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Introduction

Theoretical background

Due to their abundance in archaeological layers (often 
as shards) and their short life span (Demoule, 2009), 
ceramics have, since the beginning of archaeology, 
represented one of the most detailed typological 
series of Later Prehistory (Neolithic to Iron Age) and 
more broadly of pre-industrial societies. While generic 
forms of ceramics (defined by the maximal aperture, 
height, width and width of the wall) depend on their 
functions (store, cook, consume) and show typological 
convergence through time and space, a large degree of 
freedom is allowed in the addition of plastic elements 
(pedestal base, carination, rolled rim, etc.) and 
decorations (vertical grooves, roll-wheel impressions, 
colours, etc.). The isochrestic variation (Sackett, 1990) 
assumes that the more complex an artefact is, the less 
likely it is that two different cultures use the same 
combination to reach the same result. The respective 
choices, within a tradition, are synonymous of the 
notion of ‘style’. These ‘styles’ have a classificatory value 
(etic value) and a potential emic value that participate 
to the identification of cultural facies (Le Quellec, 1998), 
even if the granularity of these facies is variable (Dietler 
and Herbich, 1994). Ceramic decorations, because they 
are largely disconnected from technical constraints, 
are data of prime importance in recognising different 
‘styles’.

Despite their omnipresence in archaeology, decorations 
are still relatively unexploited; multivariate analyses 
are often the culmination of the statistical process and 
spatial analyses of graphical patterns is commonly 
scarce (see for example Desenne, 2003). At the graphical 
units level (the thinnest elements of the decoration), 
typologies are usually developed with families (or types) 
divided into varieties (or subtypes). But, the gathering 
of graphical units into one — rather than another — 
family is often empirical, especially for schematic 
shapes. Furthermore, the proximities between these 
families (inter‑variability) and within these families 
(intra-variability) are generally not calculated (Figures 
1 and 2). 

Van Berg (1994) proposed a methodology, inspired 
by linguistics, to study decoration of Linear Pottery 
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Abstract
As with geography, ceramic decorations are essentially spatial organisations of features. Therefore, they should be analysed with 
spatial indexes. But spatial analyses, at the shard or the complete ceramic scale, are often difficult to set up, mostly because of 
the contiguity of graphical features.
This paper presents a new method to record and analyse ceramic decoration. We use graph theory, with a GIS interface and 
Python programming, to analyse ceramic decoration in a bottom-up process. A priori definitions are minimal and only concern 
elementary units (morphological, graphical and plastic) which compose the ceramic.
The studied corpus is composed of ceramic decorations belonging to the Mailhac I facies (Late Bronze Age), characterised by 
complex figurative compositions. Each decoration — complete or fragmented — is considered as a spatialized network (i.e. 
geometric graph). Graph theory provides tools to record and measure proximities between units and normalised indexes to 
compare different decorations, whatever their completeness. The GIS offers a graphic interface and ensures the correctness of 
spatial relationships between these units. The typology of these units is realised in a hierarchical oriented graph. This structure 
allows processes of generalisation (going up the tree) and specification (going down the tree), permitting comparison between 
units with different kinds of resolution and/or complexity. The method presented here can be used for other types of mediums 
(statuary, rock art, etc.).

Keywords: ceramics, decorations, network analysis, graph theory, GIS, python

composition level description
patterns organisation of graphical units
figures organisation of patterns
decorative scheme organisation of figures

Table 1. Schema of Van Berg’s grid of analysis for the 
different levels of composition of graphical units in the 

decoration (after Van Berg, 1994). The decorative scheme is 
the decoration.

Mieko Matsumoto and Espen Uleberg (eds) 2018. CAA2016: Oceans of Data
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Figure 1. Seriation of ceramic decorations in the South of France during the Late Bronze Age (after Carozza, 1997, detail). (1) 
Most basic elements considered, graphical units (‘stairs’, ‘lines’, ‘crosses’, etc.), are already a grouping of geometrical shapes. 
Inter-variabilities between these groups of decorations are not evaluated. (2) Seriated data frame based on presence/absence 

of these groups of decorations.

Figure 2. Typological data frame of the decoration units (after Gómez de Soto, 2003). Each row represents a type (xiv: stick 
signs with bifid extremities, xv: anthropomorphic, xvi: barbed signs, xvii: pectiniform signs, xviii: zoomorphic). Each column 
represents a regional variation of this type (1: Rhone region, 2: Bourget lake, 3: Western centre, 4: Languedoc and Catalonia, 

5: Massif Central, 6: East of France). In each of the frame’s cells (for ex., cell xiv, 4), variability of the type is illustrated by 
examples. Intra‑variabilities within a cell, and inter-variabilities between cells of the same row, are not calculated.
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ceramics (LBK culture). However, application of this 
methodology to these ceramics only led to qualitative 
results. Van Berg considers two levels of analysis: the 
study of graphical units and the study of organisations 
of these graphical units. The first are likened to a 
vocabulary, the second to syntax or grammar (Table 1).

In France, Van Berg’s ‘systemic’ methodology has 
inspired various scholars, who developed quantitative 
approaches to study ceramic decorations (among 
others Gallin, 2011; Manen, 2000). But in these studies, 
the schematism of graphical units, the difficulty of 
characterising them, the variability of decorations and 
the fragmentation of ceramics have represented real 
obstacles. For most detailed analyses, application of 
this methodology, or a similar methodology, has led to 
tedious descriptions and overly numerous categories, 
with high probabilities that most of them will be 
represented by a unique element (Figure 3). 

As said previously, definition of different levels of 
organisation for graphical units was inspired by 
structural linguistics. At first, this distinction was useful 
to study rock art, like Palaeolithic cave paintings (Leroi-
Gourhan, 1992) but, despite its theoretical interest, this 
approach is, in practice, not adequate. Language and 

writing (subjects of linguistics), are linear sequences 
of semantic units. This linear sequence is known as 
the ‘syntagmatic axis’ where units follow each other 
(in column, in line, in boustrophedon, etc.) while the 
‘paradigmatic axis’ refers to the signifiers of each of 
these units. Graphical units have spatial relationships 
that spread in different directions, and not only linearly. 
Whereas spatial analyses can be difficult to implement, 
due to the need for measurements (distances, 
directions, etc.), graph theory offers a heuristic tool to 
study ceramic decorations. 

Research questions

We principally applied the tool to the decorated ceramics 
of Mailhac I, a Late Bronze Age facies (Bronze final IIIb, 
ca 900–750 BC) concentrated in the South of France 
(Languedoc) and North–eastern Spain (Catalonia). 
This ceramic facies is characterised by rectilinear 
geometrical and figurative decorations realised with 
a double tip instrument. Similar decorations, made 
with a single tip, occur also in France (Western centre 
and East). The semantic complexity of some of these 
decorations has led to hypotheses linked to a probable 
narrative function of the decoration: a mnemonic 
means to preserve myth structures (Zipf, 2006) or social 

Figure 3. Compilation of Gallin’s typology of Kobadi’s ceramic compositions (after Gallin, 2011). Definition of a priori classes 
leads to a considerable amount of descriptions at all levels, for motifs (patch pattern, line pattern, weave pattern, etc.), figures 
(banner, ribbon, pendant, inset, coverage, etc.) and location (near the rim, on the neck, on the upper part of the belly, etc.). A 
consequence is the massive use of infographic to schematise all cases; the archaeologists cut themselves off from the source 
drawings during the analysis process. Once again, definitions of the decoration’s location on the ceramic surface remain also 

largely qualitative; relations between different spatial configurations are not calculated.
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schemes (Gómez de Soto, 2003). Comparisons with 
hieroglyphic and alphabetic writings have also been 
made (Nicolas and Combier, 2009). 

Figuration (anthropomorphic, zoomorphic, etc.) 
appears in those regions, while ceramics of the rest of 
the European Bronze Age and the Early Iron Age are 
largely aniconic. The reasons for this reappearance are 
still poorly understood (Carozza, 1997). According to 
some scholars, the Mediterranean domain could be the 
inspiration for these figurations (Guilaine and Py, 2000), 
while others look towards the cultures of the North-
Alpine Rhineland-Palatinate, Switzerland and eastern 
France (RSFO) (Gómez de Soto, 1993) and some consider 
them as a local innovation (Zipf, 2006). The arguments 
— based on the existence of identical graphical units, 
forms of ceramics, etc. — for each of these hypotheses 
are equally valid,and so the cause of this reappearance 
remains unresolved. Furthermore, it is quite probable 
that no help will come from the cross‑dating of the 
elements of material culture (the chronological limits 
of ‘cultures’, ‘facies’, ‘periods’, etc. are too imprecise 
to detail this brief event), nor from the refinement 
of radiocarbon dating (the period partly belongs to 
the ’Hallstatt plateau’). Therefore, to progress in the 
understanding of the reappearance of figuration, we 
privilege an analysis of the semantic information firstly 
based on the signifiers. The purpose of our research is 
to go deeper in the identification of styles and typo-
chronology by understanding filiations (predecessors, 
parentage, etc.) of ceramic decorations.

Data and case study

The development of the methodology has been done 
principally on the ceramic decorations coming from 
the necropolis of Le Moulin (Aude, France) in West 
Languedoc. Excavated during the fifties, the ceramics 
of the necropolis are actually inaccessible. We were 
able to work only from drawings and descriptions, 
which were not always precise, particularly concerning 
the presence and situation of coloured pigments (red, 
white) in the decoration. In the monograph of the 
necropolis (Janin et al., 1998), drawings of ceramic 
decoration were not explicit concerning the total 
number of units present on the ceramic. We assume 
the information on which this reproduction is done by 
the archaeologist is sufficient although, in some cases, 
information has had to be extrapolated from drawings 
(Figure 4).

Geometric graph, a heuristic for ceramic decoration 
analyses

Graph theory (i.e. network analysis) offers a vocabulary 
and a conceptual framework to deal with notions of 
networks, relationships and neighbourhoods. A system 
can be represented by nodes connected (or not) to each 
other with edges. Each decoration, complete ceramic or 
shard, is considered as a graph. Each node, called here 
a unit, has a type (for example, horse, vacuum, handle, 
etc.) belonging to the decoration (plastic and graphical 
units), or to the shape (morphological units) of the 
ceramic. Relationships between units are modelled 

Figure 4. Equivalent graphs for the decorated ceramic from tomb 17 of Le Moulin necropolis, Late Bronze Age (Aude, France). 
Original document where only a quarter of the ceramic surface is presented (left, side view) and supposed topview from the 
same document. The ‘stair’ is assumed to be present six times on the whole ceramic (right, top view). Red nodes: graphical 

units; grey nodes: morphological units; blue nodes: plastic units).



315

T. HUET:  Geometric Graphs to Study Ceramic Decoration

qualitatively: an edge exists between two nodes when 
they are close one to the other (see below). At first, 
there is no need to know precisely the centimetre 
distance and azimuth between two or more units. An 
important piece of information is the understanding 
of the neighbourhood of a given unit. Secondly, 
measurements between units can be calculated in the 
GIS (scaled and oriented). 

According to Tobler’s spatial fundamental law, 
‘everything is related to everything else but near things 

are more related than distant things’ (Tobler, 1970). In 
graph theory, Tobler’s ‘everything’ is the graph itself 
with its global indexes (connectivity, distribution of 
connections, etc.), equivalent in geography to Second 
Order Neighbourhood Analysis, while the ‘near things’ 
are local indexes of nodes and edges (locations in the 
graph, neighbourhoods, etc.), and equivalent to First 
Order Neighbourhood Analysis.

Nodes are spatialized in the GIS as a shapefile (.shp) of 
points. In parallel, a list of connections between these 

Figure 5. Schema of the workflow. The GIS interface (QGIS) permits us to maintain a permanent link with the original 
decoration. The Python libraries used to manage the layer of nodes (a shapefile) are mostly ‘ogr’, ‘fiona’ and ‘shapely’. The text 
file, where edges are recorded, is managed with the ‘csv’ library. The drawing of the decoration, a raster file, is managed by the 
‘Image’ library. The graph is created and analysed with the ‘networkx’ library. Connection with the PostGIS database, to store 

data, is handled by the ‘psycopg2’ library.
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nodes is written in a text file (.csv). For each decoration a 
single shapefile for nodes and a single text file for edges 
are created. Programming offers the possibility to mix 
GIS, graph theory and database in a single interface. We 
used Python (v. 2.7), a multi-paradigm language, with 
its numerous libraries (Figure 5).

A characteristic of graph theory is that, unless 
otherwise specified, the only important thing is how 
nodes are connected. As a result, there is no rule for 
their representation (Mathis, 2003). This allows us 
to register drawings realised in different manners: 
front view, top view, unfolded view, etc.(see Figure 4). 
For the spatialized units, and the definition of their 
relationship, we assume that two or more units share 
an edge (i.e. are connected) when there is no other unit 
between them. In other words, a link exists when their 
Voronoi cells are contiguous. This can be represented 
as a partition of the whole space of the decoration 
(Figure 6).

Type of Units 

Ceramics can be considered as a set of morphological 
features (type of rim, neck, shoulder, etc.), plastic 
features (like handles) and graphical features. 
Therefore, to record and analyse ceramic decorations, 
we distinguish three types of Units (U): Morphological 
Units (UM), Plastic Units (UP) and Graphical Units (UG). 

These units (UM, UP, UG) are the most basic and only 
elements needed for the study of ceramic decoration. 
The decoration could therefore be considered as 
a 3-mode graph. Typology of the units is recorded 
in a single text file (.csv) where each line records a 
predecessor and one of its successors. This hierarchical 
structure is a particular case of a directed graph; it 
is a tree where units share an edge with only one 
predecessor. For example, these three lines: ‘U;UM’ and 
‘U;UP’ and ‘U;UG’ are interpreted as: ‘types UM, UP and 
UG are subtypes of U’ or ‘UM, UP and UG inherit from 
U’ (Figure 7).

As said, each successor inherited from its predecessors. 
This allows a dynamical and recursive definition of 
each unit. For example, a ‘horse’ is defined as Figure 8.

This hierarchical structure permits comparison 
between ceramics with different kinds of resolution 
by a process of generalisation (by going up the tree) or 
specification (by going down the tree). The typology of 
units can easily be changed, by a simple editing of the 
text file, and employed for other bodies of material.

Morphological Units (UM)

We define the UM as continuous parts of the ceramic 
support. A given type of UM is only represented once 

Figure 6. Complete process of composition recording for a decorated shard from Tonnerre I (Hérault, France), Late Bronze 
Age. 1: Opening of the drawing in QGIS and recording of the graphical units as a shapefile of points; 2. Vectorisation of the 

drawing (a raster) with Python’s ‘osgeo.gdal.Polygonize’; 3. Voronoi cells for the vectorised graphical units. Voronoi cells are 
synonymous with Thiessen polygons and equivalent to the mathematical morphological operator SKeleton by Influence Zone 

(SKIZ). Any location inside the Voronoi cell is closer to its graphical unit than any of the other sample points. The dual graph of 
a Voronoi diagram is a Delaunay triangulation for the same set of nodes; 4. Result of the geometric graph recording with labels 

showing the types of nodes; those which share a limit of their Voronoi cells will also share an edge in the geometrical graph 
(red nodes: graphical units, grey nodes: morphological units).
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Figure 7. The upper part of the hierarchical typology (top 
of the tree) showing the three types of units used in the 

decomposition of decorations. The graph is handled with the 
library ‘networkx’, images with ‘Image’ and the spatialisation 

library is ‘pygraphviz’.

1	 definition={	 U:”unit”,

2			   UG:”graphical ‘U’”,

3			   figurative:”figurative ‘UG’ “,

4			   zoomorphic:”’figurative’ representing an animal”,

5			   quadruped:”’zoomorphic’ with 4 legs”,

6			   horse:”’quadruped’ having a horse shape”}

Figure 8. Example of a 'horse' definition ('horse' sub-graph) in a Python dictionary called definition. A dictionary is composed 
by keys (left of the colons) and values (right of the colons). The definition dictionary is browsed and the text present in simple 
quotes (for example, 'U' at line 2) in the field value is recognised with Python’s regular expression library ('re') and replaced by 

the value which has the same key. For example, the developed expression of horse is a 'graphical unit figurative representing 
an animal with 4 legs having a horse shape'.

on a ceramic. For example, there is only one ‘neck’, one 
‘base of neck’, etc. (Figure 9).

Two particular UM need to be commented: ‘high’ and 
‘NA’. Ceramics are mostly surfaces of revolution rotated 
around the z‑axis, meaning that most distinctive 
information of the ceramic surface will refer to the 
z‑axis. The ‘high’ unit is useful when the rim is missing 
but the shard can be oriented; an identical solution 
would have to declare a ‘down’ unit. The ‘high’ unit 
allows us to recognise the top of the ceramic and gives 
information about the location of graphical units on the 
ceramic surface. The ‘NA’ unit (i.e. No Data) informs us 
about the entirety of the ceramic. When a ceramic has 
a ‘NA’ value, it is incomplete. The ‘NA’ unit permits us 
to control the ‘edge effect’ which appears for features 

placed near the border of the region of interest (ROI); 
information on their neighbourhood is partly missing. 

Plastic Units (UP) 

Distinction between UM and UP is not necessarily 
evident. For example, carination could be considered as 
a plastic unit (UP) while handle could be considered as 
a UM. Therefore, the distinction between UM and UP is 
made according to whether it is possible to have more 
than one of these units on the ceramic. If so, units will 
be considered as UP (for example, ‘handle’ and ‘hole’). 
Similarly, ‘groove’ could be considered as UG (Figure 
10).

Graphical Units (UG)

As noted, UG’s decorations are the most complex to 
individualise and record. The registration grid for 
the UG attributes present here is a balance between 
an explicit but long coding and a short coding with 
different rules of transformation (like translation, 
rotation and homothety). In most cases, we choose 
the second solution with a minimum of UG types, and 
a minimum of variables. We created one field for the 
UG typology (Type), one for its rotation (Orientation), 
one for its homothety (Auto), two for its translation 
in column and/or in line (Nb_col, Nb_lin), and three to 
record the missing data of its homothety (Incomp_Auto), 
of its translation: in column (Incomp_Col) and in line 
(Incomp_Lin). These latter fields are set to 1 when part 
of the graphic information is lacking.

Description of the UG’s variables

Two contiguous UG are said to be different when they 
have, at least, a different value in one of these fields: 
Type, Orientation, and Auto.

Type

Graphical units (UG) are divided into two main 
categories: geometrical, the most common (Figure 11), 
and figurative (Figure 12).
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Figure 11. The ‘geometrical’ subgraph (subgraph of UG).

Figure 10. The UP subgraph.

Figure 9. The UM subgraph. Each element is a specification of its predecessors. Here, for example, ‘rim’ and ‘base_of_neck’ are 
specifications of ‘neck’ because the ‘rim’ and the ‘base_of_the _neck’ belong to the morphological unit ‘neck’.

At the same level in the typology tree (i.e. family 
intra-variability), distances between UG are calculated 
taking into account presence/absence of attributes 
(for ‘anthropomorphs’: position of arms, head, 
etc.), addition of colours, technique (adjunction, 
impression, etc.), etc., using Factorial Analysis (FA) or 
MultiDimensional Scaling (MDS). With the ‘figurative’ 
and ‘geometrical’ subgraphs, a third one, called ‘other’, 
has been created to record particular cases: ‘vacuum’ 
(empty), ‘undeterm’ (undetermined, unsolvable), 
‘to_determ’ (undetermined, potentially solvable). A 
‘vacuum’ is recorded between two or more UG when 
there is a surface that remains empty despite a sufficient 
area to draw one of the contiguous UG; ‘undeterm’ and 
‘to_determ’ are useful for the (probable) corrections.
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Figure 12. The ‘figurative’ subgraph (subgraph of UG).

Orientation

Synonym: rotation.

The default orientation of a graphical unit is given 
in the typology tree. Each quarter of rotation (clock 
rotation) is indexed by a different integer from 0 
(default orientation) to 3 (oriented to the left) passing 
through 1 (turn to the right) and 2 (turn downwards). 

Auto

Synonyms: homothety, change of scale, nested.

When a figure is repeated with amplification/
reduction, and a low translation, the number of these 
amplifications/reductions is recorded in the field Auto. 

Matrix variables (nb_col × nb_lin)

Synonyms: repetition by translation.

Two columns record the translation process: Nb_col, Nb_
lin. When an UG is repeated various times, in column 
or in line, the number of repetitions is recorded in a 
matrix. By default a single UG has a 1 × 1 matrix.

Equivalent cases

When geometrical graphical units are contiguous, 
figure determination can be ambiguous (Van Berg, 
1994), and therefore there can be several ways to 
register them (Figure 13). For those cases, when two or 
more coding could define the same figures, classes of 

equivalence are recorded in the Python script and read 
during the graph analysis (Figure 14).

Study of composition

As already noted, combinations (patterns, figures, 
etc.) and locations (near the rim, above the carination, 
etc.) of units are not recorded with a priori qualitative 
categories, but recovered after the analysis of the 
spatialized graph. There is no need to present all 

Figure 13. Two ways (A and B) to code differently the same 
pattern of UG. A: two columns of three ‘chevron_simple’, the 

first turned to the left, the second turned to the right; B: a 
column of three ‘cross_buck’.
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Figure 14. Pseudo-Python code to recognise if the same pattern of UG has been coded differently for a given graph (see Figure 
13 cases A and B). Firstly, we suppose that case A and case B do not exist in the graph (lines 1 and 2). Case A is declared as a 

Python list of tuples where the first variable of the tuple is the type and the second its orientation (lines 3 and 4). Both cases 
are researched in the graph by iteration on the nodes of the graph and lists of case A and B (lines 6 to 16 for case A and lines 19 
to 31 for case B). When the same sequence is identified in the list and in the graph, the counter (ct) become equal to the length 
of the list and the value of the case is turned to True (lines 13 and 27). When case A and case B are both True, it means that the 

same pattern (group of UG) has been coded differently in the graph (line 34).

possible cases. Graph theory makes descriptions and 
categorisations unequivocal.

As an example, for the corpus of Mailhac I ceramics, 
scholars have recognised iconographic differences 
(graphical units and organisation of these units) 
between the decoration schemes of eastern and 
the western Languedoc (Carozza, 2000; Janin, 2009). 
The iconographic register of eastern Languedoc 
is particularly rich (‘le registre iconographique est 
particulièrement riche’, Carozza, 2000, p. 11). To quantify 
precisely this ‘richness’, multivariate analyses 
performed on the ‘vocabulary’ (presence/absence, 
numbers or types of graphical units) and network 
indexes calculated on ‘syntax’ (spatial/topological 

organisation of these units) will permit us to measure 
and compare ceramic decorations at the graph scale 
(Figure 15) or at the local scale (Figure 16).

As an example, to identify which UG are located above 
the ‘shoulder’ (a UM) on a decorated ceramic (Le 
Moulin’s tomb 142, here Figure 16), the following query 
is pasted to the application (Figure 17).

Conclusion

Ceramic decorations, as the most common elements of 
the symbolic subsystem (Renfrew and Bahn, 1991), have 
often been considered as privileged elements to the 
identification of cultural facies (definition of ‘style’). 
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Figure 15. Boxplots of decoration densities for Mailhac I ceramics and locations of sites.

Figure 16. Geometric graph for the 
decorated ceramic from tomb 142, Le 
Moulin necropolis (Late Bronze Age). 
The ‘chevron_hashed_1’ frieze (1 × 20 

by extrapolation from the drawing 
information) is located on the upper 
part of the ceramic; this means — in 

graph theory — that the frieze is in the 
topological subgraph of the ‘rim’.
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In Pre- and Proto-historic contexts particularly, only 
signifiers are conserved on the archaeological artefacts 
and the signified can only been supposed. Therefore, 
the first steps of iconography analyses have to be based 
on an  analysis of the signifiers, considered as spatial 
sets of features, and should be closer to geometry than 
linguistics.

The CAA2016 session entitled ‘Networking the past: 
Towards best practice in archaeological network 
science’ has shown that graph theory, as a simple 
formal system, can be employed in numerous cases, but 
not always with particular relevance. For iconography 
and at the scale of the decoration’s support, the 
interest of graph theory is to model the relationships 
(qualitative) when measures (spatial, quantitative) are 
difficult to calculate, mostly because of the contiguity 
of graphical units. More so, quantitative information 
(distances, azimuths, etc.) can be calculated within a 
GIS (spatialized networks) and recorded in the network 
(valued graph). The methodology briefly presented 
here opens possibilities of studying graphical systems 
with normalized indexes over a long period of time, on 
heterogeneous source data.
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