Roman bazaar or market economy?
Explaining tableware distributions
through computational modelling
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Introduction

Ceramic tableware is one of the most common finds on Roman archaeological sites, and
it lends itself to quantification. This study draws on the published evidence of Roman
tableware from the Eastern Mediterranean to explore a particularly robust distribution
pattern and understand the past social mechanisms that might have created it. The pattern
under scrutiny here is the very wide distribution of four distinct wares: Eastern Sigillata A,
B, C and D (abbreviated as ESA, ESB, ESC and ESD respectively). All four wares were
produced and circulated in the Roman East between late Hellenistic times and ¢. AD 150,
but only one ware maintained a supra-regional distribution for centuries: ESA.
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Archaeologists have formulated many hypotheses to explain this distribution pattern: a
dependency on state structures, the role of redistributive centres, consumption or ‘pulling
forces’, commercial ‘piggy-back’ trade and a proximity to large-scale agricultural production
(e.g. Abadie-Reynal 1989; Reynolds 1995; Lewit 2011; Bes 2015). A summary of these
is provided by Philip Bes (2015), who argues that four mutually dependent factors may
underpin the supra-regional distribution pattern of tablewares:

1. The symbiosis between an active urban hub and its productive hinterland.

2. The pulling forces exerted by important regional centres with political administrative,

economic, religious and military functions, or a combination of these, such as Delos,
Corinth and Alexandria.

3. Patterns of communication between people, resulting in interconnected places.
4. A political or other type of system that establishes or maintains these factors.

Most scholars agree that a complex mix of mechanisms working on multiple levels was
responsible for the differences in tableware distribution patterns, and have formulated
these as descriptive conceptual models for explaining the functioning of Roman trade (e.g.
Bes 2015). As there is no shortage of hypotheses, the key research aim in the study of
tableware distribution processes should be to identify which of the factors, or combinations
of factors, is best supported by the available evidence: to explore the middle ground, or
‘grey zone’, between more extreme hypotheses. The development of conceptual models
has not, however, gone hand in hand with the adoption of methodological approaches
that allow distinctions to be made between archacological signatures for different scenarios
(Davies 2005; Morris et al. 2007; although see Graham & Weingart 2015 for a notable
exception).

Our contribution to this ongoing discussion evaluates conceptual models by combining
an exploratory analysis of the published tableware evidence with computational modelling
of hypothetical distribution mechanisms. The particular focus will be on evaluating aspects
of two influential conceptual models: Peter Bang’s (2008) ‘Roman bazaar’ and Peter Temin’s
(2013) ‘Roman market economy’.

In Bang’s model, the integration of markets around the empire was weak, meaning that
traders had poor knowledge of prices and the availability of goods. Moreover, according
to Bang’s hypothesis, the flow of goods and commercial information was structured by
the opportunistic and protectionist communities of traders. By contrast, in Temin’s model,
markets were more strongly integrated, and commercial information from one market
was more easily accessible in other markets. The concept of social networks connecting
commercial actors and enabling the flow of commercial information and goods is central
to both scenarios. The social networks of traders are, however, incorporated very differently
in both models: the influence of community structure on markets is emphasised in Bang’s
model, and in Temin’s, emphasis is placed on the ability for information to pass among
social contacts between markets more easily.

The potential role of social networks as a driving force in the Roman trade system
can be explored by formalising Bang’s and Temin’s hypotheses, and determining what
archaeological distribution patterns one would expect of them. Tableware trade in the
Roman East is considered to have functioned as a complex system, where the small-scale
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Table 1. Typo-chronological references and possible region of production for major Eastern
tablewares.

Typological and Region of production,

Ware Abbreviation chronological standard based on Schneider 2000

Eastern ESA Hayes 1985 Coast between Tarsos (TUR) and Latakia
Sigillata A (SYR)

Eastern ESB Hayes 1985 Maeander Valley in western Asia Minor
Sigillata B (TUR); possibly Aydin (ancient Tralleis)

Eastern ESC Hayes 1972, 1985 and Pergamon and surrounding region
Sigillata C Meyer-Schlichtmann 1988

Eastern ESD Hayes 1985 Cyprus (probably the western part)

Sigillata D

actions and interactions of agents, with only limited access to information, gave rise to large-
scale patterns that allow comparison with the archaeological record. In doing so, we also
highlight the potential of computational modelling in Roman archaeology for evaluating the
implications of hypothetical processes operating on multiple levels in order to understand
the observed large-scale distribution patterns of ceramics better.

Data: tableware distribution in the Roman East

The analysis presented here will focus on four major types of Hellenistic and Roman Imperial
Red Slip tablewares, commonly referred to as zerra sigillata: ESA, ESB, ESC and ESD. Each
of these four wares was produced in huge volumes in large manufactories in the Eastern
Mediterranean, and was widely distributed, but ESA had a significantly wider distribution
than the other three. The differences in tableware production outputs need to be understood
within an ancient economic context. Most tablewares were small-scale artisanal productions,
yet in the case of the four eastern sigillatas studied here, the production output as well as
the associated employment of the available means was on a large scale. The significant
investment in the production of these wares created opportunities for diversification in
economic activity in the context of a system heavily geared towards, and dependent upon,
agriculture (Poblome 2013).

Work by the ICRATES project (‘Inventory of Crafts and Trade in the Roman East) led
to the creation of a database of over 33 000 tableware sherds recorded in published sources.
The creation, structure and limitations of the ICRATES dataset are discussed in Bes and
Poblome (2008). The period between 25 BC and AD 150 is when all four tablewares
were circulated in the Eastern Mediterranean. All sherds that fall within these chronological
limits were extracted from the ICRATES database as a subset of 5121 sherds from 222
sites in the Eastern Mediterranean. The standard typological and chronological frameworks
of tableware forms shown in Table 1 were used. Given that the dating ranges of tableware
forms differ in length, we used the method described by Fentress and Perkins (1988), and
discussed in detail by Willet (2014), to divide the dataset into 25-year periods. We assumed
a normal distribution for the popularity and circulation of tableware forms, although very
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Normalised number of sites with wares per period
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Figure 1. The number of sites each ware is attested at per 25-year period; the dataset of ceramics used is available as
supplement 1 (n = 5121 tableware sherds); values were normalised ro a scale of 100 sites (n = 222) to facilitate comparison
with the simulated distributions in Figures 6 and 8; ESA is attested on far more sites than the other three wares for the period
of 25 BC-AD 75.

similar results are obtained when assuming a uniform distribution (Brughmans & Poblome
2016a). This method allows us to explore changing distribution patterns of tableware forms
through time. The resulting 25-year period datasets used in this paper are available as online
supplementary material (Table S1).

An exploratory analysis of this dataset made it clear that many of the weaker patterns
detected are a result of modern biases, including: the use of particular typological and
chronological frameworks; the geographic limitations of the dataset; differences in the
number of published excavations across the study area (which do not correspond to ancient
patterns of settlement hierarchies); or the common practice of only publishing diagnostic
sherds. Therefore, only the broader patterns and trends of wares in this dataset can be
considered robust and comparable over a large geographic area. These biases mean that
critical quantitative comparison of the proportions of sherds and forms in site assemblages,
or attempts at understanding the specific roles of sites, and even the larger hubs, is considered
impossible.

ESA has by far the widest distribution until at least AD 75; it is found at far more sites than
the other wares (Figure 1). After AD 75, the extent of its distribution gradually decreased,
while that of ESB and ESD slowly increased over the period AD 50-125. Between ¢. AD
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Normalised range of distribution per period
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Figure 2. The difference between the most and least widely distributed wares (i.e. the range of distribution) was initially very
large and decreased steadily throughout the period of study (the dashed lines will be used for comparison with the simulated
ranges in Figures 5 & 7).

100 and 150, ESD overtakes ESA with a wider distribution, but the difference between ESD
and other wares is not as strongly pronounced, as in the case of the earlier ESA distribution.
This is also reflected in the histogram in Figure 2, which represents the range of distribution
per period, defined as the maximum distribution width of a ware minus the minimum
distribution width of another ware.

The changes in the range of distribution further emphasise the exceptional difference
between ESA and other wares, which gradually diminishes. Finally, another broad pattern
may be discerned. The frequency distributions of the number of wares per site in Figure 3
show few differences over time: the vast majority of sites have evidence of only one ware,
while a small number of sites have evidence of two, three or four wares.

Tableware distribution processes and social networks
Bang’s model: the Roman bazaar in a tributary empire

Bang (2008) argues that markets in Roman Imperial times functioned very differently to
those of the present day, which are dominated by large-scale, integrated entities where well
informed, specialist trade is facilitated by extensive and efficient communication networks.
Instead, Bang suggests the concept of bazaar-style markets as

distinguished by high uncertainty of information and relative unpredictability of supply
and demand. This makes the prices of commodities in the bazaar fairly volatile. As a
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Frequency distribution of number of wares per site
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Figure 3. Frequency distribution per 25-year period of the number of sites at which 1, 2, 3 or 4 wares were attested; unlike
Figures 1-2, these frequency distributions do not use a normalised number of sites (n = 222); most sites have evidence of only
one ware.

consequence, the integration of markets is often low and fragile; it is simply difficult
for traders to obtain sufficiently reliable and stable information on which effectively
to respond to developments in other markets. Considerable fragmentation of markets
prevails (Bang 2008: 4).

This model sees the Roman market as a fragmentary system with low standardisation, of
which traders have very limited knowledge. The agents braving this rugged landscape of
trade were faced with a variety of challenges. Due to variable consumer demands, production
supplies, environmental uncertainties and transport challenges, the market experienced huge
disturbances and low transparency. Responses to these challenges were twofold: instead of
market integration, merchants would aim to benefit from opportunism and speculation;
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and a social network of personal trusted relations and strong communal ties was maintained.
This network provided protection (both commercial and physical), and, to a large extent,
determined the information available to the agent as well as their economic opportunities
(Bang 2008: 200-201). Such social networks allowed inter-regional trade to take place
through an integration of political and commercial spheres, as well as the specialisation of
intermediaries. Even if the merchants roamed far away from home, the dominating tendency
was for communities to form and be structured around native identities, mainly in the larger
and more active urban centres in the area.

This mechanism is illustrative of the local emergence of social networks, often with
a preference for native connections but giving rise to a supra-regional distribution of
goods (Bang 2008: 249-50). The community structure of social networks served to protect
community interests and opportunism while disadvantaging outsiders, thus reinforcing the
fragmentation of the Roman market system. Bang’s model therefore offers a mechanism
for exchange that works bottom-up through individual interactions, yet does not disregard
the emergence of large-scale distribution patterns. This model can be used as a possible
explanatory mechanism for differences in tableware distribution patterns, which are
interpreted as pointing to the existence of different localised social networks that are only
intertwined to a very limited extent (Bang 2008: 288). Two other major components of
Bang’s model, the tributary nature of the Roman Empire and the ‘agrarianate’ nature of
its societies, are not explicitly addressed in this study, which primarily focuses on the role
played by social networks in supra-regional trade (Bang 2008: 288).

Temin’s model: the Roman market economy

The most elaborate critique of Bang’s model is that by Morris Silver (2009). One of Silver’s
main criticisms was that “Bang underestimates the integration of the Roman economy”
(Silver 2009: 422). Here we compare Bang’s model with an alternative, which addresses this
criticism: Temin’s 7he Roman market economy (2013).

Temin’s model of the Roman economy echoes many of Silver’s arguments. Temin agrees
with Bang that government involvement in the wheat trade was rather limited and that
private enterprises dominated (2013: 32). He also agrees that ancient traders probably had
access to far less commercial information than their counterparts in the modern world,
and that local institutions and communities were crucial in disseminating information.
Unlike Bang, however, Temin believes that Roman markets were integrated and strongly
interconnected, even over large distances:

1 argue that the economy of the early Roman Empire was primarily a market economy.
The parts of this economy located far from each other were not tied together as
tightly as markets often are today, but they still functioned as part of a comprehensive
Mediterranean market (Temin 2013: 4).

Temin argues that simple models should be used to test the constituent concepts that
comprise more sophisticated models. In this way, a good model may be distinguished from a
bad one if it better fits the available data (Temin 2013: 5). Following on from this, we present
the results of MERCURY (Market Economy and Roman Ceramics Redistribution, after the
Roman patron god of commerce), an agent-based computational model that simulates the
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distribution of tablewares and compares the simulated output of different experiments with
the distribution observed in the archaeological record.

MERCURY: an agent-based computational model of tableware
distribution

A detailed technical description of MERCURY is published in Brughmans and Poblome
(2016b). The code and documentation of MERCURY is available through the OpenABM
repository (Brughmans & Poblome 2015).

MERCURY simulates the structure of social networks between traders who actas channels
for the flow of commercial information and goods. As the model is initialised, 1000 traders
are distributed among 100 markets. Traders are subsequently connected in a social network
with a high degree of clustering within markets and limited numbers of connections between
clusters, which represents the community structure, using the algorithm for the creation of
‘small-world” networks by Jin ez a/. (2001). A pair of traders connected in the social network
are able to share commercial information (supply, demand and price estimates), and to
trade tablewares. The integration of markets is high if the potential to share commercial
information and goods directly between markets is high, and low if it is limited. The degree
of market integration can therefore be represented as the proportion of all possible links
that connect traders on different sites. If traders on one site have fewer links to traders
on other sites, then their potential to obtain information and tableware is limited and the
degree of integration between the two sites is low. This proportion is tested by changing the
variable ‘proportion-inter-site-links in experiments (Figure 4). A high value for this variable
represents highly integrated markets (Temin’s hypothesis), while a low value represents
weakly integrated markets (Bang’s hypothesis).

Four of the markets are production centres of four different wares, and traders located
at these markets obtain items of their locally produced ware in each time step. At each
time step, all traders will determine the local demand for tableware, and will estimate an
appropriate price based on their knowledge of the supply and demand of the traders to
which they are connected. The availability of information is limited when a proportion of
the traders that a trader is able to trade with does not share commercial information. This
proportion is tested by adjusting the variable ‘/ocal-knowledge’ in experiments. A low value
for this variable represents the limited availability of accurate commercial information.

In each time step, every item of tableware is put up for sale, and pairs of traders who are
connected in the network can buy or sell an item. When an item is successfully traded (if
the transaction offers a break-even point or profit for the seller), the buyer will decide to
either sell it to a local consumer in order to lower the demand at the market within which
he is based (in which case the item is taken out of the trade system and is deposited at that
market), or to store it for redistribution at a later time step if it promises a higher profit. Over
time, as the tableware is traded and deposited at different sites, this model therefore gives rise
to different patterns of distribution for the four tablewares. The two variables, the number
of links between traders on different sites and the amount of information shared between
connected traders, represent the key aspects of Bang’s and Temin’s hypotheses explored in
our study. By changing the values of the two variables in separate experiments, we can
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Weak market integration Stronger market integration

Legend

Trader Network edge

(Flow information and goods)

Figure 4. Abstract representation of the network structure created in MERCURY; in (a) the minimum degree of market
integration is represented; in (b) a number (determined by the variable proportion-inter-site-links) of edges between pairs
of traders on different sites is created, representing a higher degree of market integration.

explore what tableware distribution patterns are created, and also which factors do or do not
give rise to the pattern observed in the archaeological record, i.e. under what conditions the
tableware distribution is generally wide but in which one ware clearly dominates (Figure 1).

Results

Variable settings and summary results for each experiment presented in this paper are
available via the online supplementary material (Table S2). The experiments show that
differences in the availability of commercial information alone cannot explain the strong
differences in tableware distributions observed in the ICRATES database for the earlier
periods. Varying the proportion of contacts that a trader obtains commercial information
from (local-knowledge variable) does not significantly affect the width of ware distribution
(Figure 5). It does, however, affect the diversity of site assemblages: experiments with a high
value for this variable result in less diverse assemblages (cf. the pattern shown in Figure 3)
than those with a lower value. On the other hand, increasing the degree of market integration
(by increasing the proportion-inter-site-links variable) gives rise to wider distributions and
stronger differences, although these are, at best, only comparable to conditions in the period
AD 100-150 (Figures 5 & 6).
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Boxplot of range of simulated tableware distributions
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Figure 5. Boxplot of the range of simulated rableware distributions (100 simulations per experiment); boxplots for experiments
with a low local-knowledge variable setting of 0.1 are in white, and those with a high setting of 1, in grey; dotted lines
represent the observed tableware distributions ranges presented in Figure 2 for comparison.

Furthermore, experiments with a high degree of market integration and an unequal
number of traders at production centres result in very widely distributed wares and strong
differences in distribution (Figure 7). Importantly, in experiments where all the other variable
settings were fixed but the network structure is changed for a randomly created network,
the width of wares” distributions is much higher, but the range remains similar on average
(experiments 24 & 29; Figure 7; Table S2). Finally, in experiments where one production
centre has far more traders than others, one ware will be far more widely distributed than
the other wares (experiment 33; Figures 7 & 8). An experiment with the same variable
settings but a randomly created network structure will result in a higher distribution
range (experiment 34; Figure 7) and a wider overall distribution of all tablewares (Figure 8;

Table S2).

Discussion

The results suggest that equal numbers of traders at production sites, low degrees of market
integration and a limited availability of commercial information from direct trade contacts
do not give rise to tableware distributions similar to those observed in the archaeological
record (the ICRATES database). These three key results must be considered within their
historical and archaeological contexts.

The simulated distributions best reflect the available archacological data in scenarios
where unequal numbers of traders are present at different production centres and are able
to cater to a high, local demand. This observation highlights the importance of concerted
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Figure 6. Boxplot of the width of distribution per ware ranked from the most (ware 1) to the least widely distributed (ware
4) (100 simulations per experiment); to the right, a grey background presents the observed width of tableware distributions
Jor 25-1 BC and AD 100—150, as presented in Figure 1 for comparison.

supply and demand, typically associated with urban contexts. Unfortunately, the resolution
of the available archaeological data is insufficient to compare the effects of specific sites,
such as larger cities and smaller towns, in any great detail. We can only state that, in general,
a large urban centre close to tableware production centres would have served as a primary
market with a high demand, and therefore offered an impetus to produce large amounts of
tableware. This mechanism has been proposed before for a variety of urban contexts based
on descriptive, qualitative analyses of the ICRATES data (Poblome ez 2/. 2012). MERCURY
makes these assertions falsifiable however, thus enabling us to improve conceptual models
by removing unnecessary elements and focusing future work on more promising factors; for
example, the role of specific large urban centres in close proximity to presumed production
centres, such as ancient Antioch or Ephesos.

Comparing the results of MERCURY with the ICRATES data provides further insights
into the issue of market integration in Roman times. Only high proportions of inter-site
links, representing a high integration of markets (as argued by Temin 2013), have the
potential to give rise to the archaeologically observed differences in the width of tableware
distributions. Through these links, traders obtain information about supply and demand
(and thus price estimates) at different markets, and they enable traders to trade goods
with others elsewhere. This observation implies that a significant proportion (but not
necessarily a majority) of traders, communities or institutions must have had the financial
and logistical ability to obtain information from other markets (through informants or
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Boxplot of range of simulated tableware distributions
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Figure 7. Boxplot of the range of simulated tableware distributions (100 simulations per experiment); boxplots for experiments
with a randomly created network structure are in grey: dotted lines represent the observed tableware distribution ranges presented
in Figure 2 for comparison; experiments where one production site has 30 traders and all of the three other production sites
have only 1 trader are referred to as ‘one site dominance’.

personally), and raises the question of whether regulations (civic, state or military) helped
facilitate this scenario. The results of MERCURY suggest that future research should focus
on these factors that enabled, structured and maintained communication between far away
communities, giving rise to strong market integration.

Contrary to Bang’s hypothesis, the results also show that under a wide range of parameter
values, the community structure of the social network within individual markets is less
important than a high degree of integration bezween markets and the potential for one
production centre to produce more than others. Although the community structure of the
social network can give rise to strong differences in tableware distributions, this happens
only in scenarios with high market integration and with unequal production capabilities
among the different tableware production centres.

In summary, MERCURY supports the following processes as contributing factors towards
the archaeologically observed tableware distribution pattern: a high degree of market
integration leads to generally widely distributed wares, while strong differences in the
potential for large-scale production of tablewares results in variable distribution patterns
among them.

Conclusions: simulating the ‘grey zone’

We have formalised, tested and produced archaeologically verifiable predictions from the
conceptual models offered by Bang and Temin. The results lead us to conclude that the
limited integration of markets proposed by Bang’s model is highly unlikely under the
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Figure 8. Boxplot of the width of distribution per ware ranked from the most (ware 1) to the least widely distributed (ware
4) (100 simulations per experiment); the right-hand side of this figure with a grey background presents the observed width of
tableware distributions per period for 25 BC-AD 50, as shown in Figure 1 for comparison.

conditions imposed in this study. The simulation confirmed the importance of market
integration, as suggested by Temin’s model, but it also highlighted the strong impact of other
factors: differences in the potential production output of tableware production centres, and
the demand of their local markets.

The results suggest that future research should place stronger focus on tableware
production processes, and on the factors enabling market integration. The latter theme
is most often approached by considering the gravitational pull of Rome in securing its
food supplies (Scheidel 2014: 27-30). Our study, by contrast, presents a way to evaluate
integration at different scales, with and without large urban centres. The approach can
therefore be used to evaluate other explanatory factors, and it can be applied to other types
of archaeological material and in other regions of the empire. Such factors include allocating
the resources necessary for large-scale artisanal production, the varying roles and proportions
of traders and institutions commercially active on multiple markets, the existence of large
urban centres generating high demand for goods, their relation to tableware production
centres, and the framework provided by the Roman Empire. These factors have been
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repeatedly debated by scholars of the Roman economy, but their highly complex nature
means that their validity may only be tested and compared through a combination of
exploratory archaeological data analysis and conceptual and computational modelling.
Given the abundance of conceptual models for explaining tableware distributions in the
Roman East, and the agreement of most scholars that the Roman trade system was a complex
affair influenced by multiple factors, we see at least four issues with the current debate over
complex conceptual models that prevent progress in the study of the Roman economy:

1. Many models use different and sometimes ill-defined concepts to describe the
complexities of the Roman economy, making them difficult to compare.

2. The concepts used often lack specifications as to how they may be explored using data,
i.e. what sort of patterns would be expected as the outcome of hypothetical processes.

3. Consequently, the development of these conceptual models has not gone hand in hand
with the development of approaches to represent, compare and (where possible) validate
them formally.

4. The role of archacological data in testing conceptual models, although increasingly
recognised, deserves greater attention, as it is the only source of information on the
functioning and performance of the Roman economy that can be used for quantitative
validation of complex computational and conceptual models.

To begin challenging these issues, what is needed is an approach that: requires scholars to
formulate models as well defined, explicit and comparable conceptualisations accompanied
by data specifications and predictions; allows for the comparison of multiple hypothetical
scenarios and the data patterns that these are predicted to produce; and allows for quantitative
comparison with archaeological datasets. This study has illustrated that computational
modelling meets these requirements. It allows probabilities to be attached to some factors,
to map the ‘grey zone’ between extreme scenarios, and to falsify some of them. It also does
not aim to restrict the study of the Roman economy to one way of conceptualising past
phenomena, but emphasises the need to make models explicit and comparable. The potential
of this computational approach, the importance of formulating complex hypotheses as
comparable conceptualisations and the need to specify how these relate to archaeological
data are by no means exclusive to the study of the Roman economy, but will prove a
highly productive approach in archaeology in general. Small computational models such as
MERCURY can be regarded as building blocks that allow elements of conceptual models
to be tested in isolation, before assembling them together to improve our understanding of
a complex, past system. Before this approach can fulfil its potential, however, the creation
and discussion of conceptual models will need to happen in ways that open them to formal
comparison, and the practice of building and critically evaluating computational models
must become a more common practice.
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