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Abstract

The growth of the world population forces a more outstanding and more efficient food production, forc-
ing agribusiness into the race for greater productivity. Thus, agrochemicals as a tool for increasing and
defending production have become more critical with each harvest. This work presents an ontology that
describes the knowledge involved in the need for Agrochemical Pervasive Traceability Model (APTM).
This proposed ontology is called ontology for pervasive traceability of agrochemicals (OntoPTA). We
present classes and their relationships in a hierarchical way and a visualization from the OWL ontology
language. This ontology fills the gap in the understanding and modeling of this type of agribusiness pro-
cess. This modeling helps farm administrators and software developers to perform better analysis for the
development, use and maintenance of systems in agribusiness.
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Introduction

The population growth has been increasing year after year, and currently, it is close to 8 billion
people (the last estimate in 2019 had exceeded 7.5 billion) [1, 2].To meet this population growth,
agriculture is of paramount importance. Agriculture becomes relevant for the production of food for
people and animals (in the form of animal feed) and also as an engine of the trade balance [3, 4].

When dealing with food production in agriculture, it is inevitable to address the use of agro-
chemicals in the production chain [5]. Agrochemicals are unique products due to their intrinsic
characteristics such as ways of operation, commercialization, storage, and disposal [6, 7], including
specific legislation both in Brazil and internationally [8]. The increased need for greater land
productivity with monoculture operations (such as soy, corn and cotton) demands greater use of ag-
rochemicals [9].

The use of agrochemicals is carried out in a supply chain with a reverse route; that is, the pack-
aging of the product used must return to this chain for its proper disposal; there is a need to monitor
the events of this supply chain [10, 11]. Technology becomes an ally of the rural producer; Disrup-
tive technologies such as blockchain, Internet of Things (IoT), and machine learning can help in-
crease agricultural production; helping the producer in the management of the agrochemical supply
chain and operation [12-14].

The area of pervasive traceability of agrochemicals is wide. It presents several challenges such
as the integration of systems, the need for standardization of sensors and microcontrollers to detect
packaging movements, regulation on the use of technologies for this type of product, use of private
blockchains and government blockchains green certificates for rural producers who record correct
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operations in blockchains generates the possibility of gaining tax incentives from documentation of
transactions recorded in blockchains.

We detected as a gap the lack of reliable traceability of the movement of agrochemicals both in
the supply chain and within internal operations on the farm [15]. The need for transparency of oper-
ations for those involved in the same production chain could improve commercial relations [16].
The need to monitor high-cost products during the production process is also necessary. The han-
dling of products that are toxic to people and the environment is of interest to various actors, includ-
ing government agencies [17, 18]. In addition to scientific journals via media such as the traditional
press addressing environmental, fiscal, and worker health problems [19-21], indicating the escala-
tion of the issue.

This paper presents an ontology suggestion focused on pervasive traceability in the agrochemi-
cal reverse chain. We are introducing concepts related to monitoring them through disruptive tech-
nologies (blockchain, IoT, machine learning). It can also be considered a complementary and evolu-
tionary work of the model of pervasive traceability of agrochemicals [22].

This article is organized as follows: a brief introduction to the topic, a section presenting con-
cepts discussed on the pervasive traceability of agrochemicals and ontology; a section presenting
related works; a section addressing the application of the proposed ontology and finally a analysis
and conclusion, including limitations and future work.

1 Theoretical background

Several concepts are presented to explain the domain to which the ontology is proposed such
as: ontology, reverse supply chain, [oT, machine learning, and blockchain.

1.1. Ontology

Ontology is a reference to the specification of a conception, allowing the development of a
model for an area of knowledge, becoming a repository of meanings [23]. The ontologies can be
different according to the assertions of different individuals [24]; thus, ontology becomes meaning-
ful for those who are familiar with its domain area. ”Ontology is the basic description of things in
the world” [25]; more elaborately, it can be considered a documentation item or artifact in the area
of software engineering or information science. The ontology concept will be applied later in the
following sections to represent knowledge in the traceability of agrochemicals.

OWL (Ontology Web Language)' is used as a language to descript ontologies. The Protegé?
tool is used for ontologies containing the following elements: a) classes: they are sets of what you
want to represent; b) attributes: characteristics of objects (or individuals); c) individuals: they are
objects or instances of classes. It can be seen as the instance of objects or a singular representation
of an object; d) properties or relationships: they are the means of interconnection between individu-
als. Properties can be of the type: I) object property or II) properties that connect individuals to val-
ues.

1.2. Reverse supply chain

The logistics of products that are concerned with the return of the used product or its packaging
in a reverse flow, that is, leaving the consumer towards the factory, is called reverse logistics [26].
End-of-life (EOL) products are collected and returned by their users and re-entered the supply
chain, starting the reverse path, which will end with repair, disassembly, remanufacturing, recy-

" https://www.w3.org/TR/owl-guide/
? https://protege.stanford.edu/
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cling, and disposal [27]. Agrochemicals are also products whose packaging must be returned in the
reverse chain [28, 29].
The reverse chain is one of the | Covemment
. . - agencies Te.
ways in which the products and later T
the packaging of agrochemicals trav- -~ S
el; Internally, on the farms, traffic

Electronic jmﬁéice arild tax‘l!pcuments

- & -
moves randomly according to the g — & g
physical layout of each property. An | Pty &> coney [T Sre > Fam
example of the reverse supply chain ""*9’ f & o
can be seen with its actors and the I <o
logical sense of its flow. Several ac- Emply ™~ | - ";Ez‘k‘;ge
tors are present in this logistics chain package ] Disposal g~
(participants who manufacture, move
and operate products and packaging). ___, Agrochemical path
The actors in this scenario can be 3 Reserve path (empty package)
seen in Figure 1; it is also possible to - ---- »Electronic invoice and tax documents

observe the flow of accessory docu-
ments that are necessary in the moni-
toring of used products and packag-
ing, indicating the need for transit of legal and tax information for its operation.

Figure 1 - Actors and agrochemicals reverse the supply chain flow [22]

1.3. Internet of Things

Communication between various electronic devices and sensors via the Internet in order to
make life easier for its users is considered the 10T; the use of devices and sensors provides data and
interaction in various environments [30]. An IoT network can be seen as a broad communication
infrastructure with multiple devices ubiquitously, enabling multiple services to also be delivered in
multiple locations as well as the collection of information in locations of greater network capillarity
via a rich array of sensors [31]. IoT is of interest for monitoring agrochemical packaging in two sit-
uations: a) in the supply chain,
sending data such as barcodes
and QR codes shared between
the actors in the chain, and b) :
inside the farm triggering sev- H%‘é :
eral sensors and indicating
their positioning by collecting o
data for its respective monitor- S o

999

devices,
ing. Figure 2, show IoT basic  Agrochemicals Sensors and computer ~ Cloud, storage, Distributed
blocks Packages microcontrollers network blockchain application

Figure 2 - IoT basic blocks
1.4. Machine learning

Machine learning refers to the ability to learn from past experiences in the form of historical da-
ta to improve future actions. The development of a system that uses machine learning in some char-
acteristic activity [32], is one of the many categories within artificial intelligence [33] that propose
to teach computers to complete specific tasks without the explicit need for programming and using
previously collected data [34]. Machine learning is also a branch of artificial intelligence closely
related to computational statistics, which is very focused on [35] prediction. Machine learning
comes into play by generating analytical information after processing data collected by sensors and
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microcontrollers; these devices monitor operations with agrochemicals within the farm. A brief rep-
resentation of the machine learning process can be used with the input of data, the extraction of fea-
tures, and the division into a supervised and unsupervised path where the algorithms operate and
later the output of this process.

1.5. Blockchain

In January 2009, Bitcoin was created, attributed to the pseudonym Satoshi Nakamoto; his ideas
were disseminated via article [36]; describing ideas that underpin the blockchain. Blockchain can be
conceptualized as a data structure that only receives data (not allowing deletion or alteration) with
the addition of a timestamp, storing this data in a chained and sequential way in a distributed point-
to-point network [37]. This read-only guarding technology for chained data allows trust, verifica-
tion, credibility, and transparency [38]; in addition to the ubiquity characteristic that distributed
networks provide. These blocks are structured to contain a time mark (timestamp) and a hash code
that assists in pointing to the other previous blocks. Then reinforcing the immutability of the block-
chain [39]. Blockchain are often used in logistics projects [40, 41]; contributing to the recording of
the movement of assets among the actors. A brief representation of a block structure with pointers
to the previous blocks

can be seen in Figure 3 N block r_wmber N block number N+1 N block number N+2
Version Version Version
Initial hash P Previous hash | Previous hash
Actual hash block [ Actual hash block [ Actual hash block
2 Related work Timstamp Timstamp Timstamp
Transactions Transactions Transactions

On ontology some
studies address (articles Figure 3 - Simplified Blockchain Schema
were searched with an
example of ontology application): A) eHealth is an ontology that increases interoperability between
different heterogeneous systems networks and provides situational awareness in the area of health
[42]; B) Studies on the use of ontology to document and treat logistics from the user as the central
point of the distribution of the chain [43]; C) Interoperability is addressed in a basic supply chain
aimed at increasing communication and interoperability between participants [44]; D) Present a ref-
erence in the form of ontology for manufacturing industries (in particular yarn production) that can
be reproduced and expanded in their production process [45]; E) The authors [46], held a discussion
on the use of an ontology for the industry area and how it could be integrated into the development
process in a modular and reusable way, including two domain areas: logistics and production plan-
ning; F) An ontology in the selection of suppliers for a green logistic supply chain [47]; G) a open-
up with ontology was used to enable an agro-food supply chain [48].

On traceability we have some studies that point out: a) Some authors have addressed standardi-
zation, legislation and political aspects related to the tracking of dangerous products; indicating cas-
es in Brazil and comparing the acceptance by farmers and others of the recycling of pesticide pack-
aging [5]; b) other studies indicate Brazil as a model case to be followed and studied with regard to
regulation and policies of return of packaging and recycling [49]; the opposite occur in developing
countries such as Ghana which must evolve in the regulatory and legislation aspect, mainly involv-
ing agrochemical [50]; ¢) other authors have proposed blockchains addressing drug chains with the
combined use of smart contracts [51]; d) the combined use of tracking technologies such as RFID
(Radio Frequency IDentification) and facial recognition is also explored in the case of loads with
high value and dangerousness [52]; in [53] also proposed the combined use of technologies for
identification such as barcodes with RFID and even holograms among others; ) alternatives for the
traceability of products with an appropriate labeling system and their management by the actors of
the reverse supply chain are pointed out by [54]; ) another study points to the combined use of
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RFID and blockchain in situations where supply chain members could change include through min-
ing focused on food logistics [55].

3 Methodology

The development methodology used in this section presents how the documentation of a busi-
ness area (agrochemical reverse logistics) can be performed using ontology, via modeling an ontol-
ogy application with Protégé.

3.1. Proposed model

The application in focus aims to monitor agrochemicals in a reverse logistics chain. Monitoring
uses data at two levels: a) in the reverse logistics chain and its actors, and b) inside the farm with
operations with products perceived by IoT sensors and devices. A more detailed view of this supply
chain can be seen in Figure 4. This ontology proposal is a complement to the proposed model for
pervasive monitoring of agrochemicals [22]. In this scenario, the farm plays a central role that is
detailed below: the logistics chain begins at the agrochemical plant developing the product; the
product is subsequently sold and transported to the distributor; the distributor temporarily stores the
product until it is sold and sent to a store; the store receives the product and stores temporarily until
the sale to the farmer is made.

e o= R
Agrochemical
Tier 1,
agrochemicals  Tier 2, fog Tier 3, SQL visuali.lz—:;::;
package, empty ~ network, database and
package, machine blockchain
Sensors, learning, data
Government microcontrollers processing
.-7| agencies |¥-.

AR

Electronic ipvoice arid tax documents

o
o~
T o g
Factory 2 LTIt & Store £ Farm
I3 center & ! é?
(=] < ' S
. & <
. ol
i _-Empty
Empty ™~ = " package
package “..| Disposal |4~

center

Figure 4 - Reverse logistics chain and layers inside the farm

The activities carried out within a farm can be summarized as: the farmer buys the product (ag-
rochemicals) and takes it to the farm on which he will perform the application on the cropland. Af-
ter using the product, empty packages are sent to an official disposal center. The disposal center re-
ceives empty packaging, temporarily stores it, and then forwards it to a factory for the correct dis-
posal. The transit of empty products and packaging between the actors of the chain is always done
with documents such as the electronic invoice; the exception is the act of purchase by the farmer
who adds an agronomic recipe. In this scenario, public agencies also participate in receiving product
transit data via electronic invoice. Each actor in this scenario is running a node of an blockchain and
has its own ERP (Enterprise Resource Planning).

An internal scenario of the use of agrochemicals, also represented in Figure 4 is the treatment of
products and packaging within the farm [22]. The products are received, labeled with RFID tags,
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and stored in a secure cabinet (closed); this secure cabinet and various points of manipulation of
agrochemicals must rely on sensors and microsensors to record the movement of these. Within the
farm, this proposal presents four layers for data processing: a) Tier 1: this is where the agrochemical
packages are with RFID tags, sensors, and microcontrollers that collect data and send it to the layer
are located; several sensors are used here: ultrasonic, vibration, weight, camera, luminosity, among
others; b) Tier 2: receives data and applies machine learning algorithms; the data received by the
sensors is sent to storage in a SQL bank that is in layer 3; layer 2 has only scripts to perform ma-
chine learning functions; c) Tier 3: it performs SQL data persistence and runs a blockchain node
persisting data also in this blockchain; d) Tier 4: this is where user applications are: for farm em-
ployees to perform data entry and for the farm to observe operations statistics.

3.2. Main classes

This proposed ontology is called ontology for pervasive traceability of agrochemicals (OntoP-
TA). The main classes that are presented in this ontology can be seen in Figure 5. The same hierar-
chical representation can be seen as a graph by using the plugin in OWLViz® in Figure 6. From the
Thing class we have: actors, path_direction, users, chemical product, regulation, technologies.

L Jowi:Thing

A4

@ chemical_product

v (" private_blockchain

' agrochemical_movement = @ @ multichain
" agrochemicals ¥« public_blockchain
" agronomic_recipe @ ethereum
‘:r { actors ) O wallets
i o agronomist @ communications
() disposal_center 0 4,59
&) distribution_center @ local_internet_provider
{ factory O lora
@ farm @ telco
' government_agencies O wifi
 store @ data_format
v ) path_direction O csy
@ linear_path @ innodb
E ) reverse_path © json
¥-- « @ regulations . O xmil
@ internacional_regulations ) id_traceability
¥« nacional_regulation : ' bar_code
e O laws O qr_code
@ technical_standards . 0 rid_tag
v @ tecnologies O ot

v @ machine_learning
v @ clustering

@ iot_colected_data
" iot_locations

) dbscan ) iot_microcontrolers
' kmeans @ iot_rfid_reader
¥« classification ) iot_sensor_categories
0 sve . ' iot_sensors
(" Knearest ) storage
() decisiontree O files
@ naivebayes v @ sql_database
¥« prediction 0 views
; @ arima " O tables
@ linearregression ® users
¥ @ blockchain @ administrator
-« blocks @ employe
) nodes
v« private_blockchain
: ) multichain

Figure 5 - OntoPTA classes and hierarchy

*https://protegewiki.stanford.edu/wiki/OWLViz
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3.3. Class visualization

The OWLViz library allows a presentation of a graph indicating classes, sub-classes, and their
relationships, showing a network of interconnections between the main elements of ontology, Fig-

ure 6.
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Figure 6 - View of some OntoPTA classes in the OWLViz view made with Protégé
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3.4. Main relationships

Relationships are called in Protégé as object property and are all the child of an object called
topObjectProperty. Relationships join classes such as ”administrator” and farm” forming “admin-
istrator manage farm” or “administrator owns wallet”. The relationships are presented in Figure 7.

L_lowl:topObjectProperty

- agrochemical_have_international_regulatior

- jot_microcontroller_receive_data

- agrochemicals_have_technical_standards

- M agrochemical_movement_transmited

-~ actors_gov_pub_use_bick_pub

- actors_have_nodes_blck

- actors_have_wallet

- actors_have_workers

- M actors_priv_use_blck_priv

- administrator_manage_farm

- administrator_owns_wallet

- agrochemical_have_gr_code

- M agrochemical_have_rfigtag

-~ agrochemical_movement_generate_data
- agrochemical_movement_in_blockchain
- agrochemicals_have_barcode

- agrochemicals_have_movement

- WM agrochemicals_have_regulations

- blockchain_has_wallets

- blockchain_uses_json

B data_collected_export_import

- data_collected_in_innodb

- database_store_agrochemical_moviment
- M employee_handles_agrochemicals

-~ employee_works_in_farm

- farm_has_telecom

- M farm_has_wifi

- M farm_uses_multichain

- farn_has_administrator

- M gov_agencies_use_pub_blockchain

B government_issues_regulations

-~ M jot_location_of_microntroller

- jot_locations_position_collected_data
WM jot_reader_read_tagrfid

- jot_rfidtags_collected_data

- M jot_sensor_categories

WM jot_sensors_has_data_collected

B movement_in_reverse_path

- private_blockchain_has_nodes
- ¥ pub_blockchain_has_nodes

Figure 7 - OntoPTA, list of relationships

3.5. Questions applied to the model

Queries were also performed via Protégé. In addition to classes, attributes and properties, some
data were inserted so that the model could be tested via SPARQL* queries. For example, to verify
who are the actors involved in the supply chain, the following query was executed and its respective

result in Figure 8 and Figure 9.

SELECT * WHERE {

{SELECT ?atores WHERE {?atoresrdf:typeex:loja}}

atores

UNION
{SELECT ?atores WHERE {?atoresrdf:typeex:cliente} }
UNION
{SELECT ?atores WHERE {?atoresrdf:typeex:fabrica}}
}

ClienteC1

ClienteC2

ClienteC3

FabricaAl

Lojali

LojalL2

Figure 8 - Query example 1, showing who the actors are.

“SPARQL Protocol and RDF Query Language
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SELECT * WHERE {
{
SELECT ?cliente ?cliente_produtoP1 ?cliente _produtoP2
WHERE ({ ?cliente ex:cliente_produtoP1 ?cliente_produtoP1 .
?cliente ex:cliente_produtoP2 ?cliente_produtoP2 .
FILTER (?cliente_produtoP1 > 0 || ?cliente _produtoP2 > 0)}
§
UNION
{SELECT ?loja ?loja_produtoP1 ?loja_produtoP2
WHERE { ?loja ex:loja_produtoP1 ?loja_produtoP1 .
?loja ex:loja_produtoP2 ?loja_produtoP2 .
FILTER (?loja_produtoP1 >0 || ?loja_produtoP2 > 0)}
i
UNION
{SELECT ?fabrica ?fabrica_produtoP1 ?fabrica_produtoP2
WHERE { ?fabrica ex:fabrica produtoP1 ?fabrica produtoP1 .
?fabrica ex:fabrica_produtoP2 ?fabrica produtoP2 .
FILTER (?fabrica produtoP1 > 0 || ?fabrica_produtoP2 > 0)}

§
}
atores produtoP1 produtoP2
ClienteC1 "30™ " =hitpihwww w3 orgl2001MLSch ™1™ =hitp:ifwww w3 org/2001XMLSche
ClienteC3 "Hri=hitpifwww w3 orgf2001XMLS che "60™“=hitpfwww. w3.orgi2001XMLSch
Fabricasl "B =hitpihwww w3 orgl2001MLSch 30" =htip:/www w3 org/i2001XMLSch
Lojal1 "0 =hitp:iwww. w3.orgf2001XMLSch "20" " <hitp:/fwww.w3.0rgi2001XMLSch

Figure 9 - Query example 2, showing which actors have products.

4 Results and discussion

The ontology concepts presented are in accordance with [23-25]. The notation used to represent
the business area that involves the reverse supply chain of agrochemicals was the OWL is used as a
language to descript ontologies. The work of representing knowledge, discovering new relation-
ships, testing data, visualizing data, and queries were carried out following the reasoners engines
Hermit (Figure 10) of the Protégé tool. The area of studies of the reverse chain of agrochemicals has
already been treated in the computational model previously published by [22] and now has com-
pleted documentation via ontology. The ontology modeling allowed the identification of business
classes and their documentation with descriptions that include attributes and relationships. Queries
via SPARQL queries allowed for evaluating relationships and obtaining data allowing the model to

be implemented in other platforms that use R T T

similar notation, such as the UML (Unlﬁed INFO 19:45:00 - class hierarchy
Modeling Language). Through queries and the = ¥9 19:45:00 = UIRRCE, SRCpREEY VERSIREY
. . INFO 19:45:00 - data property hierarchy
use of the reasoner, this model will be able to  1yro 15:45:00 il i et
provide new approaches in the study of reverse =~ mFo 1s:4s:00 - object property assertions
INFO 19:45:00 - same individuals

tracea‘blhty' ThlS OHtOlOgy ‘V‘GI'SIOI’I Of the agro- INFO 19:45:00 Ontologies processed in 40 ms by HermiT
chemicals reverse traceability model resulted  mro 1s:45:00

in a knowledge base to be explored and a Figure 10 - Running the reasoner

guide for new software applications in the re-

verse traceability of products with a high degree of danger and legal monitoring requirements.
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Conclusion

The reasoner Hermit processed in about 40 ms. The results were organized by computing infer-
ences for: class hierarchy, object property hierarchy, data property hierarchy, class assertions, object
property assertions and individuals. The numbers presented were: 304 axioms, 167 logical axiom
count, 116 declaration axioms count, 71 class count, 41 object property count, 65 sub class, 10 dis-
joint classes, 45 object property domain and 46 object property range.

We describe via ontology the knowledge within the scope of transit and monitoring of agro-
chemicals from the logistic chain to the internal use in a farm, allowing to present the concepts
graphically and via classes and their relationships. This ontology will be available for future access
for those who wish to expand to other dangerous products such as radioactive ones. This work al-
lows the understanding of the agrochemical movement cycle. Today the MRPA is already published
and is an alternative to the monitoring of agrochemicals and this ontology adds knowledge to the
business rules about the pervasiveness of the movement of this type of product.

As limitations, this work did not use a real connection to a database or import data from a table
in order to infer new relationships between the data collected by sensors. Recorded blockchain
movement data can only be analyzed if previously recorded in the bank and compared with those of
other logistic supply chains.

As future works, we perceive the need to integrate ontology concepts with software engineering
practices and their proper marriage to UML diagrams. The presentation of concepts via notation as
ontologies with classes and their relationships allows a greater understanding of the theme, their
operationalization and implementation by various sectors of the actors involved.
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OHTONOrna Bceo6bemMniowen NpocrieXxmBaeMocT arpoXumMmukKaToB

© 2023, Imuanano Coapec Moureiipo ' <, Poxpuro 1a Poca Puru %, Canapo Puro 2,
Xopxe Jlyuc Bukropust bap6o3a 2 Iupus Maprunc ga Cuisa 2 Amnjapeca Baprac
JlapenTuc

! Tocyoapemeennviii ynusepcumem Mamy-Ipocy (UNEMAT), Cunon, Bpasunus
? [poepamma npuknadnsix evruucienusi PPGCA (UNISINOS), Can-Jleononsoo, Bpasunus
? Hesasucumbiii uccnedosamens, Can-Jleononwoo, bpasunus

AHHOTaUuA

Poct MupoBOro HaceneHHs MPUBOJIUT K OoJiee KpyIHOMY U Ooiiee 3(h(HEeKTHBHOMY MTPOM3BOACTBY MPOJIYKTOB IMUTAHUS,
3aCTaBJIsisg arpoOU3HEC y4acTBOBATh B IOHKE 3a OOJIBIICH MPOU3BOJUTENILHOCTEIO. TakuM 00pa3oM, arpoXUMHUKAThI, KaK
WHCTPYMEHT YBEIIMUCHHMS U 3alIUTHl IPOU3BOJICTBA, CTAHOBSTCS BCE BayKHEE C KaXbIM ypoxkaeM. B pabore mpexacras-
JIeHa OHTOJIOTHS, OIMCHIBAIOLIAs 3HAHMSA, HEOOXOAUMBIE IS CO3JAHMS MOJEIH BCEOOBEMIIIONIEH MPOCIeKUBAEMOCTH
arpoXMMHUKATOB (OHTOJOTHS BCEOOBEMITIONIEH MPOCISKUBAEMOCTH arpoxXuMuKaros, OntoPTA). B cratbe mpeacrasie-
HBI KJIACCHI M UX OTHOIICHMS B HEPAPXUUECKOM TOPSIJIKE, a TAK)KE BU3YaJIM3alusl Ha si3bIke oHTONoruid OWL. Dta oHTO-
JIOTHS 3aIOJIHACT NMPoOeT B MOHNMMAaHUK M MOJICTUPOBAHUM TOTO THUIIA ITpolecca arpodousneca. [IpoBenénnoe Moenu-
pOBaHME MOMOTAeT aJMHUHHCTpaTopaM (epM M pa3zpaboTYMKaM IPOrPaMMHOTO OOECTICUEHMS JIydlle aHAJIM3HPOBaTh
pa3paboTKy, UCIIOIb30BaHNE U 00CTY)KHBAaHHUE CUCTEM B arpodnzHece.

KiroueBble cjioBa: onmonozus, azpoxumukamol, 6J10K4ellH, npociexcueaemocmys, OntoPTA.

Humuposanue: Moumeiipo 3.C., da Poca Pueu P., Puco C., bapbosa X.JI.B., oa Cunsa JI.M., Jlapenmuc A.B. OHTO-
JIOTHSI BCEOOBEMITIONIEH MPOCIEKUBAEMOCTH arpOXUMHUKATOB. Onmoaoeuss npoexmuposanus. 2023; 13(2): 217-231.
DOI: 10.18287/2223-9537-2023-13-2-217-231.

Kongpnukm unmepecog: aBTOpbI 3asBIAIOT 00 OTCYTCTBUHU KOH(IINKTA HHTEPECOB.

PucyHku

Pucynox 1 — YUaCTHUKH M IETIOYKH ITOCTaBOK arpOXMMHUKATOB

Pucynok 2 — OcHoBHbIe O10ku HTEpHETA Benei

Pucynok 3 — YopoméHHas cxema OyokueitHa

Pucynox 4 — O6paTHasi JOrUCTHYECKas! LETIOYKA ¥ YPOBHH BHYTPH (hepMBbI

Pucynok 5 — Knaccel u uepapxus OntoPTA

Pucynok 6 — IlpeacraBnenue HeKOTOpbIX ki1accoB OntoPTA B npencrasnenun OWLViz, CO31aHHOM C MOMOILBIO
Protegé

Pucynox 7 — OntoPTA, ciucox OTHOILIEHHUH

Pucynok 8 — Ipumep 3ampoca |, mOKa3bIBArOIIN, KTO SIBISETCS YIaCTHHKAMU

Pucynox 9 — Ipumep 3ampoca 2, TOKa3bIBAIOIINH, Y KAKUX YYACTHUKOB €CTh IMPOIYKTHI

Pucynok 10 — 3amyck MexaHU3Ma pacCyXACHUI

CBepeHunsa o6 aBTopax

Imunuano Coapec Monmeitpo. JIokTop HayK B TPUKJIATHBIX BBIUUCICHUSX, YHUBepcuteT Bane-ay-Puy-myc-Cunroc
(UNISINOS). Maructp xomnbioTepHbIX Hayk ®enepansaoro yausepcutera Canra-Karapunsr (UFSC), crieruanuct 1mo
anamm3y OusHec-cucteM (UNIC), texHomor mo o0paboTke maHHBIX ¢akynbreta uHpopMmatuku Kysosr (FIC).
Ipodeccop B T'ocymapctBenHom yrmBepcuteTe Mary-I'pocy (Unemat). Cdepsl HHTEpECOB: KOMIBIOTCPHBIC CETH,
MPOCKTHPOBAHUEC U VIIPABIICHUE IIPOCKTAMH, OJOKYCHH, JIOTHCTHUKA, BO300OHOBIISICMBIC WCTOYHHKH DJHCPTHUH U
paspabotka nporpammuoro obecneuenusi. ORCID: https://orcid.org/0000-0003-3476-3842. emiliano@unemat.br. D4

Juous Mapmunc oa Cunga. JIoKTOp HayK, OKOHUYHJIA (aKyJIbTET MPUKIAIHBIX BRIUUCICHUNH YHUBepcuTeTa Bane-may-
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Puy-nyc-Cunoc (UNISINOS), Can-Jleononbno, bpasmnms. Ilomydmna crerneHb mMaructpa KOMIBIOTEPHBIX HayK B
Meroaucrckom yHusepcutere Ilupacukadel (UNIMEP). B Hacrosiiee BpeMmsi oHa SIBJISICTCS KOOPJHMHATOPOM KYpCOB
muctaHmoHHoTro o0ydenus: Ilpoext ['ocynapcrBennoit aynutopekoit manatsl (TCE) n @enepansHoro yHHBEpCHTETa
Mary-I'pocy, a Taxke BBICTYIAeT B KadeCTBE KOOPAWHATOPA TEXHOJOTHUECKHX KYPCOB II0 aHAIN3Y U Pa3pabOTKe
CHCTEM, 110 TEXHOJIOTHH B KOMIIBIOTEPHBIX CETSIX M Kypcy KOMIIBIOTEPHBIX HAyK Ha (haKyJabTeTe HayKH M TEXHOJIOTHH
INVEST B Kys6e. ORCID: https://orcid.org/0000-0002-9480-8005. lidiamartins 1 0@gmail.com.

Anopeca Bapzac Jlapenmuc. Maructp HayK ¥ JOKTOpP HayK B 0OJIaCTH MPUKJIAJAHBIX BBIYMCICHUH YHHUBepcuTeTa Bae-
ny-Puy-nyc-Cunoc (UNISINOS), Can-JIcononbno, bpaswnus. Aunpeca 3aHuMacTcs pa3paboTKoil wurp st chepbl
3apaBooxpaHeHuss B YHuBepcutere Dupeiln. EE mcciemoBaTenbCKie MHTEpECHl BKIIOYAIOT: MAlNIMHHOE OOyYeHHE,
aHAIM3 JaHHBIX, pa3paboTKy HWrp, pa3pabOTKy NPOrpaMMHOTO OOECIICUCHHUs, INPHKIAJHbIC BBIYUCICHHS B
3[IPaBOOXpaHCHHUH, oOyuyeHNH W  TIPOMBIIIICHHOCTH. ORCID: https://orcid.org/0000-0003-4164-6687.
andresa.vargas@gmail.com.

Canopo Xoce Puzo. Tlpodeccop Yuusepcurera UNISINOS u HayuHbIl COTPYJHHUK HPOrpaMMBbI HOCIEIUIIIOMHOTO
obpazoBanuss B oOmactu mnpukinagHelx BerauciaeHud (UNISINOS/PPGCA), KOHCYTBTaHT 10 HMHHOBAaIUSAM U
nH()OPMAMOHHBIM TEXHOJIOTHSM, KOOPIMHATOP HCCIIEOBATEIbCKUX MPOEKTOB. B cdepy ero MHTEpecoB BXOIMT:
NCKYCCTBEHHBIH MHTEIJIEKT, MHTEIUIEKTYAJIbHBII aHann3 00pa3oBaTe/IbHbIX JaHHbBIX, CEMAaHTHUECKask CeTh U 00paboTKa
ecrectBeHHOrO s1361ka. ORCID: https://orcid.org/0000-0001-8140-5621. rigo@unisinos.br.

Xopxe JIyuc Buxmopusa bapooca. Maructp HayK U JTOKTOp HayK 1o nHpopMaTuke DenepanbHOro yHUBEpcUuTeTa Puy-
I'panmu-ny-Cyn, Ilopty-Anerpu, Bbpaswmus. On mpoBomun uccinenoBanus B YHuBepcutere Conrionrsan (SKKU,
Cyson, lOxnas Kopes) u Kamudopuuiickom ynusepcurere B Hpsune (UCI, Hpsun, CILIA). Xopxe sBisercs
npodeccopom  Ilporpammer  npuxnaanbsix — Beruucienuit  (PPGCA)  Vuusepcurera Bane-ny-Puy-nyc-Cunoc
(UNISINOS), pyxoBoautenem Jaboparopun MoOMIbHBIX BbluucieHnidi (MOBILAB) u HaydHBIM COTPYAHHKOM
Bpa3suibckoro coBera 1o HaydHo-TexHHueckomy pasButuio (CNPq). Ero muTepecw:: OGonblume nanuele, MHTepHeT
Beueit (IoT), mammHHOE 00yueHHe, aHaNN3 JITaHHBIX, pa3paboTKa Urp, NPUKIAJAHbIC BEIYUCICHUS B 3]IpaBOOXPAHEHUH,
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Berunciennii (PPGCA) B VYuuBepcutere Bane-ny-Puo-nyc-Cunoc (UNISINOS), rne o paboTaeT HaydHBIM
corpyaHukoM. CTerneHb MarucTpa M JOKTOpa KOMIBIOTEPHBIX HayKk nonydws B DenepanbHOM yHHBepcuTeTe Pry-
I'pannu-ny-Cyn (B 2005 u 2009 romax cooTBeTcTBeHHO). JlokTopckyio ctemneHs momyunmn B KAIST (Kopeiickuit
MepeIoBOM MHCTUTYT HayKu U TexHoJoruit) B FOxHoit Kopee B o6nactu MHTepHeTa Belieil U 00JIaYHBIX BBIYUCIICHUI;
B bepmurckom texmmdeckom yHuBepcurere (Tecnische Universitaet Berlin), ['epmanns. OH paboTtaer Hax TeMaMu:
OILIEHKA TPOW3BOJUTEIILHOCTH, IUIAHMPOBAaHWE OHM3HEC IPOIECCOB, BCTPOCHHBbIC BBIYHMCIECHHs W HTepHeT Beriei
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