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ABSTRACT

Theuse ofeXtensible Business Reporting Language (XBRL)technology in the context of financial
reporting on the internet is evident, whether due to its advantages and benefits or governmental
impositions. However, the data to be transported by this language is mostly stored in defined
structures such as relational databases, JSON files or CSV files. It is therefore essential for
organizations to integrate XBRL technology with other data storage technologies. This article
presents an Extract, Transform and Load (ETL) solution for extracting data from different
storage formats and generating XBRL instances, called XBRL Processor. This tool includes
different types of data source and generates the XBRL instance. In addition, parameterizations
were implemented to meet the delivery of the Accounting Balances Matrix to the Accounting
and Financial Information System of Brazil's National Treasury Secretariat (SICONFI) and a
case study was carried out in order to validate the XBRL Processor tool.
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1. INTRODUCTION

Transporting financial and accounting data over the internet while maintaining its struc-
tural and semantic integrity has been achieved using eXtensible Business Reporting Language
(XBRL'") technology. XBRL is a technology derived from the eXtensible Markup Language
(XML), which is considered by the World Wide Web Consortium (W3C?) to be an important
means of exchanging data on the Internet, since it enables platform-independent data exchange
(JAYASHREE; PRIYA, 2020). The design of XML technology favors simplicity, generality and
usability (ZHU et al., 2017), these attributes favor the use of XML technology on the internet
and as a means of data integration and exchange. Several alternatives are proposed in the litera-
ture for integrating and mapping data between XML documents, which are used as a means of
transporting data on the internet, and different databases (SONG; HAW; CHUA, 2019).

There are some solutions for mapping XBRL data, but they add computational costs, e.g.
proposals from Fujitsu® and Oracle* , because it is necessary to create parallel databases with
the data from the XML documents, as well as having to store the XML document to safeguard
the integrity of the information. Furthermore, these solutions are proprietary and very expensi-
ve. In other cases, specific applications have to be developed to mediate data exchange between
different environments, i.e. XML, relational databases, CSV®, NoSQL® and JSON” .

XBRL technology was developed for the exchange of financial information on the inter-
net, and has been consolidated as the standard to be used by government bodies in various cou-
ntries (DUNCE; SILVA; VIANA, 2013). This technology has the capacity to transport financial
data along with its semantics, which is essential for a correct analysis of the information. By
transporting the data along with its semantics, there is no need to find out what it is. Meaning
of the information provided, when it is not accompanied by its context, i.e. without semantics
(BRAGANCA et al., 2019).

XBRL is a technology that has become an international standard for the exchange of

financial data, e.g. US-SEC® , European Committee of Banking Supervisors (CEBS)’ , Bank

1 https://www.xbrl.org/

2 https://www.w3.org/

3 https://www.fujitsu.com/global/products/software/middleware/application-infrastructure/interstage/solu-
tions/xbrl/

4 https://www.oracle.com/performance-management/#rc30p7

5 Comma Separated Values

6 Not Only SQL

7 JSON stands for Java Script Object Notation and is a standard for exchanging data between systems.

8 https://www.sec.gov/

9 https://www.europeansources.info/record/committee-of-european-banking-supervisors-cebs/ 4



P (\
TeESOURONACIONAL

of Spain'® , Bank of Japan'', are just a few examples of government bodies that have adopted
XBRL for the exchange of data with their supervised organizations'. In Brazil, in the face of
regulatory impositions, such as Law 12.527/11, which provides for access to information from
States, Municipalities and the Federal District, popularly known as the Transparency Law, in
conjunction with Standard 896/17 of the National Treasury Secretariat'’, government bodies are
being directed to use XBRL in their publications related to accounting statements for control
bodies.

Both governments at their different levels (federal, state and municipal) and private or-
ganizations do not have free and open source tools that make it possible to export financial and
accounting information into XBRL format, especially when extracted directly from relational
or NoSQL databases, creating a difficulty for private organizations and governments to repre-
sent their financial and fiscal data in XBRL.

There are different technologies for storing data, based on different models, the most
common being relational and, more recently, NoSQL, which is commonly used on the internet.
The relational data model represents the database as a collection of relationships (NAVATHE,
2013), which after its conception in the 1960s, came to be used by most software applications,
and is a model that should continue to be used for many years due to its robustness (NAVATHE,
2013). Due to its importance and widespread use in private and government applications, it is
essential to consider this model as a data source. Also the approach related to CSV files as a
source data is pertinent, since there are scenarios' in which data is only exported in CSV files
(BRAGANCA et al., 2019).

NoSQL databases work with denormalized data (SOARES; BOSCARIOLI, 2013). NoS-
QL databases are being adopted by large companies, e.g. Google, Facebook and Twitter (SOA-
RES; BOSCARIOLLI, 2013), since this model has an architecture that makes it easier to handle
the significant demand for queries, linked to the large amount of information, with high data
scalability (SOARES; BOSCARIOLI, 2013). Consequently, NoSQL databases are also consi-
dered as an alternative data source in the solution proposed in this work.

The National Treasury Secretariat (STN), through the Brazilian Public Sector Accounting

10 https://www.bde.es/f/webbde/INF/Menu Vertical/Supervision/Normativa y_criterios/informacion/fiche-
ros/IE 2008 02.pdf

11 https://www?2.boj.or.jp/archive/en/announcements/release2006/fsk0602a.htm

12 https://www.xbrl.org/the-standard/why/ten-countries-with-open-data/

13 https://www.gov.br/tesouronacional/pt-br

14 Most of the states' Financial Administration Integration Systems (SIAF) are unable to generate the XBRL

instance because they use the Adabas/SoftwareAG DBMS, but they do have the capacity to generate CSV files.
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and Fiscal Information System (Siconfi)'”, has defined XBRL technology as the main data for-
mat for the Accounting Balance Matrix, in order to improve the quality of information in the
Brazilian Public Sector (STN, 2017). The Matrix of Accounting Balances (MSC) is a structure
designed to contain the details of the federative entity's accounting information'® . The STN re-
commends direct extraction from the data source to minimize errors in filling out spreadsheets
or forms (STN, 2017).

The purpose of this work, therefore, is to develop an open source solution that meets the
most diverse data source scenarios, exporting the information relating to the MSC to XBRL
instances, meeting the STN's requirement through Siconfi. Following on from this introduc-
tion, Section 2 discusses related work. Section 3 motivates the proposed solution. Section 4
describes the conceptual approach and the development of the data extraction, transformation
and loading (ETL) tool for XBRL technology, called XBRL Processor. Section 6 sets out the

conclusions of this work, its contributions, limitations and proposals for future work.
2. RELATED WORK

It is worth noting that the proposals found in the literature focus on solving specific pro-
blems, such as complying with legislation or identifying semantic similarity in XBRL instan-
ces. That said, it can be seen that the studies are limited to dealing with the issue of reading and
displaying data from XBRL instances. Due to the scarcity of papers dealing with the generation
of XBRL instances and the fact that the consortium responsible for XBRL accepts XML, JSON
and CSV files as technologies for transporting data, we decided to investigate mappings rela-
ted to XML, JSON and CSV in the search for papers that would satisfy the investigation into
solutions for integrating or mapping data to XBRL and vice versa. From this perspective, we
identified the works (JAYASHREE; PRIYA, 2020), (ZHU et al., 2017), (SONG; HAW; CHUA,
2019), (NASSIRI; MACHKOUR; HACHIMI, 2018), (CHEN, 2018), (SALEM et al., 2017),
(LYAMIN; CHEREPOVSKAYA, 2018), (ALAMI; BAHAIJ, 2017), (SONG; HAW, 2020),
(QTAISH; AHMAD, 2016), (NASSIRI; MACHKOUR; HACHIMI, 2017), (LIU; ETUDO;
YOON, 2020), (BIKAKIS et al., 2015), (NIEWERTH; SCHWENTICK, 2018), (MAATUK;
ALI; ALJAWARNEH, 2015), (ASIMADI et al., 2017), (BAl e al., 2015), (PETKOVIC, 2017a,

15 https://Siconf.tesouro.gov.br/Siconf/index.jsf

16 A federative entity can also be understood as a state, being an autonomous unit (self-government, self-
-legislation and self-taxation) endowed with its own government, constitution and which, with other states, forms
a federation. 6
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2017b), (YAGHMAZADEH; WANG; DILLIG, 2018) and (DOI; TOYAMA, 2019) which deal
with the mapping data from XML or JSON instances and CSV files to relational databases.
Only one proposal presented a solution to generate XBRL instances, specifically to meet
a legal requirement (BRAGANCA et al., 2019), this work uses only CSV files as a data source
and the Hitachi Pentaho proprietary ETL system'’. When it comes to the JSON language, along
with CSV files, no solutions were found that aimed to instantiate the data along the lines de-
fined by the XBRL-JSON" or XBRL-CSV" specifications of the XBRL consortium. As such,
the proposal for a tool capable of connecting the most diverse data sources, linking the data to

the chosen taxonomy and generating the XBRL instance, guided the development of this work.
3. MOTIVATION

For information to be contextualized in a given domain, it must be interconnected with
other information, whether contextual, past information, experiences or future information
(CERQUEIRA; SILVA, 2021) and (BEELITZ, 2017). In the financial and accounting domain,
the technology that meets these requirements is XBRL.

In 2008 Silva stated that XBRL technology was becoming a technological standard for
the exchange, storage and disclosure of financial information on the Internet (SILVA et al.,
2008). In fact, this prediction has been confirmed, and the adoption of the technology by rele-
vant institutions has boosted the use of XBRL, as is the case with the US-SEC?°, which pointed
to XBRL technology as the key to its modernization (GRAY; MILLER, 2009).

Because XBRL technology is robust and fully represents the financial and accounting
domain, it brings with it the complexity inherent in solutions aimed at complex problems, such
as the transportation of financial and accounting information with all its contextual framework.

Generating XBRL instances using financial and accounting data repositories as a source
is not trivial (ASIMADI et al., 2017), only proprietary tools (e.g. Amelkis, aSISt, Vizor)?! avai-
lable on the market are capable of automatically extracting data stored in different repositories
using various storage technologies (e.g. relational, NoSQL, CSV). Even so, these tools usually
handle data from a specific model, i.e. they don't have enough generality to handle different

types of data formats and XBRL. In addition, the lack of open source tools may hinder the mass

17 https://www.hitachivantara.com/en-us/products/pentaho-platform/data-integration-analytics.html
18 https://www.xbrl.org/guidance/xbrl-json-tutorial/

19 https://www.xbrl.org/guidance/xbrl-csv-tutorial/

20 https://www.sec.gov/

21 https://www.xbrl.org/the-standard/how/tools-and-services/
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adoption of this technology, especially in Brazil, where the only project in operation is that of
the National Treasury Secretariat (STN), called Siconfi. Siconfi requires federated entities to
submit accounting and financial information based on XBRL technology. As there are no free
open source solutions, the alternative for Brazilian federation entities is to use proprietary sys-
tems. Meeting the STN's requirements with regard to delivery of the MSC in XBRL instance
allows the entity to comply with the Fiscal Responsibility Law to which the entire Brazilian
public sector is subject.

In order to comply with the legislation, federal units have to enter accounting and finan-
cial data into proprietary systems, often manually, in order to generate the XBRL document,
since the connection to the data source, e.g. relational databases, is not simple. This generates
human and computer resource costs due to the low interoperability between XBRL environ-
ments and data sources, which implies additional financial costs. It is possible to send the MSC
data in CSV format to Siconfi, but even the CSV format adds additional human and computer
resource costs. The CSV format continues to be accepted by Siconfi because there are Brazilian
federated entities that do not have tools that make it possible to deliver MSC data in the XBRL
language.

Braganga's work (BRAGANCA et al., 2019) shows that Brazil's executive powers, whe-
ther at the federal, state or municipal level, lack solutions that meet the demand for generating
XBRL instances to be delivered to Siconfi. In order to meet this demand, the aim of this work
is to develop an open source ETL solution divided into two execution stages to facilitate the
development of new functionalities. The first stage is designed to connect to the data source and
the second to link the data to Siconfi's** taxonomy, making it possible to generate the XBRL
instance. This article presents a tool that seeks to meet the most diverse financial data exchange
scenarios, with reusable configurations and a reduction in the complexity of the environment.
The solution was designed to facilitate maintenance, extension and integration with existing
accounting and financial software, to generate instances of the most varied taxonomies.

Thus, the central research problem guiding the development of this work is:

* Question 1: Are there solutions that allow data from different formats to be mapped to
XBRL?

From this main research question (Question 1), other research questions could be inferred:

* Question 2: Are the existing solutions open source, i.e. free and open source?

22 The XBRL taxonomy is a set of documents based on XML Schema and Xlink technologies that allows
the definition of financial and accounting concepts and their relationships.
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* Question 3: Do the proposed solutions have sufficient generalization to allow the ma-
pping of different data models (e.g. relational, NoSQL, CSV, JSON) to XBRL?

* Question 4: Do the proposed solutions meet the requirements of Siconfi and the STN's
Matrix of Accounting Balances (MSC)?

* Question 5: Is it possible to build a tool with which any taxonomy can be used to gene-
rate XBRL instances from any data source?

For the research problem investigated, the following hypothesis was formulated:

* Hypothesis 1: It is possible to build a tool for extracting, transforming and loading data
from any data model, whether relational DBMS, NoSQL or CSV files, and export them as
XBRL instances, capable of adapting to the needs related to the data source and user taxono-

mies.
4. XBRL PROCESSOR TOOL

Open source and free initiatives to make up for the lack of solutions capable of generating
XBRL instances can be seen in Braganga's work (BRAGANCA et al., 2019), proposing an ETL
tool, however, the proposed solution only collects data from CSV files, restricting the solu-
tion's adoption capacity. It can also be seen that there is a lack of solutions in Brazil's executive
powers, whether at federal, state or municipal level, that meet the demand for generating XBRL
instances to be delivered to Siconfi (BRAGANCA et al., 2019).

The systematic review of the literature presented in Braganca (BRAGANCA; CAETA-
NO; BERNADINO, 2022) identified that there is a primary concern with developing software
that is capable of reading and displaying the reports contained in XBRL instances, however,
there is not the same concern in generating XBRL instances (BRAGANCA; CAETANO; BER-
NADINO, 2022). With this in mind, this paper developed a tool to generate XBRL instances in
order to fill this gap.

This section describes the development of the tool for reading, transforming and loading
data (ETL) for XBRL technology, called XBRL Processor. The main objective of developing
this solution is to enable data to be extracted from different storage systems (relational DBMS,
NoSQL, CSV) and loaded into XBRL instances, defined by a taxonomy. A number of criteria
were used to develop the tool:

* The use of the MSC (Matrix of Accounting Balances) in the XBRL format and taxo-

nomy defined by Siconfi (Brazilian Public Sector Accounting and Tax Information System) so9
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that the application can be validated and ready to solve the problem of delivering the MSC in
XBRL format to Siconfi/STN, a requirement made of Brazil's federated entities;

* The development of the proposed tool was based on the TypeScript language (BOG-
NER; MERKEL, 2022) due to the ease of understanding the code, its execution performance,
the availability of a free and editable library for reading and generating XML instances;

* Finally, the MySQL DBMS was used as a data source (CHRISTUDAS, 2019), Sqlite3
(BIN et al., 2022) and MongoDB (GYORODI et al., 2022), with which it was possible to check
the tool's connection to relational and NoSQL DBMSs, following the principle of using data
sources in different formats.

The development of the XBRL Processor tool consisted of three stages:

* In the first stage, the ETL tool for XBRL was built based on the XBRL taxonomy, ver-
sion 2022, defined for the Siconfi Accounting Balance Matrix. The data source used was the
Sqlite3 DBMS with fictitious and anonymized, yet coherent, data provided by the Rondonia
State Finance Department (SEFIN - RO);

* In the second stage, other DBMSs were incorporated into the tool's code design. In this
way, it was possible to check the adaptability of the code to different formats and data sources.
Connectors were added for MySQL and MongoDB DBMSs;

* In the third stage, the XBRL instance generated by the XBRL Processor was compared
with the one provided by the Rondodnia State Finance Department. Finally, the XBRL instance
generated with the fictitious data was validated by the STN in Siconfi and by the Rondonia State
Finance Department in the test and production environments respectively.

Section 4.1 then presents the architecture designed for the proposed tool so that it can be
adapted to include new databases and data formats. Section 4.2 shows the development of the
data extraction, transformation and loading (ETL) tool for XBRL technology, called XBRL

Processor.
4.1 XBRL PROCESSOR ARCHITECTURE

The proposed architecture, shown in Figure 1, aims to connect different databases, e.g.
relational, NoSQL, and make it possible to join the data extracted from these databases with the
taxonomy to be used, generating the XBRL instance.

The proposed process for generating XBRL instances was divided into two stages: (A)

connecting to the database and (B) generating the XBRL instance from the taxonomy provided.10
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Dividing the solution into two stages will allow for better maintenance of the code and
the development of possible improvements and new functionalities, so that each stage has its
own functional context, increasing cohesion and reducing coupling. In software, modulariza-
tion allows a change in one component to have minimal impact on others (LAZZARI; FARIAS,
2022).

The process of connecting to the database starts with choosing the DBMS, as we can see
in Figure 1(A-3), the list of supported DBMSs will be limited only by the available drivers,
however, any driver can be added, e.g. driver for PostgreSQL, Oracle, MySQL, SQL Server,
MongoDB, or any other driver required for extracting data to generate the XBRL instance.

Following Figure 1(A-4), the connection data is requested in order to allow connection
to the DBMS. Data such as TCP port, login and password are essential information for the con-

nection. When the connection data is entered, a connection test is run.

Figure 1 - Architecture for generating XBRL instances
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Once the connection process is complete, insertion of the query code Figure 1(A-5) be-
gins, e.g. SQL or the code pertinent to the DBMS selected in the previous activities. The possi-
bility of inserting the code directly into the application allows for flexibility in querying the data
in order to facilitate adjustments and the addition of columns with static data, e.g. the informa-
tion related to financial values being in Brazilian currency (BRL). After executing the code, you
can see in Figure 1(A-6) that the next activity is to display the result of the query for checking.

The connection to the database was planned so that all the data and parameterizations can
be reused in a subsequent run, so the file with the configurations is reused in subsequent runs
Figure 1(A-2).

The process of linking the taxonomy to the data is not an ordinary process, (ASIMADI
et al., 2017) pointed out in his work that the XBRL integration process remains complex, so
the start of XBRL instance processing, Figure 1(B-7), brings the possibility of using a template
XBRL instance to retrieve as many links as possible between the taxonomy and the data. The
template instance can be provided by the creator of the taxonomy to which the data will be sent.

In the next step, complementary data can be added Figure 1(B-8), complementary infor-
mation is understood to be information that is exclusive to the organization that is generating
the XBRL instance, e.g. the organization's registration code with the body that will receive the
data.

After inserting the model taxonomy and complementary information, the data received
from the database is linked to the taxonomy, Figure 1(B-9), information that is used repeatedly
can be preserved, if necessary for later retrieval, in the relevant configuration file, Figure 1(B-
12) (DIMOU et al., 2014).

In 2021, the XBRL consortium defined new ways of using the technology, defining as a
recommendation, in addition to XBRL extended from XML, XBRL extended from JSON and
CSV files (CERQUEIRA; SILVA, 2016). XBRL in JSON and CSV are limited to the instan-
ce and the file containing the taxonomy is not allowed in these formats. Also, the consortium
responsible for XBRL has not clarified what the XBRL-JSON and XBRL-CSV instances will
look like when generated from the GL taxonomy?. However, in order to be in line with the re-
commendations of the XBRL consortium, it is necessary to allow the possibility of generating
the instance in the three formats accepted by the XBRL consortium. This provision exists at this
stage of the process, as can be seen in Figure 1(B-10).

Finally, the data is processed to generate the XBRL instance, Figure 1(B-11), with the

23 http://www.xbrl.org/int/gl/2016-12-01/gl-framework-2017-PWD-2016-12-01.html
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product being the instance with all the data and its links to the taxonomy, as well as the comple-

mentary unit data and references via the links, Figure 1(B-13).
4.2. IMPLEMENTATION

The XBRL Processor tool was developed using the architecture proposed in Section 4.1,
which proposes a solution to the latent problem of generating XBRL instances from different
DBMSs. In this way, coding was carried out to allow external validation of the instances gene-

rated by the application.
4.2.1. IMPLEMENTATION ASPECTS

The source code was organized with a focus on clean architecture, in order to facilitate
understanding of the code, resources and functions (SOMMERVILLE, 2011). Clean architec-
ture allows the application to evolve without consuming excessive human resources or time.
The fact that the project is separated into independent layers means that changes to one layer
do not interfere with the others (SOMMERVILLE, 2011). In this way, it is hoped that the code
can be extended or incorporated into financial and accounting applications. The source code for
this work can be accessed on the github repository**. Following the concept defined in Section
4.1, the code is divided into two components, in which the first component defined in Figure
1(A), which deals with the connection to the data source, can be related to the src/datasource
folder of the code, being subdivided into src/datasource/config and src/datasource/connectors.
The second component shown in Figure 1(B), which deals with generating the XBRL instance,
has been integrated into the src/main.ts file. The organization of the code can be seen in Figure
2, which shows the folder structure used to organize the code.

The data source was separated into: the code related to the connection to the DBMS, the
data source (DBMS) settings and the MSC structure expected in the query. The files containing
the connection-related code, such as TCP ports, login, can be accessed in the src/datasource/
config/datasource.ts file. This file is represented conceptually in Figure 1(A-4) and its code wa-

sadapted for the MySQL DBMS, as can be seen in Figure 3.

24 Address hidden due to the determination of STN Notice No. 10 of May 29, 2023, 28th NATIONAL
TREASURY AWARD 2023, not identifying the author(s) in any way, including in the file properties.
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Figure 2 - Folder structure of the code
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The file defined in Figure 1 (A-2), referring to the connection data with the database, was
not generated separately from the code files, but was kept in the src/datasource/config/datasour-
ce.ts file, in order to meet the restriction of reusing the parameterizations by the tool; Figure 3

illustrates this relationship between the code and the architecture.

Figure 3 - MySQL DBMS connection data
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Each data source has a code for reading the data stored in its structure. To accommodate
this code, the src/datasources/connectors/ folder was created, where each data source has its
own code. The configurations for the SQLite3 (sqlite3datasource.ts), MySQL (mysqldatasour-
ce.ts) and MongoDB (mongodbdatasource.ts) data sources are available for use; for other data
sources, e.g. PostgreSQL DBMS, new files with the configuration codes will be required. The

codes for the available DBMSs can be seen in Figures 4, 5 and 6.

Figure 4 - MongoDB DBMS implementation

vat

15
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The structure proposed by Siconfi for the MSC was maintained, in which the fields follow
the definitions of the template®® defined in the Siconfi manual. The MSC layout was designed to
represent the information based on the XBRL standard (STN, 2017). Although the tool does not
validate the data against the taxonomy, the query must return the data from the data repository,
following the structure determined by Siconfi. You can see the coding of the structure defined

by Siconfi in lines 1 to 18 of Figure 7.

Figure 7 - Structure of the MSC defined by Siconfi described in the XBRL Processor
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The diversity of DBMSs used in the application will make it easier to adapt to any en-
vironment. Figure 8 shows the sequence diagram describing the connection to the DBMS in
the first module of the XBRL Processor tool. It is hoped that, when applied in a production
environment, the DBMS used by the organization will be parameterized in XBRL Processor,
eliminating the need to modify the code.

The second module, as described in Figure 1(B), loads the data, loads the instance templa-
te, the taxonomy and proceeds to generate the XBRL instance. The instance template contained
in the src/template folder contains the header, the unit code provided by Siconfi, the reference
to the currency and the periods to which the instance to be generated refers, e.g. in this case to

MSC 2023- 01-31.

25 https://Siconf.tesouro.gov.br/Siconf/pages/public/conteudo/conteudo.jsf?id=12503
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Figure 8 - Sequence diagram for loading data
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When necessary, these data must be updated in the template file. The other data (e.g.
context, G/L account, etc.) contained in the template instance is replaced by the data retrieved
from the data repository. In Figure 9 you can check the data loaded by the application from the
template file.

The application's second module is concentrated in the src/main.ts file. We can see the
dependencies of the components and their references to the code in Figure 10.

The tool uses the fast-xml-parser library? to read and write XML documents. Due to the
restrictions of the fast-xml-parser library, part of the taxonomy was added to the code to make
it possible to link the data to the taxonomy. The fast-xml-parser library is open and allows the
code to evolve, however, editing the library to read the taxonomy without the fact that the ele-
ments of the taxonomy are present in the code has not been included in this version of the tool,
so the file defined in Figure 1(B-12) will be generated in future work. A fragment of the code
in which the taxonomy is handled using the fast-xml-parser library present in the code can be

seen in Figure 11.

26 https://github.com/Naturallntelligence/fast-xml-parser
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The last lines of the main file contain the code that generates the MSC XBRL instance
with the data from the chosen data source. The instance is generated and loaded into the src/
instances folder with the name instance.xml.

To help with the configuration and use of the application, a README file was added to
the tool's files summarizing the activities to be followed and the settings required for the XBRL

Processor to work.

Figure 9 - MSC model XBRL instance
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Figure 10 - XBRL Processor tool component diagram.
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Figure 11 - Code excerpt from the main file containing the MSC taxonomy

5. CASE STUDY FOR GENERATING THE XBRL INSTANCE AND VALIDA-
TING ITS STRUCTURE

The development of this work and the XBRL Processor tool were planned so that it would
be possible to check the result of the data processing and solve the problem of converting the
data format to XBRL. Validation of the result of generating the instance produced by the tool
was carried out by a federation entity and by the Siconfi validation tool (STN), organizations
external to this work.

Therefore, developing the XBRL Processor tool parameterized for the MSC taxonomy
and data standard for Siconfi, as seen in Figures 7 and 11, had some benefits: (i) solving the
XBRL instance generation problem; (ii) solve the problem of handing over the MSC from the
states and municipalities to the STN; (iii) have the structure of the MSC instance verified by the
Brazilian regulatory body.

In order to understand the validations presented in this section, it is important to know
that the instance was submitted to Siconfi in two different ways, the first using Siconfi's test

environment, through the call center, and the second submitting the XBRL instance to Siconﬁ's19
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production environment through the Ronddnia State Finance Department, following the stan-

dard delivery of the MSC's XBRL instance of the States, as illustrated in Figure 12.

Figure 12 - Sequence for submitting the XBRL instance for validation
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5.1 RESULTS

Initially, for comparison purposes, the Rondonia State Finance Department provided data
from previous months, already validated in Siconfi, to facilitate comparison of the XBRL ins-
tance generated by XBRL Processor and the instance delivered to Siconfi by the Ronddnia State
Finance Department, and validated without errors or inconsistencies.

It was planned that the structure of the XBRL instance would be validated by Siconfi,
since the comparison of the instance generated by the XBRL Processor tool with the instances
provided by the Ronddnia State Finance Department proved to be identical. Therefore, the Ron-
donia State Finance Department provided fictitious and anonymous data, i.e. data used in the
development database, which was loaded into the SQLite3, MySQL and MongoDB DBMSs, so
that the instance could be generated and delivered to Siconfi for validation. After contacting the
Siconfi support team, they were instructed to request validation of the instance via the Siconfi
system?’ using the "MSC - Validations and errors" option. Figure 13?® shows the response to the
request for access to the Siconfi test environment. As instructed by the Siconfi support team,
the "MSC - Validations and errors" option was requested through the ticketing system and the

XBRL instance was provided.

27 https://e-servicos.tesouro.gov.br/#/
28 The header of the e-mail has been hidden due to the determination of STN Notice No. 10 of May 29,
2023, 28th NATIONAL TREASURY AWARD 2023, not identifying the author(s) in any part, including in the

roperties of the file.
prop 20
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Figure 13 - Response from the Siconfi service team

Solucéo

Sr

Infelizmente ndo podemos habilita-lo para utilizacio de nosso ambiente de
testes, visto que este é restrito a area de desenvolvimento do Siconfi

Mas. no caso de uma ou outra instancia, podemos testa-la para vocé,
retornando os resultados do sistema

Para tanto, utihze o servico "MSC - Validacoes e ermos’, anexandc a nstancia
a0 chamado e solicitando o teste

Atenciosamente,
Equipe Siconfl

The instance generated by the XBRL Processor with fictitious data provided by the Finan-

ce Department of the State of Rondonia is illustrated in Figure 14.

Figure 14 - Excerpt from the XBRL Instance generated by the XBRL Processor tool

The response provided validated the structure of the XBRL instance generated by XBRL
Processor, i.e. the structure of the instance complies with the MSC XBRL instance required by
Siconfi. Figure 15 shows Siconfi's official response to the instance provided.

Siconfi requests that the date of the fiscal year, which appears in the document, be disre-

garded, as it is the environment where the 2023 taxonomy is installed in Siconfi. The response

21
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provided by Siconfi's validation indicated two errors, in lines 571093 and 702450. However,

these errors refer to the data and not the structure of the instance, as can be seen from the e-mail

sent by the Siconfi team and shown in Figure 16%, since the test data is fictitious, errors like this

were expected. Following the planned strategy, the same instance that was delivered to Siconfi

The XBRL instance generated was also delivered to the Rondonia State Finance Department

so that it could be submitted to Siconfi following the routine MSC delivery procedures. In this

way, it was possible to submit the instance generated by the XBRL Processor tool to the produc-

tion environment, i.e. the real validation environment. As the data was fictitious, the Rondonia

State Finance Department did not finish sending the instance to Siconfi, but only submitted it to

the production environment until it had been validated.

Figure 15 - Validation of the XBRL instance by the Siconfi system

Secretana do Tesouro Nacional - STH

siconfiz=i

Ministéno da_Fazenda - MF
T boe bt ek |- e e

Gmegarneni&n_ da MSC
Parametros da Solicitagdo
Emte: Ronddnia Tipo de Declaragio: MSC Agregada
Poder: Executive Periodicidade: Mensal
Exercicio: 2017 Periodo: Janeiro

Instituigdo: Governo do Estado de Rondénia
Instancia:  XBRL_Instance_Generation MSC. zip

Erros encontradas durante a validagdo da instancia MSC submetida:

Lipha 571093 Elements ‘gloorsccountMainlD’ O valor © com tamanhe = 0 ndo tem um aspecto valido ém relacho ao
minkength ) tipo ‘nonEmpiyString’
Linha 702450 Elemento ‘gl-cor accountMainill O valer * com tamanho = 0 ndo fem um aspactn valido em relagio ao

minLangth '1" dotipo ‘nenEmplyString’

29 The header of the e-mail has been hidden due to the determination of STN Notice No. 10 of May 29,
2023, 28th NATIONAL TREASURY AWARD 2023, not identifying the author(s) in any part, including in the

properties of the file
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Figure 16 - Request for disregard for the 2017 financial year

Prezado,
O seguinte comentario fol feito por E-Servigos do Tesouro Nacional para o
chamado CH2023

Sr.
Anexamos o resultado da tentativa de carregamento de sua instéancia MSC

N&ao estranhe o exercicio de 2017 no arquivo, pois & onde esta instalada a
taxonomia 2023 em nosso ambiente de teste.

Atenciosamente,
Equipe Siconfi
After submitting the instance to Siconfi via the Rondonia State Finance Department, the
response obtained was exactly the same as that received from Siconfi via its customer service

system. Figure 17 shows the validation of the instance by the Siconfi production environment.

Figure 17 - Validation of the XBRL instance in a production environment

B e srssmmes | sres AaiEl PELEAR PR CIEie e CEGSE SEEIEG -

Note that the errors in lines 571093 and 702450 are the same as those in the validation of
the Siconfi test environment. Therefore, the XBRL Processor tool generated the XBRL instance
of the State of Ronddnia's Matrix of Accounting Balances for the Brazilian Public Sector Ac-
counting and Fiscal Information System of the National Treasury Secretariat with its structure
without errors or inconsistencies.

Therefore, the application is up and running to connect to relational or NoSQL data sour—23
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ces and generate the XBRL instance of the Accounting Balance Matrix according to the taxo-

nomy defined by Siconfi or be incorporated into existing financial and accounting applications.
6. CONCLUSION

According to what has been presented, generating XBRL instances is not a simple pro-
cess, and the lack of open source tools that deal with the problem may be a contributing factor
to the failure of various regulatory bodies and private institutions, especially organizations in
Brazil, to adopt XBRL technology in a significant way. This scenario is aggravated by the
scarcity of XBRL tools that use relational or NoSQL DBMSs as their data source. manually
entering data into the tools, such as the Fujitsu tool*” and Amelkis?'.

As explained in this paper, there is a lack of solutions for generating XBRL instances
with data from relational or NoSQL databases, even with the growing need to generate XBRL
instances of data in the formats evaluated, due to the evolution and expansion of the internet
and legal requirements.

Based on the results presented in this article, it was possible to answer the initial research
questions:

* Question 1: Are there solutions that allow data from different formats to be mapped to
XBRL?

However, there are proprietary solutions that are limited to specific segments, such as
banking. Another important limitation is that XBRL instances are only generated from data
contained in databases specific to a given organization, not allowing the use of other sources or
DBMSs.

* Question 2: Are the existing solutions open source, i.e. free and open source?

Only the Arelle software®” is open source, but its purpose is to read XBRL instances and
validate the taxonomy, while the generation of XBRL instances is not covered, nor is the loa-
ding of data from different sources and data formats.

* Question 3: Do the proposed solutions have sufficient generalization to allow the ma-
pping of any data model (e.g. relational, NoSQL, CSV, JSON) to XBRL?

None of the software investigated was able to read data from different sources.

30 https://www.fujitsu.com/global/products/software/middleware/application-infrastructure/interstage/solu-
tions/xbrl/
31 https://www.amelkis-solutions.com/

32 https://arelle.org/arelle/
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* Question 4: Do the proposed solutions meet the requirements of Siconfi and the STN's
Matrix of Accounting Balances (MSC)?

One of the studies investigated presented a solution for the delivery of the STN's MSC,
the work of (BRAGANCA et al., 2019), but limited to reading the data only in CSV format and
using third-party ETL software to generate the XBRL instance.

* Question 5: Is it possible to build a tool with which any taxonomy can be used to gene-
rate XBRL instances from any data source? This article has shown that it is possible to build a
tool to generate XBRL instances from any taxonomy with data from a variety of data sources.

Also, the hypothesis formulated in this article is valid, which found that:

* Hypothesis 1: It is possible to build a tool for extracting, transforming and loading data
in XBRL format, decoupled from any taxonomy and different data models and capable of adap-
ting to the taxonomy and data source required.

The XBRL Processor tool for generating XBRL instances with data from relational or
denormalized sources was presented. The tool has open source code and is parameterized with
the Siconfi taxonomy to generate the MSC, however, the parameterization can be updated or
configured for another XBRL taxonomy.

Finally, a case study showed that the tool is able to meet the needs of Brazilian states and
municipalities in delivering the MSC to Siconfi, thus meeting the federal government's legal

requirement.
6.1. CONTRIBUTIONS

The main contribution of this work is the tool proposed for extracting, transforming and
loading data from different sources and data formats to generate XBRL instances. In addition,
the tool was developed to be adaptable to different XBRL taxonomies. This tool was develo-
ped with a focus on the adaptability of the code to different technological environments, and
is capable of extracting data from a variety of different models of data storage technologies,
simplifying the generation of XBRL instances.

In this way, the XBRL Processor tool, with its open source code, is able to meet the need
to generate XBRL instances of the MSC for Siconfi and can be extended to solve other needs
for generating XBRL instances, even being incorporated into applications under development

or guiding the development of its own solutions for legacy environments.
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6.2. LIMITATIONS AND FUTURE WORK

Despite the benefits achieved by this work, some limitations were identified that need to
be overcome in future work:

* Although the tool makes it easy to add new data sources, it is not available to load CSV
files as a data source; however, research is already underway to adapt the XBRL Engine tool
(BRAGANCA et al., 2019) to be incorporated into the XBRL Processor;

* Validating the data used to generate the XBRL instance against the specifications con-
tained in the taxonomy is beyond the scope of this work. However, it is possible that the XBRL
Processor tool will evolve to overcome this limitation;

* Another limitation identified is the presence of elements of the taxonomy directly in the
code, making it necessary to edit the source code in order to take advantage of other taxonomies
or updates;

* Another limitation is that XBRL instances are only generated in XML format; the con-
sortium responsible for XBRL technology also allows instances in JSON and CSV formats.

As future research, we suggest adding other functionalities to the tool:

* Develop a graphical user interface (GUI) along with usability tests (AKRAM; AQEEL;
HAMID, 2023) and User Experience to allow the inclusion of users with no knowledge of sof-
tware development;

* Develop a module to check and validate the data loaded from the data sources against
the selected taxonomy;

* Generate instances in the XBRL-JSON and XBRL-CSV formats accepted by the con-
sortium responsible for XBRL technology, in addition to the XBRL-XML format;

» Adapt the fast-xml-parser library to load the taxonomy through its files, eliminating
the presence of taxonomy elements in the source code, as shown in Figure 11, enabling easy
exchange and updating, with the aim of covering a greater number of organizations capable of

taking advantage of XBRL technology in the exchange of accounting and financial information;
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