the lugal-lugal class); texts bearing information on birth, wedding,
and death of known individuals; miscellaneous tablets and fragments prosopographically connected to the ones
just mentioned. Thanks to the progress in prosopographical research, it is now possible to establish the succession
order of the Ebla kings, their ministers and concubines, and frame major events in their proper historical setting.
The following table summarizes the data collected so far concerning kings and ministers.

King of Ebla Minister
> (1-2)
Arrukum (2-7)
Ibrium (1-18)
Ibbi-Zikir (19-35)

Irkab-Damu (7 years)

I$ar-Damu (35 years)

The Ebla archive is usually divided in sub-phases according to the mention in the texts of the relative ministers,
and not the ruling kings. This conventional subdivision is followed in the present article. As for the scope of this in-
quiry, I would like to focus here on the lists of singers (nar), as a case study for testing the potential of network analysis
in terms of reconstruction of a relative chronology. In two pioneering articles,” Tonietti was able to isolate a set of
texts, mostly concerned with allotments of textiles to various individuals, among which appear a group of singers,
sometimes classified as nar-mah and nar-tur, “chief” and “junior” singers respectively. Studying the variations in the
composition of these groups, and combining this datum with the mention of the chief ministers in some of the texts
(Ibrium and Ibbi-Zikir), she proposed to place the tablets in the following chronological order:*

ARET 3 498;

TM.75.G.1748 - TM.75.G.75.2455

ARET 3 260 - ARET 3 468

TM.75.G.1797 - ARET 3 127

ARET 3 320?

TM.75.G.2456

TM.75.G.10079 - TM.75.G.1761

TM.75.G.2364 - TM.75.G.1731 - TM.75.G.2332

Ibrium

22 Archi 1996b; 1996¢; 20005 Archi, Biga 2003; Archi, Biga, Milano 1988; Biga 1996; 2003; 2010, 20-22; Biga, Pomponio 1990; 1993;
Picchioni 1981; Pomponio 1987; Sallaberger 2001; Tonietti 1988; 1989a.

23 Tonietti 1988; 1989b. See also Archi 1988. Tonietti further discusses the social context and the historical implications of nar dossier in
a series of contributions: Tonietti 1997a; 1997b; 1997¢; 2010.

24  Tablets of uncertain periodization are marked by a question mark, ‘parallel” tablets (i.e. tablets having almost parallel sections concern-
ing the singers) by a tilde sign.
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ARET 18 - ARET 3 458 - ARET 3 519
TM.75.G.1224
ARET 16
T™M.75.G.1775
Ibbi-Zikir TM.75.G.17442
ARET 3 457
ARET 4 142
TM.75.G.1833
ARET 15 - ARET 8 531 - ARET 8 527

New fragmentary texts recently published can now be added to this dossier. These are: ARET 12 31, ARET 12
125, ARET 12 868, ARET 12 934, ARET 12 1294, ARET 12 1394.” For demonstrating the potential of net-
work approach toward cuneiform texts, it is instructive at this point to momentarily exclude these new additions
from our discussion, so we may check the results generated by the computer with those reached applying standard
prosopographical criteria. After this preliminary evaluation, we may turn back to the whole picture, and consider
how the new texts fit in the established scenario.

4. NETWORK ANALYSIS OF THE SINGERS” DOSSIER

The graph at Fig. 1 was produced using Gephi, running a modularity clustering algorithm with standard settings
in order to color nodes according to their community structure, and the Force Atlas algorithm to spatialize them.
The latter is an algorithm that applies physical models to the elements of the graph: each node attracts every other
nodes connected to it with a force proportional to the edge weight, and repels the others. Thus, strongly connected
nodes are close to each other, loosely connected nodes more distant, unconnected nodes far away.

The graph was also rotated as to align texts from left to right in rough chronological order (see below).
On the basis of the connections alone (i.e. without any further information concerning the relative dating of
the texts), the clustering algorithm identifies two groups of tablets (yellow and cyan nodes). This subdivision
overlaps almost entirely with the historical phases of the tablets, except for those on the very border between the
two groups (ARET 1 8 - ARET 3 458 - ARET 3 519, dated to the early Ibbi-Zikir). The clustering algorithm,
trying to framing these documents in one of the two communities, includes them in the yellow one, which
belongs to the tablets dated to Ibrium. This fact suggests that there is a continuity in the composition of sing-
ers’ groups that is not reflected in the political developments. This little historical datum is in fact very hard to
evaluate without the help of digital tools such as network analysis software. As for the solidity of the network,
the density measure reaches 0.946, suggesting a great continuity in the composition of the singers’ group. The
measure, being close to 1, implies that almost every node is connected to any other one. In turn, this means
that, at any given moment, the composition of the singer’s community does not vary too much. It is possible
to get a better quantification of the degree of change through time filtering out edges. The problem of finding
the minimal ‘core’ shared by all texts can be formulated in terms of finding what edge weight we can filter out
before the network shows disconnected nodes. In this specific case, edge weight varies from 1 to 27 (this also
means that there is at least one couple of texts sharing 27 individuals). The critical edge weight for our graph is
4. Assuming that each documents in our dossier belongs to a different yearly account (this seems in fact the case
for many of the texts discussed here), this implies that, at maximum, only the 14.8% of the group can possibly
vary from ‘year’ to ‘year’ (probably, not every year in our dossier is in fact represented). Nevertheless, one should
bear in mind that this figure refers to an ideal situation, that is, it assumes that we have at our disposal the to-
tality of information on this subject. As some of the lists contain brakes, it is possible that the critical weight is

25  ARET 12 27 mentions En-na-NI and En-na-NI-2 — both fairly common within the singers” dossier — in broken context, within a
list of personal names not otherwise connected with singers ([X]-NE-LUM, Gu-ba, and A-wa-i-sar). The text resumes in the next column,
mentioning X+22 textiles and 1 belt delivered to the junior singers. It is therefore unclear if this text belongs to the dossier discussed here.
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here overestimated. A detailed discussion of mortality rates at Ebla is beyond the scope of this article, but this
datum — if based on more internal and comparative evidence, including archaeological records — may support
future research on life expectancy in third millennium BC. Here, I may point out that the network graph also
shows a much more connected area in the right side, corresponding to the last phase of the archive. This implies
that the texts mention shared individuals more frequently than the earlier texts do (the presence of parallel texts
affect both groups). In other words, the composition of the singers group tend to stabilize over time. As for the
spatial arrangement of the tablets, it must be noted that the Force Atlas algorithm, albeit taking into consider-
ation the relative weight of the edges, is not capable of placing the nodes in the same chronological sequence
proposed by Tonietti (in the graph, time flows from left to right). Nevertheless, the order is not random: a clear
pattern emerges when comparing the sequence proposed by Tonietti, the discrepancies being reasonably few.
Actually, the chronological order of the text by Tonietti implies that some of the singers pass from the status of
chief singer (nar-mah) to junior singer (nar-tur), which is a rather perplexing fact (Tonietti 1989b: 127 n. 76).
This phenomenon affects precisely the ‘problematic’ texts ARET 1 8 - ARET 3 458 - ARET 3 519, discussed
above. Interestingly enough, the clustering algorithm prefers to include these texts in the early phase, a fact that
would remove the problematic nar-mah to nar-tur downgrade. In any case, the dating proposed by the algorithm
must be considered as approximate, as a number of possible perturbation factors in the spatial arrangement of
the nodes are to be taken in to account: breaks in the texts; omission of some personal names in lists for unclear
reasons (possibly due to sickness, travels, etc.); presence of multiple parallel texts mentioning a given group
versus only one mentioning another one, etc. Despite these uncertainties, I find this result encouraging: future
implementation of the algorithm may produce a more precise output. Let us now examine the network of per-
sonal names that is subsumed by the graph at Fig. 2.

In this graph, nodes represent personal names. If two individuals are mentioned in the same tablet (7.e.
they are part of the same group of singers), the nodes are connected by an edge. The thickness of the edges is
in this case proportional to the relative frequency with which two personal names are mentioned together in
different pairs of tablets. The size of the nodes is proportional to the relative frequency of the personal name it
represents. Thus, one can get an idea at a glance of the individuals that are mentioned more often in the archives.
It must be stressed that these are not necessarily the individuals that play a major role within the singer’s group.
This is evident scaling nodes according to their centrality degree (i.e. the amounts of other nodes connected to
them), as shown in Fig. 3. The new graph gives us a better visual idea of the most important nodes within the
singers’ network.

Some peripheral nodes are now larger in size, and the same applies to some central ones, such as the one re-
lated to BE-E and BE-SUD-HI, which are now as large as En-7a-NT’s node, which previously dominated the scene.
Note that the texts provide very few details on the internal structure of the group, except for the macro-indication
of ‘chief” and ‘junior’ singers. We can therefore appreciate the main actors with a higher degree of confidence. As
for the community detection, the algorithm again identifies two groups, corresponding to the two phases of the
tablets where the individuals are mentioned. Considerations similar to those brought forward for the chronological
subdivision of the texts apply: individuals are roughly spaced according to their relative chronology, even though
the sequence from left to right may be not always precise.

5. NEW ADDITIONS TO THE DOSSIER

We can now proceed adding the transliterations of the new texts identified as belonging to the singers’ dossier and
run again the Perl script that outputs the network file. The result is shown in Fig. 4.

The graph is substantially identical to the one produced before. It is slightly less connected (density 0.833),
due to the fact that new documents, all fragmentary, provide only partial lists, the name of many singers being
broken. Hence, the new texts share less connections with the remaining documents, which instead provide almost
complete lists. This consideration also explains why the corresponding nodes are all positioned in the periphery of



EXPLORATORY ANALYSIS OF CUNEIFORM ARCHIVES 145

el

0036)

Fig. 1. Network distribution of texts
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produced using Gephi, clustering by
modularity algorithm, spatialization by
Force Atlas.
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Fig. 2. Network distribution of personal
names in the singers’ dossier. Size of the
nodes is proportional to the relative fre-
quency of personal names.
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Fig. 3. Network distribution of personal names in the singers” dossier. Nodes are scaled according to their relative degree. Arrows have been
added to the original graph to mark some of the most notable changes when compared to the graph in Fig. 2.

the graph. The modularity algorithm recognizes again two separate communities, which correspond to the ones
seen above. Two of the new tablets are placed in the yellow cluster (ARET 12 31 and ARET 12 1294, the latter on
the border with the cyan cluster), and four in the cyan one (ARET 12 1394, ARET 12 868, ARET 12 125, ARET
12 934). We can now briefly proceed to a check based on classic prosopographical analysis.

- ARET 12 31 only contains one personal name, namely Wz-ad-ra-im, which in fact disappears from later
lists;

- ARET 12 1294 mentions three persons that belong to the core group, two individuals who disappears from
later lists (/-Sar-ma-lik and En-na-da-gan), as well as a certain A-bii-ma-lik, who is missing in the earliest
lists, but always present otherwise. It is the mention of this individual that probably causes the node to be
placed in the transition between the two phases;

- ARET 12 1394 only contains the personal name Ba-du-lum. As this is found in texts of both phases, it is
impossible to assign with certainty the text to one group or another. However, since the documents from
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Fig. 4. Network distribution of the texts belonging to the singers’ dossier, including recently published texts. Arrows have been added to the
original graph to mark the new additions.

the second phase mention this individual more frequently, the node has more connections with the cyan
group, and it is therefore assigned to it;

- ARET 12 868 mentions, besides individuals belonging to the core group, several individuals not present
in the earliest lists (En-na-‘ra-sa-ap, Ib-dur-da-gan, I5-la-N1, Mi-na-N1, Ni-zi-ma-NI, Sa-ma-hu). The doc-
ument must in fact belong to the end of the second phase, as [5-/2-NI is mentioned here as nar-mah, as
opposed to nar-tur in previous texts. In this regard, it is worth noticing that the node is in fact placed among
the rightmost ones;

- ARET 12 125 contains two personal names (Dub-bi and ’A-b7), who are again missing in the earliest texts.
The fact that the node is placed on the rightmost end of the graph is due to the fact that, having few personal
names, this text is only loosely connected to the core;

- ARET 12 934 mentions Ba-sa-Sa-su, missing in the early texts, as well as Ma-ga-du, attested only in the most
recent documents of the dossier. This tablet also mentions /-bi-zi-kir, a fact that confirms the dating to the
second phase.

In conclusion, all new additions discussed here have been correctly dated by the modularity algorithm,
although the dating of one fragmentary document, mentioning only one individual, merely relies on statistical
probability rather than on certain prosopographical connections. The old graph was only marginally affected
by the newly attached nodes. This is no doubt due to the fact that the starting network was very solid (density
close to 1).
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6. THE NETWORK APPROACH: ADVANTAGES, LIMITATIONS, APPLICATIONS

When dealing with thousands of documents it is somehow difficult to appreciate at a glance the ‘sense’ of a given
archive, besides general considerations about the amount of tablets belonging to various categories (administrative
texts, letters, literary texts, etc.). The description of cuneiform archives is in fact usually limited to salient aspects
of their content, such as linguistic features, people involved in the records, etc. This practice is dictated by the fact

Fig. 5. Network graph of all texts presently included in the EbDA database.
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that in most cases the archaeological context of cuneiform archives is either lost or very roughly known. In addition,
it is hard to evaluate the cohesiveness of the individual typologies: how many documents can be grouped together
on the basis of internal evidence? How many dossiers can one build out of the available data? Network analysis
allows scholars to deal with these complex and somehow complicated data, providing a key to spot trends that may
otherwise pass unnoticed. It also greatly facilitates prosopographical studies, as it helps visualizing the relationships
between individuals and social groups. The big limitation in this kind of studies lies in the fact that manually pre-
paring the files to generate network graphs and relative statistics takes a huge amount of time. To bypass this issue,
Assyriologists of the digital era need to think back at the way they transliterate texts. Adding semantic information
may in fact allow for the creation of reliable scripts that generate network graphs without the need of manually
producing matrixes. As administrative cuneiform texts are often formulaic, it is even conceivable to prepare a script
that parses current transliterations and recognize patterns, such as sequences of personal names followed by their
title. The author of these lines is presently testing such possibility, which may open up new ways of approaching
cuneiform texts. For the time being, I would like to put forward some thoughts on how to use network analysis and
scripting to achieve some preliminary results.

The graph at Fig. 5 is the result of processing EbDA transliterations with the Perl script discussed above. The size
of the network, containing 3,012 nodes and 198,086 edges, makes the graph look like an almost impenetrable cloud.
Its density is actually rather low (0.044), due to the fact that several nodes are disconnected from the network core.
These are represented in the form of a large dim corona of orphan nodes surrounding the central area.

At present, the modularity algorithm recognizes four large clusters: red, composed by 27.32% of the total
nodes; yellow, 18.53%; cyan, 17.03%; purple 6.94%. A fifth one (green) is too small to be visible in the photo,
made of 1.13% of the total nodes. Interestingly, this clique is internally very well connected, and it is therefore
discussed below. Before we proceed investigating the ‘identity’ of these communities (i.e. their possible subdivision
in communities and textual typologies, as well as their possible chronological subdivision), some general remarks
are in order. Clearly, the graph is provisional as the algorithm suffers the limitation described above, namely it is
incapable of deciding whether two identical personal names belong to one and the same individual (this is in fact
what the script assumes), or if two (or more) namesake individuals are involved instead. In addition, possible vari-
ant spellings in the name of a same individual are not considered. However, we can bypass to some extent both lim-
itations via edge filtering. This is a technique we may use to remove from the network graph all edges that happen
to have a weight below a given threshold level, defined by the user, as well as all nodes that become disconnected
after the filter is applied. Filtering out loose connections is equivalent to discard from our analysis tablets that share
few personal names. The remaining nodes in the network represent documents that mention the same consistent
groups of persons. In other words, we shift our point of view from individuals to human groups. The price to pay
is losing potential information on bridges, i.e. individuals that may connect otherwise disconnected areas of the
network. This is however tolerable if we keep in mind that the focus is now on communities composed by more
than one individual. The benefit of this approach lies also in the fact that we may spot possible joins of fragmen-
tary tablets via network analysis, as described in the next paragraph. As setting the threshold level is an arbitrary
process, it is advisable to proceed by small incremental steps. Thus, we may start excluding tablets that only have
one personal name in common, then two, three, and so forth. As for the EbDA network graph, one notes that the
first three steps in the progressive filtering by edge weight — corresponding to the exclusion of tablets sharing three
personal names at most — produces substantial changes in the graph. On the contrary, there is little difference in
filtering out documents that share four or five personal names. In this case, the graph remains almost unchanged,
as illustrated in Fig. 6.

Hence, for the purpose of the present analysis it seems advisable to stop the process at threshold 4 (i.e. con-
sidering documents that share 4 or more individuals). At this point, one notes that cyan and yellow communities
are still fairly represented, as opposed to purple and red communities, that are instead massively affected by the
filtering process.
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Fig. 6. Progressive filtering by edge weight of the EbDA network graph. Upper left corner: threshold 2 (only tablets sharing 2 or more indi-
viduals are visualized); upper right corner: threshold 3 (=3 or more individuals); bottom left corner: threshold 4; bottom right: threshold 5.
Edges” weight has been rescaled in order to make the cloud less dense, and nodes more visible.

This implies that, on the average, the individuals mentioned in the documents belonging to the cyan and
yellow clusters form more cohesive groups. This is equivalent to say that the purple and red groups are instead more
varied in composition. For further details, we shall now proceed to a brief description of the tablets composing
these communities. Let us therefore take a closer look at the resulting graph, shown in Fig. 7.

A cursory examination reveals that these communities do represent textual typologies. The yellow cluster is al-
most entirely composed by texts published in ARET 15, which are monthly account of textiles belonging to the period
when Arrukum was minister.”® The red cluster is composed again by allotments of textiles (or wool and textiles), mostly

26 ARET 15 nos. 5,7, 15, 40, 19, 29, 31, 34, 35, 42, 47 et passim.



EXPLORATORY ANALYSIS OF CUNEIFORM ARCHIVES 151

textiles — Arrukum

B textiles — mostly Ibrium

1 textiles — mostly Ibbi-Zikir

B silver, textiles, cattle — mostly Ibbi-Zikir
M alimentary items — Ibbi-Zikir

Fig. 7. The EbDA network filtered as in step 3 of the previous figure. Clusters can now be checked against the actual content of the tablets. In
this graph, time flows from right to left. Note: the light green blob in the center of the graph is the result of superimposition of cyan and yellow
edges. The actual green cluster is on the middle left part, protruding out of the cyan and purple intersection (see Fig. 8 for a magnified view).

datable to the period of Ibrium.”” The cyan cluster is equally concerned with textiles, and is composed by texts mostly
dating to Ibbi-Zikir.?® The purple cluster is instead miscellaneous in content, including allotments of silver, textiles, and
cattle, alimentary items, as well as some ‘chancellery’ texts, roughly datable to the period of Ibbi-Zikir.?’ Finally, the
documents belonging to the green cluster are concerned with alimentary items, again roughly datable to the period of
Ibbi-Zikir.* In the light of these facts, it appears that time in our refined network graph flows from right to left, and

27  ARET 3 nos. 215, 471, 588, 800; ARET 4 13; Mee 12 18, ez passim.
28  Texts mostly published in ARET 8: cf. nos. 522-525, 529, 533 et passim.
29 ARET 16 nos. 16, 26; ARET 9 80; ARET 3 941; MEE 12 nos. 5, 28, 41 ez passim.

30  All texts in this cluster have belong to archive L.2712, and have been published in ARET 9, cf. nos. 37-39, 41-43, 47, 48, 50-51 et
passim. The preliminary chronological evaluation offered above is merely based on a cursory prosopographical analysis of other documents
within this archive (cf. for instance the frequent mention of Ibbi-Zikir and of people related to him, also on the occasion of trips). According
to Archi (1996, 64-65), the tablets cover a time span of roughly 3 years. A more precise dating of this archive will become possible once all
tablets from L. 2712 are published.
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Fig. 8. Close up view of the green cluster protruding out of the network core. All texts concern food rations to the court personnel.

from top to bottom. The starting assumption that documents in the graph would be roughly spaced according to their
chronology is therefore again confirmed. Going back to the small green cluster of texts, which was not visible in the
all-inclusive graph shown in Fig. 5, one notes that it is still present, regardless of the filtering process. Its persistency is
in fact remarkable, especially in the light of its small size. A magnified view of this little dossier is presented in Fig. 8.

The texts of this community belong to the so-called provision archive, found in L. 2712 (see above). The
documents concern alimentary products, and are all published in the ARET 9 volume. The crucial éridge in our
graph is ARET 9 44, connecting this group of texts to the cyan community. The document records an allotment of
barley rations to the queen and other female personnel (dam en, dam-en tur, dam dbba), as well as a group of indi-
viduals referred to as ib-ib-officials. Their presence provides in fact the connection to the network’s core. This cru-
cial tablets is therefore important to us, as it clarifies the role of the ib-ib-officials in terms of supervisors of female
personnel, as well as how groups of high-status women, which would otherwise belong to a completely different
sphere of administration, fit in the general context of the Eblaite ration system.’' More tablets in our graph would
deserve a better treatment that can possibly be provided here, as they seem to represent crucial points of passage in
between various clusters, as for instance ARET 1 8, visible in Fig. 7 in the center of a cyan, yellow, and green vortex
(the light green area surrounding it is the result of superimposition of yellow and cyan edges).

31  On these officials see also Milano 1987, 546-547.
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7. JOINS PROPOSAL

As a corollary to the fact that the tablets are grouped according to the personal names attested in them, it is possible
to easily spot parallel texts, or at least texts having parallel sections, when the edge weight is significantly high. Let
us consider the following scenario: text A is complete, mentioning four individuals (PN, ), whereas texts B and
C are both fragmentary, and mention respectively PN and PN, . It is likely that B and C originally belonged to
the same tablet, parallel to A. In network terminology, joins are expected to occur at the periphery of local cliques.
The probability for two texts to join rises proportionally to the total number of personal names in common. In our
network graph, these nodes will be relatively close to one another, the weight of their edges being proportional to
the individuals shared by the texts. Note that for the purpose of establishing joins via prosopographical connec-
tions, it is better to keep variant spellings of the same personal name distinct. In fact, it seems unlikely (albeit not
impossible) that the same scribe would spell the same name in two different ways on the same tablet. Unfortunately,
I don’t have access to photos of the fragmentary tablets, so the following joins remain hypothetical. Note that in
this list the same text fragment may be mentioned more than once, depending on the fact that multiple parallels
suggesting the joins may in fact exist.

Parallel text suggesting the joins | Groups of possible joins | PNs in common with parallel
ARET 12 232 11
MEE 12 19 ARET 12 699 8
ARET 12 1001
ARET 12 232 7
MEE 12 35 ARET 12 699 12
ARET 12 937 7
ARET 12 977 7
ARET 12 232 7
ARET 12 298 7
MEE 12 36 ARET 12 343 7
ARET 12 373 7
ARET 12 699 13
ARET 12 699 11
MEE 12 37
ARET 12977 8
ARET 12 232 8
ARET 12 699 8
ARET 13
ARET 12 936 8
ARET 12 1411 7
ARET 12 120 8
ARET 12 232 7
ARET 12 373 7
ARET 12 699 11
ARET 12 868 12
ARET 15 ARET 12 934 18
ARET 12 936 14
ARET 12 937 8
ARET 12 949
ARET 12 1001
ARET 12 1411 10
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ARET 12 18 7
ARET 12 232 9
ARET 12 373 8
ARET 18 ARET 12 699 9
ARET 12 868 7
ARET 12 934 11
ARET 12 1411 7
ARET 12 232 7
ARET 12 373 8
ARET 111
ARET 12 1001 8
ARET 12 1043 8
ARET 12 232 7
ARET 117
ARET 12 1001 9
ARET 12 868 11
ARET 3 457
ARET 12 936 7
ARET 12 699 7
ARET 3 458
ARET 12 934 10
ARET 12 232 7
ARET 12 298 7
ARET 12 373 7
ARET 12 699 12
ARET 4 1
ARET 12 934 14
ARET 12 936 10
ARET 12 949 7
ARET 12 1411 13
ARET 12 232 10
ARET 12 373 7
ARET 42 ARET 12 699 8
ARET 12 934 8
ARET 12 1001 7
ARET 12 232 7
ARET 12 934 7
ARET 43
ARET 12 937 7
ARET 12 1001 7
ARET 12 232 7
ARET 45 ARET 12 699 7
ARET 12 977 7
ARET 12 373 8
ARET 12 699 14
ARET 46
ARET 12 934 9
ARET 12 936 7
ARET 12 298 8
ARET 47
ARET 12 699 13
ARET 12 232 13
ARET 12 343 9
ARET 4 11
ARET 12 1001 10
ARET 12 1043 10
ARET 12 232 7
ARET 4 12
ARET 12 1043 7
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8. CONCLUSIONS AND FUTURE PERSPECTIVES

In this paper, I tried to demonstrate how a network approach combined with Perl scripting can be beneficial to
our understanding of the complex (sometimes complicated) social relations attested in a large archive of cuneiform
texts. At present, it is impossible to achieve results in terms of comparative quantitative analysis, due to the paucity
of published material on this subject. I have little doubt that more studies centered on network analysis will appear
in the next years. When a critical mass of data is available, it will be possible to look back at the Ebla evidence, and
better appreciate the local administrative patterns in the light of contrastive data from other sites and time periods.
Also, future research will hopefully provide new tools for speeding up the process of network creation via scripting.
In this way, it will become more and more simple to adopt quantitative methods for the study of large data sets. The
downside of network research lies in the fact that the time required to manually build the matrixes may be over-
whelming. Scripting in Perl (or any other scripting language) may provide the solution to this problem. Scripting
is unfortunately a poorly known technique among Assyriologists. However, its impact on the field of cuneiform
studies can hardly be underrated. Compiling sets of instructions for dealing with thousands of formulaic texts may
in fact provide the key for future studies on complex social systems. In the meanwhile, it is still possible to use net-
work analysis to achieve several goals: producing virtual dossiers of texts; promote exploratory data analysis; frame
texts within a relative chronological grid; find joins of fragmentary texts via network connections. It must be noted
that the graphs I have built for this paper are texts networks, based on the Ebla tablets in digital format presently
included in the EbDA database. Other choices can be made. For instance, one could easily adapt the script to
work on toponyms. In this case, one could build dossiers of texts which may be informative of the developments
in historical geography. To an extreme, one could also process standard Assyriological transliterations, 7.e. with no
special encoding, considering every single word as a separate unit. The resulting graph will show those texts that
have more similarity in content in the network core. Pushing forward this analysis, one could even process material
readings of signs instead of properly transliterated words. This may be useful for those scripts and/or textual corpora
that are still poorly understood or simply undeciphered. As far as Ancient Near Eastern studies are concerned, the
obvious candidates for such approach would be for instance Uruk texts, Old-Elamite texts, and UD.GAL.NUN
texts. I am positive that approaching the documents according to these new methodologies will keep stimulating
creative approaches toward ancient texts, facilitating the emergence of fresh ideas, and new ways to look at the past.

Abbreviations

ARET Archivi Reali di Ebla Testi
EbDA project Ebla Digital Archives
MEE Materiali Epigrafici di Ebla
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