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Abstract
This article presents an in-depth analysis of four Proto-Elamite tablets,
housed in the Iran National Museum, specifically chosen for their
demonstrably high-volume numerical entries. The selection of these tablets
offers aunique opportunity to investigate the scale of commodity accounting
within the proto-urban center of Susa, a pivotal site in the study of early
complex community. The research delves into the intricate numerical signs
and systems employed by Proto-Elamite scribes to record these substantial
quantities, with a particular focus on the application and interplay of the
Sexagesimal (S), Decimal (D), Bisexagesimal (B and B#), and Capacity (C,
C#, and C”) systems. The analysis reveals a sophisticated administrative
apparatus that was not only capable of managing but also meticulously
recording significant quantities of goods. These goods encompassed a wide
range of resources crucial to the functioning of the proto-urban center,
including various types of grains, which formed the basis of the region’s
agricultural economy, the accounting of human laborers, who constituted
a vital part of the workforce, and potentially rations, indicating a system
of distribution and resource allocation. The presence of such high-volume
data within these tablets provides invaluable insights into the economic
complexity of Susa during this period. It underscores the scale of resource
management, the existence of well-organized distribution networks, and the
potential reach of trade connections that extended beyond the immediate
vicinity of Susa. While the Proto-Elamite numerical signs exhibit a
distinct visual style when compared to their Mesopotamian counterparts,
reflecting a unique cultural and scribal tradition, the overarching emphasis
on large-scale quantification highlights a shared concern for efficient and
accurate accounting practices. This focus on meticulous record-keeping
was essential for the management of surplus production, the organization
of labor, and the maintenance of economic stability within the developing
center. This study emphasizes the significance of undertaking a detailed
analysis of the numerical data contained within these four tablets. By
doing so, it becomes possible to reconstruct, at least in part, the scale
of commodity counting and its profound implications for Proto-Elamite
economic and administrative practices.
Keywords: Proto Elamite, Susa, Administration, High- Volume tablets,
Commercial Hub.
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Introduction

The Proto-Elamite period, blossoming in Susa during the late fourth
millennium BCE (Yousefi et al., 2025), left behind a significant corpus
of clay tablets inscribed with a unique, largely undeciphered scripts! (Le
Burn& Vallat, 1978; Vallat,1971; Vallat, 1973; Vallat, 1985). Among these,
tablets exhibiting high-volume numerical entries offer invaluable insights
into the administrative and economic practices of this early complex society
(Etemadifar & Yousefi, 2024). As demonstrated by the numerical signs
depicted, their administrative system employed a sophisticated approach
to quantitative record-keeping, utilizing a suite of specialized systems
tailored to diverse commodities (Desset, 2016). The sexagesimal system
(S), mirroring later Babylonian practices, facilitated the enumeration of
inanimate objects, showcasing their capacity for handling large numerical
values (Friberg, 1994;2019; Damerow, 2006). In contrast, the decimal
system (D) was reserved for animate beings, specifically domesticated
animals and human laborers, reflecting a distinct method for quantifying
living resources (Friberg, 1978; 1999). Furthermore, the bisexagesimal
systems (B and B#), dedicated to grain products and potential rationing, and
the capacity systems (C, C#, and C”), used for measuring grain, underscore
the importance of precise agricultural accounting (Scheil, 1923; Friberg,
2019).

The existence of these diverse numerical systems, coupled with the
presence of signs denoting high numerical values (e.g., “3,600,” “600” in
the sexagesimal system), (e.g., “10,000,” “1000” in the decimal system)
and (e.g., “1200” “120” in the bisexagesimal system) points to a highly
organized administrative structure and a developed economy capable
of managing substantial resources. Such large-scale accounting implies
complex administrative operations, including the distribution of goods,
the organization of labor forces, and the tracking of agricultural yields,
vital for a complex economical center like Susa. Given Susa’s strategic
location, it likely functioned as a pivotal commercial hub, facilitating
the exchange of goods between the sedentary agricultural societies of
southern Iran and the pastoral nomads of the Iranian highlands (Yousefi
etal., 2025). As Alden (1982) and Potts (1999) discuss, the Proto-Elamite
tablets, particularly those with high-volume numerical data, provide
critical evidence of such trade, with the diverse numerical systems
reflecting the varied commodities exchanged and the standardized units
and large numerical values suggesting organized trade networks and

administrative oversight.
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This article posits that a comprehensive analysis of the high-volume
numerical data contained within four selected Proto-Elamite tablets from
Susa hosted in Iran National Museum will yield critical insights into the
scale and complexity of their administrative and economic practices. The
sheer volume of numerical data inscribed on these tablets presents a unique
challenge, requiring meticulous analysis and innovative methodological
approaches. The methodology involves a quantitative analysis of the
numerical signs and their associated values, focusing on the four selected
tablets. We will explore the implications of these numerical records for
understanding Proto-Elamite administrative and economic practices,
specifically focusing on the scale of resource management and distribution.

Deciphering the Proto-Elamite Numerical System

The Proto-Elamite numerical system, as evidenced by the corpus of
numerical signs found on tablets primarily from Susa, presents a complex
and multi-faceted structure (Dahl, 2005; Hessari & Yousefi, 2023).
This part aims to provide a comprehensive analysis of this system to
elucidate its intricacies and implications for understanding Proto-Elamite
administrative and economic practices. The numerical signs, as depicted in
the below images, reveal a sophisticated approach to quantification, with
multiple systems employed for diverse commodities. The Proto-Elamite
scribes did not utilize a singular numerical framework. Instead, they
employed a suite of distinct systems, each tailored to specific categories of
counted items (Desset, 2016; Englund, 1998). This differentiation suggests
a highly organized administrative structure and a nuanced understanding
of quantification.

Sexagesimal System (S)

Advancements in decipherment have significantly clarified the role of the
sexagesimal system (S) in Proto-Cuneiform and Proto-Elamite accounting
(Friberg, 1978; Nissen, 1986; Nissen et al., 1990; 1993; Englund, 1998;
2004; 2011). This system, as depicted in the Figure 1, was primarily
employed for counting discrete inanimate objects, encompassing a wide
range of commodities (Nissen et al., 1991; Damerow, 2006). The numerical
signs reveal a sophisticated capacity for handling large quantities, with
values such as “3,600,” and “600,” indicating a complex administrative
framework capable of managing substantial resource flows. This bears
a resemblance to the later Babylonian sexagesimal system, suggesting a

potential shared origin or influence, although crucial differences highlight
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the independent development of Proto-Elamite numerical practices
(Friberg, 1978). The objects counted using the sexagesimal system (S)
likely included a variety of bulk commodities and manufactured goods as
grains and other agricultural products defined as large quantities of stored
or distributed grain, as distinct from the capacity measurements in system
C, could be recorded using this system (Friberg, 1978; Nissen, 1986; Nissen
et al, 1993). Given the importance of textile production in early urban
centers, fabrics or finished garments could have been quantified using
these units (Friberg, 1978). Metal tools, pottery, or other manufactured
items might have been recorded in large numbers, particularly if they were
being distributed or stored centrally (Nissen et al., 1993). Quantities of raw
materials such as wood, stone, or metal might have been tallied using the
sexagesimal system, especially if they were being traded or distributed.
The signs themselves, as visualized in the image, represent distinct
numerical values. Understanding their meaning is crucial for interpreting
the tablets. For example, the sign representing “3,600” implies a high level
of administrative organization capable of tracking very large quantities of
specific commodities. The presence of the fraction “1/2” also indicates a
high level of sophistication (Desset, 2016). It’s important to note that while
the sexagesimal system shares a numerical base with the Mesopotamian
systems, the specific forms of the signs and the ways they were used may
have differed. This suggests that while there may have been a common
origin or influence, the Proto-Elamite scribes adapted and developed their
own unique numerical practices to meet the specific administrative and

economic needs of their society (Friberg, 1999; Desset, 2016).
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Decimal System (D)

The decimal system (D), employed by Proto-Elamite scribes for
enumerating animate objects, specifically domesticated animals and
human laborers, stands out as a significant characteristic of their numerical
practices (Friberg, 1978). This system, featuring signs representing values
like “10,000,” “1,000,” “100,” “10,” and “1,” indicates a clear conceptual
separation between living and non-living resources, a distinction that is not
consistently observed in contemporaneous Mesopotamian accounting (Fig.
2). The consistent application of this decimal system across Proto-Elamite
communities suggests a standardized administrative practice, reflecting
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«Fig. 1: Sexagesimal Numerical System (S),
(After: Desset, 2016).
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Fig. 2: Decimal Numerical System (D), (After:
Desset, 2016). »
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a degree of societal organization and a focused management of living
resources. The meticulous recording of livestock numbers, using decimal
notation, implies a systematic approach to animal husbandry, potentially
linked to herding, taxation or distribution. Notably, the presence of signs
representing “10,000” and “1,000” suggests the ability to manage and
account for large herds or labor forces, indicating a sophisticated level of
administrative control (Yousefi Zoshk, 2010). Similarly, the enumeration
of human laborers, possibly using these larger denominations, suggests
organized labor practices, possibly related to large-scale agricultural or
animal husbandry. The exclusive use of this decimal system for animate
objects within the Proto-Elamite corpus highlights a unique aspect of their
socio-economic structures and administrative needs (Desset, 2016). The
ability to record such high numbers within the decimal system is crucial.
It suggests the Proto-Elamites were not merely counting small groups
of animals or laborers, but rather managing significant populations. This
capability isindicative ofacentralized administration capable of tracking and
controlling substantial living resources, potentially for economic, political
or social purposes. While the precise reasons for this conceptual separation
remain speculative, it is clear that the Proto-Elamites treated animate
resources differently from inanimate commodities. This distinction could
stem from cultural beliefs, economic priorities, or specific administrative
requirements. Further research, including comparative analysis with other
early counting systems and a deeper understanding of the Proto-Elamite
socio-economic context, is necessary to fully elucidate the significance of

this distinctive decimal system.
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Bisexagesimal Systems (B and B#)

The bisexagesimal systems (B and B#), as evidenced by the Proto-Elamite
tablets, were specifically dedicated to the quantification of grain products
(Englund, 2004; Desset, 2016). The base-60 structure, combined with
decimal components, indicates a complex system likely used for both
large-scale grain accounting and the allocation of rations. These systems
reflect the paramount importance of grain as a staple commodity within
the Proto-Elamite economy and the necessity for precise distribution to
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sustain a growing population. The derivative B# system, while its precise
function remains debated, appears to have been employed for counting
rations, potentially indicating a structured system of food distribution or
labor management. The commodities counted using these bisexagesimal
systems (B and B#) likely included barley as given its prevalence in early
Mesopotamian and Iranian agriculture, it was likely a primary commodity
accounted for using these systems and emmer wheat might also have
been quantified using these systems, especially considering the graphical
relationship of the C” system to the Mesopotamian emmer measurement
system. It might also use for counting flour and other processed grain
products as a way to track the distribution of flour, groats, or other
processed grain products. The presence of a bisexagesimal system for
grain accounting bears similarities to early Mesopotamian practices, where
base-60 systems were employed for various commodities, including grain
(Friberg, 1984). However, the Proto-Elamite adaptation of this system,
particularly the derivative B#, suggests a unique development tailored
to their specific administrative needs. The signs within these systems, as
shown in the image, illustrate the capacity for precise measurement and
accounting. The values “1,200,” “120,” “60,” and “10,” along with the
unit “1,” demonstrate a detailed approach to quantifying grain, suggesting
a complex administrative apparatus (Fig. 3). This level of precision would
have been essential for managing large-scale storage, distribution, and
consumption of grain within Proto-Elamite society.

it 18 oy 2 6 10
E— X — ) Oo—e-—1
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(ot 10 ot 2 Joe=w| 8 7= W {7
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Capacity Systems (C, C#, and C”)

The Capacity Systems (C, C#, and C”) represent a crucial component of the
Proto-Elamite numerical framework, primarily employed for measuring
grain, particularly barley, and, in some cases, bisexagesimally counted
cereal products (Friberg, 1978; Desset, 2016). Their widespread use across
numerous Proto-Elamite tablets underscores the centrality of agricultural
accounting and resource management in this Proto- Urban society (Afshari
& Desset, 2022). These systems provide critical insights into the precise
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«Fig. 3: Bisexagesimal Numerical Systems (B
and B#), (After: Desset, 2016).
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methods used to quantify and distribute grain; a staple commodity vital
for sustaining a settled population. The C system, as the primary capacity
measure, likely served as the foundation for the derivative C# and C”
systems. The C# system, possibly related to the bisexagesimal system
B#, may have been employed for specific types of grain measurements or
related products, although its precise function remains debated.

The C” system, however, is particularly significant due to its graphical
relationship with the Mesopotamian system used to measure emmer
(Englund, 2004). This connection suggests potential cultural exchange
or shared accounting practices between the Proto-Elamites and their
Mesopotamian neighbors. One notable feature of the Capacity Systems is the
use of fractions, as seen in the “1/2” sign within the sexagesimal system (S)
and implied within the structure of the capacity signs themselves (Englund,
2004; 2011; Desset, 2016). This indicates a sophisticated understanding of
measurement and a need for precise quantification, crucial for managing
grain stores and distributing rations. The ability to record fractional units
would have allowed for detailed accounting of grain volumes, ensuring
equitable distribution and efficient resource management. Comparing
these systems with Mesopotamian counterparts, we find both similarities
and differences. While Mesopotamia also employed capacity measures for
grain, the specific forms of the signs and the relationships between the
systems may have varied.

The graphical similarity between the Proto-Elamite C” system and the
Mesopotamian emmer measurement system suggests a potential shared
tradition, but further research is needed to fully understand the nature of
this connection (Nissen et al., 1991). The existence of variations within
the Capacity Systems (C, C#, and C”) likely reflects the nuanced needs
of Proto-Elamite agricultural administration. Potential reasons for these
variations include different Grain Types, The C, C#, and C” systems might
have been used to measure different types of grain or grain products. For
example, C could have been used for barley, while C” was specifically for
emmer, as indicated by its Mesopotamian connection. The variations might
represent different units of measurement, reflecting regional differences or
specific administrative requirements. This would allow for a more granular
approach to accounting. The systems could have been used in different
contexts, such as storage, distribution, or taxation.

The C# system, for example, might have been used for rationing, while
C was used for larger storage measurements. The variations might also

represent an evolution of the capacity measurement system over time,
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with new systems being introduced or adapted to meet changing needs.
The C# system, being related to the Bisexagesimal system B#, could
indicate a bridge between the two systems, and a specialized function, in
relation to grain-based rations, or other specialized goods. The meticulous
recording of grain volumes using these systems highlights the importance
of agricultural surplus in Proto-Elamite society and the need for efficient

administrative control.
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This section presents a detailed analysis of four Proto-Elamite clay
tablets, originating from Susa, selected for their demonstrably high-scale
numerical records. These tablets, pivotal administrative documents dating
to approximately 3100-2900 BC, offer a unique opportunity to explore
the scale of commodity management and distribution in this Proto-Urban
context. By examining the numerical signs and their associated values
inscribed upon these tablets, we aim to elucidate the quantitative methods
employed by Proto-Elamite scribes and gain insights into the economic
and administrative practices of this period.

MDP 26 Corpus

The initial excavations pertaining to the Proto-Elamite period in Susa were
conducted by Jacques de Morgan (De Morgan, 1900: 52). Following the
commencement of his excavations, numerous Proto-Elamite tablets were
discovered. Subsequently, in 1905, de Morgan and Scheil published the
first corpus of these tablets, comprising 198 specimens, within a volume
of the “Mémoires de la Délégation en Perse” (MDP.6) under the auspices
of the Louvre Museum. This publication also included 989 illustrations of
“sign-glyphs” or “ideograms,” along with their variants, under the heading
“Proto-Elamite” (Scheil, 1905).

In subsequent years, from (1907 to 1923), a substantial number of
tablets were unearthed from both the northern and southern sectors of the
Susa acropole. This led to the publication of a collection containing 490
tablets in MDP.17 in 1923 (Scheil, 1923). Until this time, all Proto-Elamite
tablets were transferred to the Louvre Museum. However, following a
new agreement between the governments of Iran and France in 1927, all
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<4Fig. 4: Capacity Numerical Systems (C, C#,
and C”), (After: Desset, 2016).
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subsequent finds were divided equally between Iran and France (Dahl,
2013). The tablets that came into the possession of the [ranian government
and the National Museum of Iran were published in a volume titled “MDP
26” in 1935 (Scheil, 1935).

This collection is comprised of two parts: MDP.26, containing 485
Proto-Elamite tablets, and MDP.26S, which includes tablets from de
Morgan’s “Grand Trench” (Scheil, 1935). The latter collection is currently
housed in the Louvre Museum. The MDP 26 collection is of particular
significance, as its tablets likely originate from a single trench and include
multiple tablets related to the same subject matter. These tablets potentially
represent a relatively unified archaeological context. Comparative analysis
of these texts can elucidate the reasons behind their variations and greatly
contribute to the decipherment of this writing system. The drawings of
the tablets in this collection were initially produced by de Mecquenem’s
daughter using a lucida camera. However, the resulting unnatural and poor
quality of these drawings, coupled with the absence of any photographic
documentation (Dahl, 2013), meant that they remained inaccessible to
Western researchers for many years.

MDP 26, 360

This tablet, currently housed in the National Museum, Tehran, published
initially by Vincent Scheil in Mémoires de la Délégation en Perse (MDP.
26: 360) in 1935, dates to the Proto-Elamite period, approximately 3100-
2900 BC (Fig. 5). As a primary administrative document, this tablet, like
others from Susa, offers crucial insights into the numerical systems and
accounting practices employed during this period in southwestern Iran.
The tablet is made of clay, roughly rectangular, although it appears to be
fragmented or broken, with pieces separated.

The tablet appears to follow a pattern where entries are grouped, and
within each group, there’s a sequence of M signs and numerical systems:
[M327+M348| M354 (Bisexagesimal system B), M354? (Bisexagesimal
system B#), |[M351+X]| (Bisexagesimal system B), M222 (Capacity
system). The grouping layout entries is a significant observation. It suggests
that the tablet’s information is organized in a structured manner, possibly
representing distinct transactions, accounts, or categories. The consistent
sequence within each group is also crucial. It indicates a standardized
format for recording information. The pattern starts with [M327+M34S§|
M354, which are counted using the Bisexagesimal system B. This could
represent a primary commodity or category. It’s followed by M354?
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Obverse
0. M?
00. | [M327+M365| M354(?), 2(N?)
la. | [M351+X], 1(N54) 1b. | M222 | 1(N34) 2(N01)

2a. | [M327+M365| M354 , 2(N51) 2(N14) 6(N01) | 2b. | , 1(N51), 2 (IN?), 4(N01)
2c. | IM351+X], 1(N51) 1(N34) 2(N14) 2(N01) 3a. | [M327+M365| M354, 1(N51) 4(N14)

3b. | M354? , 3(N51@b) 5(N14@b) 3e. | [M351+X], 1(N51) 5(N14)
3d. | M222, 6(N14) 4a. | [M327+M365| M354, 2(N51) 2(N34)
4b. | M352~h , 4(N51) 1(N34) 5(N14) 8(N01) 4c. | M222 | 4(N14) 3(N01)
5a. | IM327+M348| M354 , 6(N51) Sb. | M3547, I(N51@b) 1(N34@b) 5(N14@b) 5(NO1@b)
Sc. | M352~h, 3(N51) 6a. | [M327+M365| M354, 2(N51) 1(N34) 4(N14) 2(NO1)
6b. | M3547, 3(N51@b) 1(N34@b) 4(N14@b) 6c. | [IM351+X]|, 5(N51)
6d. | M222 , 4(N14) 5(NO1) 2(N39B) 7a. | IM327+M365| M354, 2(N51) 4(N14) 5(N01)
7b. | M354? | 1(N34@b) 1(N1@b) Te. | IM351+X], 2(N51) 4(N14) 5(N01)
7d. | M222 , 5(N14) 2(NO1)
Reverse
1. | M354, 1(N54) 7(N51) 4(N14) 4(N01) 2. M3542 , 2(N54@b) 1(N31@b) 1(N34@b) 1(N14@b)

3. | IM351+X], 2(N54) 8(N51) S(N14) 5(N01)

counted in B#. This might indicate a sub-category or a related commodity.
Then comes [M351+X]|, again in Bisexagesimal B, possibly another
primary commodity. Finally, M222, counted in the Capacity system, which
as we know is associated with barley. totals for M354 and M351+X on
the obverse and reverse sides of the tablet; Obverse Totals: M354: 1744,
M351+X: 2972, and Reverse Totals; M354: 2084, M351+X: 3605.

The consistent structure suggests a well-defined administrative or
accounting practice. This format might have been used across multiple
tablets or within a specific institution. The presence of sub-categories (like

/
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4 Fig. 5: Proto Elamite Tablet, MDP 26, 360
(©Image courtesy of the Cuneiform Digital
Library Initiative (CDLI), Drawing and
Transliteration by: Authors, 2024).
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M354? in B#) within the groups hints at a hierarchical organization of
information. This could reflect different grades or types of commodities,
or different stages in a transaction. The sequence of M signs might reveal
relationships between different commodities. For example, [M327+M348|
M354 and [IM351+X| might represent different types of grain, while M222
(barley) is recorded separately, perhaps as a final product or output.

Observation on the reverse side summarizing the totals is very important.
It suggests that the reverse side provides a consolidated overview of the
information recorded in the groups on the obverse. The absence of M222
on the reverse side might indicate that it was a final product distributed or
consumed, rather than an input. Considering this structure, we can refine
our interpretation of the tablet as the script records a series of transactions
or accounts, each involving specific types and quantities of grain. The
obverse side details the inputs or components of each transaction, organized
by grain type and category. The reverse side summarizes the totals for
each grain type, providing an overview of the overall transaction. This
Proto-Elamite tablet, with its distinct numerical systems and commodity
designations, likely represents a sophisticated accounting system that goes
beyond our basic understanding of debits and credits. The tablet, rather than
representing a single static balance, may contain a set of interconnected
records functioning as an inventory management tool. These records could
encompass: 1) the tracking of inflows and outflows of various commodities,
particularly different types of grain; 2) transactional documentation of
specific transfers or exchanges between individuals, locations, or resource
pools; and 3) detailed accounts of resource allocation for distinct purposes,
such as rations, seed grain, or trade. In this sense, the tablet reflects ongoing
activities over a defined period, rather than a one-time economic snapshot.
It is possible that the reverse side served as a summary of the transactions
recorded on the obverse.

Such a tablet would have provided administrators with the means to
monitor economic activity, ensure accountability, and make informed
decisions in resource management. It was likely associated with the
operations of an agricultural trading center. The obverse may list grain
inputs received from surrounding areas, alongside allocations for seed
and internal consumption; alternatively, it could detail tribute payments
received in various grains, or document deliveries of grain to a brewery.
Correspondingly, the reverse may record the distribution of cereal rations
to the workforce, the redistribution of grain from this central storage

facility to various settlements or public works projects, or the allocation
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of barley malt, a key ingredient in beer or even the distribution of finished

beer.

MDP 26, 362

The Proto-Elamite clay tablet, cataloged as NMI BK 03416 within
the National Museum, Tehran, originates from Susa and dates back to
approximately 3100-2900 BC. This tablet, bearing the primary publication
reference MDP 26, 362 (P009050) in Vincent Scheil’s work, is classified
as a tablet (Fig. 6).
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Obverse

M288 , 1(N46) 1(N45)# 2(N48) 1(N45) 1(N14) 1(NO1) 1(N39B) 1(N24) 1(N30C) 1(N30D) 1(N35C)

1. 2(N48) 2(N34) 2(N45) 2(N14) 2(N01) 2(N39B) 1(N24) 2(N30C) 1(N30D)

2(N46) 2(N48) 1(N34) 1(N45) 3(N14) 3(NOI) 3(N39B) 1(N24) 1(N30C) 1(N30D) 1(N35C)

1(N34) 1(N45) 1(N14) 1(NO1) 1(N39B) 1(N24) 1(N30C) 1(N30D) 1(N39C)

1(N48) 1(N34) 1(N45) 1(N14) 1(NO1) 1(N39B) 1(N30C) 1(N30D) 1(N39C)

1(N45) 1(N14) 1(N01) 1(N39B) 1(N24) 1(N30C) 1(N30D) 1(N39C)

1(N14) 1(NO1) 1(N39B) 1(N24) 1(N30C) 1(N30D) 1(N35C)

Ll Bl Kol Bl Bl Bad Fnd K ud

1(NO1) 1(N39B) 1(N24) 1(N30C) 1(N30D) 1(N39C)

5. | 1(N35C) 1(N24) 1(N30C) 1(N30D) 1(N35C)

10. [ 1(N24) 1(N30C) 1(N30D) 1(N39C)

11. | 2(N30C) 1(N30D) 1(N35C)

12. | 1(N30C) 1(N30D) 1(N39C)

13. | 1(N30D) 1(N39C)

14. | 1(N46) 1(N48) 1(N34) 2(N45) 2(N14) 5(N01) 4(N39B) 1(N24) 2(N30C) 1(N30D) 1(N35C)

15. | 1(N45) 5(N14) 3(N01) 1(N39B) 1(N24) 2(N30C) 1(N30D)

16. | 6(N14) 4(NO1) 2(N39B) 1(N24) 2(N30C) 1(N30D) 1(N39C)

17. | 3(N14) 1(N35C)

18. | 1(N14) 1(NO1)# 1(N24) 1(N30C)

19. | 7(N14) 1(N24) 2(N30C)

20. | 1(N48) 1(N45) 4(N14) 2(N01)

Reverse

1. | M2884 , 6(N46) 1(N48) 1(N34)# 1(N45) 2(N14) 2(NO1) 1(N39B) 1(N24) 1(N30C) 1(N30D) 1(N35C)
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4 Fig. 6: Proto Elamite Tablet, MDP 26,
362 (© Image Drawing and Transliteration
Courtesy of the Cuneiform Digital Library
Initiative (CDLI)).
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Tablet MDP 26, 362 is an administrative document from Proto-Elamite
Susa, designed to meticulously record barley accounting within standard
containers. The tablet’s structure is organized around the sign M288, which
denotes a large container for cereals, specifically barley. The obverse
begins with a crucial entry (line 1) that defines the full capacity of this
standard container. It lists various units from the capacity values (N46,
N45, N48, N14, NO1, and the less understood N39B, N24, N30C, N30D,
N39C), quantifying the precise amounts of each needed to fill one M288.
Subsequent obverse entries (lines 2-20) omit M288 but implicitly refer to
it, documenting different volumes of barley held within these containers.
These variations in quantities suggest records of additions, removals,
transfers, or allocations of barley. In contrast, the reverse entry serves as
a summary, providing a consolidated view of the barley transactions or
measurements.

This tablet appears to document the distribution of rations, most likely
grain, employing the Proto-Elamite capacity measurement system. To
assess the relative quantities recorded, the values in each line may be
converted to the NO1 unit using the established conversion factors. It is
assumed that the entries on the obverse represent individual distributions,
while the first entry on the reverse constitutes the aggregate total of the
obverse entries. The rations are recorded with the use of the numerical
sign M288, which most plausibly denotes distinct types of containers,
potentially associated with different commodities or functional purposes.

The obverse seems to list individual distributions, while the reverse
provides a total. This tablet shows a significant difference between the total
rations recorded on the obverse (17921.171 NO1) and the reverse (2416.35
NO1). Several factors could explain this discrepancy. The tablet might be
damaged, with missing parts on the reverse, or the obverse and reverse
might use different accounting methods. Recording errors are also possible.
The reverse could show a subtotal, exclude some obverse entries, or use
rounded numbers. Further research, including a physical examination of the
tablet, comparisons with similar texts, and linguistic analysis, could help
clarify these differences. Overall, this tablet exemplifies a sophisticated
accounting system developed to track and manage barley, highlighting its
economic importance in Proto-Elamite society and the administrative rigor
employed in its control.

MDP 26, 027
The Proto-Elamite clay tablet, cataloged as (NMI BK 03577) within
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the National Museum, Tehran, originates from Susa and dates back to
approximately 3100-2900 BC. This tablet, bearing the primary publication
reference MDP 26, 027 (P008715) in Vincent Scheil’s work, is classified
as a tablet (Fig. 7).

obverse
1. | M157, 2. | M354 , 4(N51) 4(N14)
3. | M3542, (N34(@b) 2(N14@b) 4. | IMO36+1(N30D)| , 6(N51)
5, | IM036+1(N30D)|7,1(N34@b)

reverse

1. ‘ M354, 1(N54) 1(N51) 1(N34)

This Proto-Elamite tablet is a significant administrative artifact dedicated
to the accounting of grain, utilizing the complex Bisexagesimal B and B#
numerical system. The structure of the tablet suggests a meticulous record-
keeping practice, essential for managing this vital commodity in Proto-
Elamite society. The obverse presents individual entries detailing grain
quantities, where the sign M354 likely represents a large unit or standard
measure of grain, perhaps a specific container volume or a collective term
for stored grain. The sign M036, often associated with grain containers,

/
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<« Fig. 7: Proto-Elamite Tablet, MDP 26,
027 (©Image and drawing courtesy of the
Cuneiform Digital Library Initiative (CDLI),
Transliteration by: Authors 2024).
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when modified with “1(N30D),” may indicate a particular type or size
of container, or even a specific variety of grain. Functioning as a header,
M157 at the top of the obverse likely designates the overall context of
the record, such as the type of grain being tracked (e.g., barley or emmer
wheat) or the purpose of the tablet itself (e.g., distribution log or inventory
summary).

On the obverse, entry 1 (M157) has no numerical value, seems to the
header for which the transactions were recorded. Entries 2 and 3 record
quantities of grain. The notation with N34 and N14 in entries 3 and 5 on the
obverse might indicate that these quantities are counted in the (B# system).
On the reverse, the single entry records a quantity of grain, seemingly
counted in the standard Bisexagesimal (B system). The use of the (B#
system) on the obverse, combined with its absence on the reverse, could
indicate a few things as the obverse might record specific types of grain
transactions (e.g., incoming grain, or grain for a particular purpose) using
the (B# system), while the reverse records the total distribution of grain
using the standard B system. The obverse and reverse might represent
different levels of accounting, with the (B# system) used for more detailed
tracking on the obverse and the (B system) used for a simplified summary
on the reverse. The question marks in the transliteration, “M354?” and
“IM036+1(N30D)|?”, indicate uncertainty in the reading of those specific
M signs. This uncertainty doesn’t affect the numerical calculations, but it
suggests that the scribes might have had some variations or complexities in
how they labeled the entries.

This tablet appears to be a well-balanced account, where the total grain
recorded on the obverse matches the total on the reverse. This suggests
a careful administrative practice, possibly within an agricultural trading
center. The tablet might represent a record of grain received (obverse) and
then distributed (reverse). Here are some suggestions about why the M
signs before the numerical (Bisexagesimal B#) might be omitted, and what
they could be that the M sign might be omitted because the context makes
it clear what commodity is being counted. If the tablet consistently deals
with grain, the scribe might have assumed that the reader would understand
that the numbers refer to grain, even without the M sign. Omitting the M
sign could have been a way for scribes to save time and space, especially if
they were dealing with large numbers of tablets. The M sign could denote
the type of grain being counted. The M sign could represent the units of
measurement used for the grain (e.g., bushels, liters, etc.). In this tablet, the
obverse total is (1380 NO1), and the reverse total is (1380 NO1).
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In conclusion, this tablet offers a glimpse into the sophisticated
administrative apparatus developed by the Proto-Elamites to manage
and distribute grain, a cornerstone of their economy. The precision of the
Bisexagesimal system and the detailed recording practices underscore
the importance of grain as a resource and the centralized control likely
exercised over its allocation within Proto-Urban settlements.

MDP 26, 160

The tablet appears to be an administrative record, from Susa, dating
back to the late fourth millennium BCE. It documents the allocation of
resources (rations) to a group of workers. The text uses a combination of
the decimal system (D) for counting workers and the capacity system (C)
for measuring rations, which, according to Dahl (2005) and Friberg (1978),
is a characteristic feature of Proto-Elamite accounting practices (Fig. 8).

obverse

X,

M210~f M054 , 1(N51) 1(N23) 8(NO1)
M288 , 3(N34) 2(N14) 2(NO1)

M288 , 1(N48)

x , 1(N24) 2(N30C)

) | B

In line one, “x” is likely representing an unknown sign used as a heading
or a general descriptor. In line 2, “M210~f M054, 1(N51) 1(N23) 8(NO1)”,
records the first entry. “M210~f M054” could be worker identifiers or job
titles. “1(N51) 1(N23) 8(NO1)” indicates the number of workers. Given
that (NO1 = 1, N14 = 10, N23 = 100, and N51 = 1000), the calculation is
(1108) workers. In line three, “M288, 3(N34) 2(N14) 2(N0O1)” records the
amount of rations distributed using container “M288”. “3(N34) 2(N14)
2(NO01)” indicates the capacity of “M288” containers. In line four which

=2
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4 Fig. 8: Proto Elamite Tablet, MDP 26, 160
(©Image courtesy of the Cuneiform Digital
Library Initiative (CDLI), Drawing and
Transliteration by: Authors, 2024).
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is on the edge, “M288, 1(N48)”. This line records another number of
rations distributed, again using container “M288”. In line five, “x, 1(N24)
2(N30d)”, likely records the amount of rations. “1(N24) 2(N30C)” probably
indicates the quantity of grain or other commodity, measured using the
capacity system (C). To analyze the relationship between the number of
workers and the number of rations, we need to express the rations in to
NO1 units®. The tablet documents the distribution of a significant amount
of rations (2355.33 N1) to a large workforce (1108 workers). Workers
are counted using the decimal system, while the rations are measured
using the capacity system. The entries seem to be organized by worker
group or category (M210~f M054) and rations paid through (M288). The
calculation shows that each worker received an average of (2.126 NO1
units). This suggests a system of organized resource allocation, where a
central authority managed and distributed rations to support its labor force.
The relatively small number of rations per worker might indicate basic
sustenance rations for a large labor force involved in non-intensive labor.
Based on the Immersive amount in Line 2 records “1108 workers”, here’s
an analysis of this large number and its potential implications:

The most straightforward interpretation is that the tablet documents
labor allocation for a significant construction or agricultural project. Proto-
Elamite Susa was a major Proto-urban center, and such a workforce could
have been involved in building or maintaining large-scale infrastructure
like, Irrigation canals, essential for agriculture in the region, monumental
architecture or city walls or perhaps large agricultural fields for organized
farming. At the meantime, the recorded number might represent a seasonal
workforce employed during peak times, such as harvest season requiring
a large number of laborers for a short period or construction season when
weather conditions were most favorable. Moreover, the 1108 workers
might represent the total available workforce in a specific region or under
the control of a particular institution (e.g., an administrative center).
This doesn’t necessarily mean they were all employed on a single task
simultaneously but rather that they could be assigned to various projects
as needed. It is also possible that the recorded number is the cumulative
number of workers over a specific period of time.

A large, centralized administration in Susa would have been capable
of organizing and managing a substantial workforce. The Proto-Elamite
writing system and accounting practices, as evidenced by the tablets,
support this idea. A large workforce indicates a complex economy with
a significant surplus of resources. This surplus could be used to support
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a large number of non-subsistence laborers. The presence of a large
workforce may imply a stratified social structure, with a class of laborers
working for the benefit of the elite. Given the context of Proto-Elamite
society, the workers were likely involved in labor-intensive tasks such
as working in fields, harvesting crops, maintaining irrigation systems or
building and maintaining infrastructure and perhaps producing pottery,
textiles, or other goods.

Conclusion

The analysis of the Proto-Elamite tablets MDP 26, 362 and MDP 26, 027
offers valuable insights into the administrative and economic structures
of Proto-Elamite society. These tablets, originating from Susa, underscore
the critical role of organized accounting in managing essential resources,
particularly grain. Tablet MDP 26, 362, reveals a sophisticated system
for tracking barley. The consistent use of M288, denoting a standard
grain container, and the detailed recording of capacities using a complex
system, highlight a standardized approach to measuring and managing
this staple commodity. The tablet’s structure, with an initial entry defining
the container’s capacity and subsequent entries detailing transactions or
inventory levels, suggests a rigorous administrative practice. The reverse
entry likely represents a summary, consolidating the data from the obverse.
The presence of the Bisexagesimal system in MDP 26, 027, dedicated to
quantifying grain products, further emphasizes the importance of grain in
the Proto-Elamite economy. The system’s blend of base-60 and base-10
elements indicates a nuanced approach to accounting, potentially serving
both large-scale grain management and the allocation of rations. The M
signs on this tablet likely denote units of grain, with variations possibly
indicating different types or measures. MDP 26, 160 provides a glimpse
into the logistical operations of a large-scale labor organization, detailing
the accounting of a substantial workforce and the distribution of rations. The
tablet employs both the decimal and capacity systems, illustrating a degree
of complexity in tracking both personnel and resources. The presence of
entries organized by worker groups and ration containers, combined with
the sheer number of workers (1108), suggests a centralized administrative
system capable of managing significant labor demands, likely for a
major construction, agricultural, or public works project. This implies a
complex economic structure with a capacity for surplus production and a
stratified social organization in Proto-Urban Susa. Together, these tablets
illustrate a society with a centralized authority capable of organizing and
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controlling the production, storage, and distribution of grain. The detailed
accounting practices, as evidenced by the tablets’ numerical precision and
standardized measures, reflect the need to manage a growing population
and ensure the efficient distribution of resources. These findings align with
broader understandings of early urban centers in the Near East, where the
development of writing and complex accounting systems played a crucial

role in supporting social and economic complexity.
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Endnote

1. Approximately 1,646 Proto-Elamite texts are currently known, with the bulk of the published
material originating from the works of Scheil (1905; 1923; 1935), de Mecquenem and Rutten (1949), de
Mecquenem (1956), and Vallat (1971). In addition, 129 previously unpublished tablets and fragments
housed in the Louvre were published by Jacob Dahl (Dahl, 2019), and 89 fragments have been recently
released from the storage facilities of the National Museum of Iran on the CDLI website.

2. Here is the calculation the total rations and rations per worker: Total rations = Line 3 + Line 4
+ Line 5 Total rations = 3N34 + 2N12 + 2N1 + 6N1 + 10 N1 + 10/3 N1 To simplify this, we need to
convert N34 to N1 10N34 = 1N48 3N45 = 1N34 10 * 3N45 = 10N34 30 N45 = I0N34 10N 14 = IN45
30 * 10N14 = 30N45 300 N14 = 10N34 300 * 6N1 = 10N34 1800 N1 = 10N34 180 N1 = 1N34 So,
Total rations =3 * 180 N1 + 2N12 + 2N1 + 6N1 + 10 N1 + 10/3 N1 Total rations = 540 N1 + 2N12 +
18 + 10/3 N1. To convert N12 to N1, we use 6N1 = IN14 and 10N14 = IN45 and 3N45 = N34 and 10
N34 =N48 N12 = 2N14 = 12 N1 Total rations = 540 N1 + 12 N1 + 18 N1 + 10/3 N1 Total rations =
570 + 3.33 Total rations = 2355.33 N1. Rations per worker = Total rations / Number of workers Rations
per worker = 2355.33 N1/ 1108 workers Rations per worker =2.126 N1.

References
- Afshari, H. & Desset, F., (2022). “Investigating the structure of the
Early Proto-Iranian (‘Proto-Elamite’) writing”. Bastan Pazhouh, 26: 26—40.



/

S “a
Yousefi Zoshk et al.; The Scale of Accounting: An Examination of... ;//UM‘;! "/
e . .‘.

- Alden, J. R., Heskel, D., Hodges, R., Johnson, G. A., Kohl, P. L.,
Korfmann, M., Lamberg-Karlovsky, C. C., Le Brun, A., Vallat, F.,
Levine, L. D., Marchese, R. T., Mellaart, J., Nissen, H. J., Shaffer, J. G.
& Watkins, T., (1982). “Trade and politics in Proto-Elamite Iran [and
comments and reply]”. Current Anthropology, 23(6): 613—640. https://doi.
org/10.1086/202914

- CDLI contributors., (2025, August 22). Proto-Elamite (ca. 3100-2900
BC) — Periods. Cuneiform Digital Library Initiative. https://cdli.earth/
periods/5

-Dahl, J. L., (2005). “Complex graphemes in proto-elamite”. Cuneiform
Digital Library Journal, v.4 (2005).

- Dahl, J. L., (2013). “Early writing in Iran”. In: D. T. Potts (Ed.), The
Oxford handbook of ancient Iran (pp. 233-262). Oxford University Press.
https://doi.org/10.1093/0xfordhb/9780199733309.013.0054

- Dahl, J. L., (2019). Tablettes et fragments proto-élamites = Proto-
Elamite tablets and fragments. Editions Khéops; Louvre éditions.

- Damerow, P., (2006). “The origins of writing as a problem of historical
epistemology”. Cuneiform Digital Library Journal, 2006(1). https://cdli.
earth/articles/cdlj/2006-1

- Damerow, P. & Englund, R. K., (1987). “Die Zahlzeichensysteme
der archaischen Texte aus Uruk™. In: M. W. Green & H. J. Nissen (Eds.),
Zeichenlisie der archaischen Texte aus Uruk (pp. 117-166). Mann. https://
hdl.handle.net/11858/00-001M-0000-002A-D4D9-3

- Damerow, P. & Englund, R. K., (1989). The Proto-Elamite texts from
Tepe Yahya. The American School of Prehistoric Research Bulletin 39.

- Desset, F., (2016). The Proto-Elamite writing in Iran. Archéo-Nil.
https://doi.org/10.3406/arnil.2016.1104

- de Mecquenem, R. & Rutten, M. M., (1949). Epigraphie proto-élamite;
Archéologie susienne (Vol. 31). Mémoires de la Délégation Archéologique
en Iran. Presses Universitaires de France.

- de Mecquenem, R., (1956). “Notes proto-¢lamites”’. Revue
d’Assyriologie et d’Archéologie Orientale, 50(4): 200-204.

- Englund, R. K., (1996). “The Proto-Elamite script”. In: P. T. Daniels &
W. Bright (Eds.), The world's writing systems (p. 160). Oxford University
Press.

- Englund, R. K., (1998). “Proto-Elamite”. In: Encyclopaedia Iranica
Online. Brill.

- Englund, R. K., (2004). “The state of decipherment of Proto-Elamite”.
In: S. D. Houston (Ed.), The first writing: Script invention as history and
process (pp. 100-149). Cambridge University Press.

\Archaeological Research of Iran




N\
=R

Archaeological Research of Iran/

Vol. 15, No. 45, 2025

- Englund, R. K., (2011). “Accounting in proto-cuneiform”.
In: K. Radner & E. Robson (Eds.), The Oxford handbook of
cuneiform culture. Oxford University Press. https://doi.org/10.1093/
oxfordhb/9780199557301.013.0002

- Etemadifar, D. & Yousefi Zoshk, R., (2024). “The evaluation of
children’s labor during Proto-Elamite period in late 4™ millennium B.C.”.
Archaeological Research of Iran (Pazhoheshha-Ye Bastan Shenasi Iran),
14(41): 115-131. https://doi.org/10.22084/nb.2024.29383.2683

- Friberg, J., (1978). “The early roots of mathematics”. Part 1.
Mathematica Scandinavica, 43: 171-195.

- Friberg, J., (1984). “Numbers and measures in the earliest written
records”. Scientific American, 250: 110-118. https://doi.org/10.1038/
scientificamerican0284-110

- Friberg, J., (1994). “Preliterate counting and accounting in the Middle
East: Evidence, problems and conjectures”. Mesopotamia, 29: 1-48.

-Friberg,J.,(1999).“Counting and accounting in the proto-literate Middle
East: Examples from two new volumes of proto-cuneiform texts”. Journal
of Cuneiform Studies, 51:107—137. https://doi.org/10.2307/1359734

- Friberg, J., (2019). “Three thousand years of sexagesimal numbers”.
Archive for History of Exact Sciences, 73: 183-216. https://doi.org/10.1007/
s00407-019-00221-3

- Hessari, M. & Yousefi Zoshk, R., (2023). “A “new” Proto-Elamite
tablet with an unattested numerical system from Tappeh Sofalin”.
Archaeological Research of Iran, 13(37): 149-159. https://doi.
0rg/10.22084/nb.2023.28029.2607

- Kelley, K., (2018). “Gender, age, and labour organization in the
earliest texts from Mesopotamia and Iran (c. 3300-2900 BC)”. Doctoral
dissertation, University of Oxford.

- Le Brun, A. & Vallat, F., (1978). “L’origine de I’écriture a Suse”.
Cahiers de la Délégation Archéologique Frangaise en Iran, 8: 11-52.

- de Morgan, J., (1900). Recherches archéologiques. Mémoires de la
Délégation en Perse 1.

- Nissen, H. J., (1986). “The archaic texts from Uruk”. World
Archaeology, 17(3): 317-334. https://doi.org/10.1080/00438243.1986.99
79973

- Nissen, H. J., Damerow, P. & Englund, R. K., (1990). Friihe Schrift
und Techniken der Wirtschafisverwaltung im alten Vorderen Orient:
Informationsspeicherung und -verarbeitung vor 5000 Jahren. Franzbecker.

- Nissen, H. J., Damerow, P. & Englund, R. K., (1991). Friihe Schrift



Yousefi Zoshk et al.; The Scale of Accounting: An Examination of...

und Techniken der Wirtschaftsverwaltung im alten Vorderen Orient:
Informationsspeicherung und -verarbeitung vor 5000 Jahren (2™ ed.).
Franzbecker.

- Nissen, H. J., Damerow, P. & Englund, R. K., (1993). Archaic
bookkeeping: Early writing and techniques of economic administration in
the ancient Near East University of Chicago Press.

- Potts, D. T., (1999). The archaeology of Elam: Formation and
transformation of an ancient Iranian state. Cambridge University Press.
https://doi.org/10.1017/CB0O9780511489617

- Scheil, V., (1905). “Documents archaiques en écriture proto-élamite™.
Mémoires de la Délégation en Perse, 6: 57-128.

- Scheil, V., (1923). Textes de comptabilité proto-élamites. Mémoires de
la Délégation en Perse, 17.

- Scheil, V., (1935). Texte de comptabilite. Mémoires de la Mission
Archéologique en Perse, 26.

- Vallat, F., (1971). “Les documents épigraphiques de 1’acropole (1969—
1971)”. Cahiers de la Délégation Archéologique Frangaise en Iran, 1:
235-245.

- Vallat, F., (1973). “Les tablettes proto-élamites de 1’acropole
(Campagne 1972)”. Cahiers de la Délégation Archéologique Frangaise en
Iran, 3: 93-105.

- Vallat, F., (1978). “Le matériel épigraphique des couches 18 a
14 de I’acropole”. Paléorient, 4(1): 193—195. https://doi.org/10.3406/
paleo.1978.4221

- Vallat, F., (1985). “Eléments de géographie élamite (résumé)’.
Paléorient, 11(2): 49-54. https://doi.org/10.3406/paleo.1985.4375

- Vallat, F., (1986). “The most ancient scripts of Iran: The current
situation”. World Archaeology, 17(3): 335-347. https://doi.org/10.1080/0
0438243.1986.9979974

- Yousofi Zoshk, R., (2010). “The emergence of pre-State institutions in
the central plateau of Iran; TheProto Elamite Chiefdoms in Tepe Sofalin-
Pishva”. Unpublished doctoral dissertation. Tehran University. [in Persian]

- Yousefi, R., Afshari Salaki, H. & Etemadifar, D., (2025). “Bridging
the gap: Godin Tepe and the origins of Proto-Elamite communities”.
Journal of Archaeological Studies. Advance online publication. https://
doi.org/10.22059/jarcs.2025.392835.143343

/
O AN
=Y

\Archaeological Research of Iran




a N\
@ A
QX

Y
L,-/J’MZ'; -

P. ISSN: 2345-5225 & E. ISSN: 2345-5500

o i il ol it \\ b 3

ool 515l «Laslis by 0558 JLiiils 1
\)l)T o&zsls ‘Iﬁ_uu_:—u,uol)s ..\_’>|3 :L;:Luul H_l:. 9

(J}i_um fb_\.\_u.uy) UI)—" ‘u_ml)9 ‘L;oﬁ_wl
Email: rouhollah.yousefi@iauvaramin.ac.ir

o».? ‘Ls_mL.wuL.wL: L;l)_'.'f\) 69}:.».:‘.) all
(sl pale 5 @bl uSiisls ¢ puslis ol
LJI)—" ‘o|)_e‘3 ‘Ol)—@ oty

055 mwlidoliwl oS> gemzaly LI
(sl pale 5 @bl 88y ¢ puslis ol
ool ol oLl cwligios g pals dsly
ol coled

S glzdl allzgy hws ais 4 gl
> dld.:JUa.m) (VYY) (L:J) ‘)_’-)L;.)Le.&l 9 o>
slaris S (Slsme Jobo glulus ol
890 3 d9290 Yo (g3ue Byl L (gt (oMbl
B R R U o VP WO U SIS N B
https://doi.org/10.22084/ .r-ay :(fa)ya

nb.2025.30816.2768

9 i 20l u,mL..uul.uab bﬁ)f ;o.LC dolilnd
ul)_:l ‘ol.\.@m Ah.:_ﬁﬁ‘—;l-c% o&isly ‘LS)L‘”‘”

N (B)odiunss & Glate itws ol Mozl 3> @
ool b e g0 o8l callio -yl 6 © Ve . and]
oolatl g5 yo g oddipiiiio yj (2l o dlie (il
oley by i 4 g dlitsl yy bgydis (31 )20t
cawl sl 55 (3l 0 5000 Lyt
Creative Commons Attribution-NonCommercial
4.0International license (https://creativecommons.
org/licenses/by-nc/4.0/).

© The Author(s)

LA lgione Judodi: (g5l lwes (wlidlo 5 glanlliae
ol o 890 53 352 50 Wb (5348 (5,1 b gl (MILET

& https://doi.org/10.22084/nb.2025.30816.2768 :(DOI) Jluzsd duslis
VX /¥ /Yo 1 o o)l V¥ /Y /Y0 15,8550 oy 5 Y AY/YD :dlys gyl
gy ellis g5
W-NY 2 oo

b“

A4

b2l e 550 )3 39250 (oMBLEl At 8 )lea Gaoe Jalos 4 il o
load ey goae laodly angi bl poxs 5l (gloyeny Jdods aS sjloys o
P92 dass )V (sl oo dnlllas (lys ylas oS o b Loz o) (ol LS
ol (o 50 0l Bl b (slabgome (58 )3 sl i p)laz B3
claplas g loaslis oo g (ololid 1o gl 35505 9l o0 wld coduzen
o\)):i...f slaools 0_3‘ cud sl u..a}U)LcT oS as el d‘e% o4
(Beuais olass lapllas Jolas 3,58 benu p 0y S L caslass S Sy
oKstwa ggu dlﬁ)lg”l.w)‘ 02y (ygke u.:l W)y (> Lsalfwa_wg.) ‘u_:woS
soolie 385 el cabls asb oo (blys Lisas 48 3)ld ey )8 gyl
)I sd_:wb)Lu.))yo é_)l.\.o)‘ TN uu.‘o b LS L;Lm)!lfwl 039 |)‘.) I)Ylfu%
SopS el 039y i parass g me sl adbiolle olas ) S0la
0599 U"‘)J Uhg d&La.dl u"l"ﬁ")‘ (_S\AM-M)))‘ M‘ﬁ.w ‘me9.\ U"‘ Eds Lngo.)b
9 ey whate loaSiud 2529 aolio Copte gy (oo j g dB3 (oo Cmddy
WS o0 S B g (el laabgare 51,3105 () los bl )8 oSl
S 393 ol blien b dunlio ;o oMhilel coue slaaslis aisyn
35503 Lol cdimd o CL55L |y 0505 « oS s Simyd i 3l diwls s g oloe (gpuas
loged (95 Sl olusy 42383 las olito S (il poF 2 Syiie
pars dmodly b g o )0 alas g By s ol wal) S5 3485 (o )lulus
Se goladl ol s 5 oS (g9 (puilojlu g dile coppie gl (Sl
gy 1 LS Ty ogie dalllae ool slanaidl by o sloidds dawes Jlsyd 5S)e
.A}L.»)L;o Lg)lg Lsgl.zb)\fg)’l.w% w.e‘.e A dg>g0 (LA LgLam.)‘.) ijl.é&..i‘:an J...bu
WS o iy Olal ) (et SLET paly (S 9 by s &S

)z o A (S 0l e IS ¢ g (oW B9 S


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-4229-816X
https://orcid.org/0009-0001-5742-7414
https://orcid.org/0000-0002-0703-4153

