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AHHOTauusl. B mocinenHue rofpl CETH HAJOTOIUIATENBIIMKOB SIBJSIOTCS OAHOM M3 OCHOBHBIX TE€M HCCIIEIOBaHUH,
YUMTBIBAs PACTYIIYI0 NPUMEHHUMOCTb COBPEMEHHBIX TEXHOJOTMYECKUX PEUIeHHM M PacTyLIyl0 Ba)XHOCTb JUIsS
HaJIOTOBBIX OPTraHOB BBISIBJIEHUS CKPBITHIX B3aUMOCBS3€M MIIH 3aKOHOMEPHOCTEH B MOBEIEHUN HAJIOTOILIATENILIIUKOB.

B 3TOM MCCnenoBaHUMM CETHU HAJOTOIUIATENBIIMKOB BU3YAIU3UPYIOTCS M AHAIM3UPYIOTCS C NPUMEHEHHEM METOIOB
CETEBOT0 aHAJIM3a, a TAKXKE MPEUIaraeTcsi 0000maemMas METOIOIOTHS OTCICKUBAHUS MPOAYKIAH TI0 IETIOYKE ITOCTABOK.
[To cyTH, ceTn HaJOTOIIATEIBIINKOB OTOOPAXKAIOT CETh CBSI3€H MEXIy HAJIOTOILIATENbIIMKAMH, MOJIEPKUBAS TOTOK
TOBapoOB, YCIyr W (HUHAHCOBBIX OIepaluil MeXIy HHMHU. l[Ipenpyiylue WCCICHOBAHUS IIOCBSIICHBI BOIPOCY
KJIacCU(UKAIMU TPOMYKTOB M3 HAJIOTOBBIX JOKYMEHTOB. COBpEMEHHBIE METOIbl OOPAOOTKH ECTECTBEHHOIO S3bIKa
ObUTM MPUMEHEHBI I KaTeropH3aldd MPOMYKTOB, YUHMTHIBAas TOJBKO ONMUCAHHE MPOAYKTa HA apMSIHCKOM SI3bIKE U
OTpaHUYCHHYI0 HUH(OpMaIui. Pa3paOoTaHHBIN alrOPUTM KCIOJIB30BAJCS B KAueCTBE OTIPABHOW TOYKH IS
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OIIPEAEIIECHUsSI TOT0, KAKKE HAJIOTOMJIATENbIINKY yYaCTBOBAIN B TOPIOBJIE KOHKPETHBIM TOBAPOM H, CIIE€A0BATEIBHO, IS
nocTpoeHus: cetd. Habop mpomykToB OBLI BBIOpAaH Ul MOCTPOEHMS CETH HAJOTOILIATEIbLINKOB, (HOPMHpYOIIEH
LIETIOYKY MOCTaBOK OT MMIIOPTEPOB 10 KOHEYHBIX MOTpeouTeneil. C yueToM HalleHKH KOJINYECTBO UMIIOPTUPOBAHHOTO B
ApMeHHIo puca ObUIO OOHAPY)KEHO M HMICHTU(QHIMPOBAHO HA IOCIEAHUX Y3JaX LEMOYKH IOCTABOK, IPOAAHHBIX
KOHEYHOMY MOTPEOHTEIO0, U 3a()MKCUPOBAaHO B HAJOTOBBIX KBUTAaHIMSAX. B Xo/e aHanm3a TakKe yYUTHIBAIOTCS TaKHe
(haKTOpBl, KAK MECTHOE INPOU3BOACTBO, W IIPEUIATAIOTCS PEIICHMs, BKIIOYAIOUNINE IIEHOBBIE (DMIBTPHI Ha TOBAapHl,
MOZJIEKAIIIE TOPTOBIIE, VIS (GHIBTPALIMA MECTHOTO IPON3BOJICTRA.

KiroueBble c10Ba: CeTH HaJIOTOIUIATEINBIINKOB, 00paO0TKa €CTECTBEHHOIO SI3bIKA, CETEBOM aHAIIN3, OTCIEKHBAHHE
HMIIOPTa, OTCIIEKHUBAHHIE TIOTOKA IPOAYKIMH, LIETI0YKa MOCTaBOK, TPAH3AKIMOHHBIE IOKyMEHTEI

Introduction

Efficient tax collection is a cornerstone of any

functioning economy, and tracking mechanisms are
of a high importance in this domain. In the context
of Armenia, where imported goods form a
significant portion of the market, understanding the
intricate flow of these goods from importers to final
consumers is paramount. This process, often
referred to as "good flow tracking," describes the
intricate web of transactions within the supply
chain, facilitating not only fiscal accountability but
also enhancing economic transparency and
governance.
In the setting of this research, taxpayer networks are
defined as the connections formed through pairwise
interactions between taxpayers. These interactions
represent the relationships between entities involved
in economic transactions, such as buying and selling
goods or services. Moreover, the emergence of
interconnected networks among taxpayers amplifies
the importance of effective tracking mechanisms.
Understanding and leveraging these networks gains
vital importance for tax authorities to adapt to the
evolving landscape of economic activities and react
respectively from both functional and legal
perspectives.

This papers, delves into the intricacies of
constructing a Supplier-Buyer Network within the
context of Armenia's taxation system. By harnessing
the power of NLP, data analytics and network
analysis techniques, the interconnected relationships
among taxpayers are visualized.

The main contribution of the research is
constructing product flow tracking networks from
import to final consumer. The significance of the
research contribution is amplified with the
suggested evaluation approach which compares the
final consumer sales and import amount for the
same product where final sales is adjusted by an
average markup and other external factors are
considered.

Literature review

Customs authorities in different countries have
widely adopted analytical technologies, employing a
mix of big data, data analytics, artificial intelligence,
and machine learning. Even those not currently
utilizing these tools have intentions to incorporate
them in the future. Most authorities recognize
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significant advantages from these advanced
technologies, especially in enhancing risk
management, profiling, fraud detection, and

improving tax collection practices [8, p. 7-9].

Many researchers acknowledge the importance
of the network analysis in the taxation system, given
that taxpayer tend to act more and more in a
collaborative manner [4, p. 1-3] and traditional
approaches are not efficient anymore [3].

Baghdasaryan et al. [2, p. 16-18] showcase the
importance of the taxpayer buyer-seller network and
provide evidence of network effect on real life data.
They show that the company historical audit
information can be replaced by its network
information with no harm on the accuracy of the
fraud prediction model.

In their study, Alexopoulos et al. highlight the
importance of the analysis of taxpayer networks as
many hidden insights may arise when analyzing the
interactions rather than taxpayers individually [1,
p-2-3].

Recent studies have shown that traditional
auditing methods struggle with the complexities of
taxpayer transaction relationships and to address
this, researchers from China suggest a novel
framework based on fused transactional network
representations integrating transaction network
topology and taxpayer attributes to enhance tax
evasion detection. They test the methodology on
real-world tax dataset and the suggested methods
ends up providing superior results to those of the
state-of-the-art approaches [7, p.241].

In a related study, researchers construct a
framework analyzing the connections and trade-offs
between taxes and traditional cross-border supply
chain modeling features [5, p. 20-46].

Another research suggests employing data
resampling techniques alongside the Random Forest
ML algorithm to create a framework that identifies
typical  patterns and  highlights  features
distinguishing transactions involving strategic goods
from the larger context of international trade flows
[6].

Methodology

To construct a supplier-buyer network for
tracking imported goods within Armenia's tax
transaction records, a multi-step approach was
employed.



Firstly, building on previous research
addressing product classification from transactional
tax documents, modern Natural Language
Processing (NLP) techniques were applied to
categorize products based on Armenian language
descriptions. The resulting algorithm representing a
combination of several similarity scores provided a
basis for identifying taxpayers involved in specific
goods trade, serving as the cornerstone for
constructing the taxpayer network. A selected set of
products was then chosen and the supply chain
networks for those products were constructed and
visualized. = These  networks  reveal  the
interconnections among taxpayers, illustrating the
flow of goods, services, and financial transactions
between them. Finally, the methodology compares
the imported amount of the product with the internal
trade records and based on various typology of
supply chain, the research suggests estimates of tax
revenues forgone due to utilization of untaxed or
less taxed supply chain options by the taxpayers.

The experiment focused on two key products:
milk and rice, selected for specific reasons. Firstly,
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milk was chosen due to its shorter cycle compared
to rice. Secondly, milk is extensively produced
within Armenia, whereas rice is predominantly
imported. Thirdly, there exists a relatively limited
number of importers for these products, facilitating
the preliminary validation of the obtained network
and analysis.

The supply chain graph below illustrates the
journey of goods from import to final consumer,
traversing through several key nodes. At the outset,
goods are imported into the country, initiating the
supply chain process. The importer sells them to a
supplier. The supplier, acting as an intermediary,
facilitates the distribution of goods to wvarious
companies or business entities, which themselves
can be retailers or suppliers again. Finally, the goods
reach their ultimate destination at the final
consumer. This graph succinctly captures the
interconnected flow of goods through the supply
chain, highlighting the pivotal roles played by
importers, suppliers, companies, and ultimately, the
end consumers.

Figure 1. An example of a supply chain from a single importer to consumer.

Importer Supplier
ABC XYZ
wholesale
Results

The network is constructed based on invoice
and tax-receipt data. It is worth mentioning that in
the invoices the seller has a legal opportunity to not
disclose the buyer. So, wherever the buyer
information is provided the network goes deeper
while when it is missing or when the products are
sold with tax receipts it stops.

Milk is equally imported and produced locally.
Given the fact that exact differentiation between
imported goods and local production is not possible
as there is no identifier, we apply a price filter to
separate local production. The minimum invoice
price of the first level transaction in the supply chain
+ markup (30%) was used as threshold for filtering.

The chart below shows the supply chain a
product, e.g. milk passes from import to final
suppliers.

The construction of the network involves
multiple layers that correspond to successive trade
transactions, each revealing crucial insights into the
trajectory of imported goods. These layers extend
until the point where no further transactions with
invoices occur, indicating that the imported goods
have reached their final destination, typically the
consumer market.

Supplier
LMN

retail

Final
Conumser

J

Within each layer of the network, three distinct
nodes are identified:

- The primary node serves as the core track,
capturing the initial acquisition of goods by the
buyer, complete with comprehensive transactional
details. This node allows tracking of subsequent
steps in the supply chain.

- The secondary node denotes sales
transactions recorded without complete buyer
information on the invoice. This absence of critical
buyer data disrupts the flow of the network,
rendering it untraceable beyond this point. It is
important to highlight that legally the buyer
information is not a requested field for some
predefined cases.

- The final node provides insights into sales
transactions documented with tax receipts, signaling
the culmination of the supply chain as goods are
sold to end consumers through retail outlets. These
nodes signify the consumption of goods by the
population, effectively marking the conclusion of
the supply chain journey.

Overall, the total amount of milk consumption
can be calculated as the sum of the sales with tax
receipt in each layer of the network and the sales
with invoice where the buyer is not identified so
total import (X) should be equal to the sum of F2-F6
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. We should consider that the sales invoice with
missing buyer identification may not in fact be
directly consumed, thus we need to add some
markup there to simulate the reality. To see how
successful the identification of the given product
along the network was, we need to compare total
final consumption to the imported goods and the
difference should be approximately around the
imposed markup, which will be considered 30% in
our case.

The analysis revealed a significant disparity
between the recorded import volumes and the final
consumption of milk within the network. Notably,
the consumption volume surpassed the imported
quantity by more than threefold, indicating that the
implemented unit price filter of over 500 dram per
unit was insufficient in completely excluding locally
produced milk from the dataset.

In order to affirm the assertion regarding the
discrepancy between imported and consumed milk
amounts, a parallel experiment was conducted
focusing on rice, a commodity not locally produced
within the region. Unlike milk, which is subject to
potential misclassification due to the presence of
local production, rice serves as an ideal counterpoint
as it is predominantly imported. Thus, the experi-
ment eliminated the need for applying price or other

filters during the network construction phase for
rice. By employing this comparative approach, any
observed disparities between imported and
consumed quantities of rice can be attributed solely
to factors showcasing some anomalous situation,
without the confounding influence of local produc-
tion. This methodological extension not only
bolsters the validity of the findings but also provides
a comprehensive understanding of the nuances
inherent in the supply chain dynamics of both milk
and rice within the studied context.

As mentioned before, the final consumption
can be estimated with the sum of tax receipt sales
and invoice sales where the buyer is not identified in
all levels.

The experiment on rice showed that the
identified final consumption in the network based
on automated product classification is around 1.1
times the imported amount.

Tax receipt amounts in the network are shown
in absolute values but were later adjusted with 30%
markup for calculations. This shows that almost all
the imported rice was identified with the approach
adopted by the team and proves the assumption that
the reason behind the mismatch of the milk amounts
was the local production.

Figure 2. An extended chain of a single product distribution: from import to final consumer.

Invoice / Acc
with BUYER

Importers
Imported product value - X

Invoice / Accwithout BUYER

Tax receipts

l

Suppliers

# invoices - N1
Invoice value - X1

Buyers

Invoice / Acc
with BUYER

l

# invoices - N2 Sellers

Invoice value - F2

Tax receipt value - F3

Tax receipts

Invoice / Acc {Ihnut BUYER

!

# invoices - N4
Invoice value - F4

{

Suppliers

# invoices - N3
Invoice value - X3

# Buyers - 46

Tax l&ceu](s

Sellers

Tax receipt value - F6

Conclusion

In conclusion, our study underscores the
efficacy of network analysis in conjunction with
NLP techniques for tracking product flow from
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import to final consumer. Through the integration of
these analytical methodologies the networks were
constructed and visualized facilitating the
identification of key transactional patterns and



trends. By harnessing the power of network
analysis, the interconnected relationships between
importers, suppliers, and consumers were revealed,
shedding light on the pathways through which
goods traverse the supply chain. Furthermore, our
findings emphasize the importance of incorporating
NLP techniques to categorize goods accurately,
thereby enhancing the traceability and reliability of
supply chain analyses.
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