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ABSTRACT

This study aimed to innovate the world of accounting software. After so many years, accountants are faced
with an unbelievable amount of work, which is not always productive, effective and efficient for both the
accountant and the company that provided him with the data required to carry out the accounting. There is
already accounting software with various automation processes, from ornamentation to profitability analysis
and management reporting. There is also software that is updated in accordance with the accounting laws,
i.e., the platform changes its mechanisms according to the changes in the law.

Despite the existence of this software, manual work remains, and the amount of information accountants are
faced with is still very large. It is difficult for accountants to do a 100% reliable job with so much information
and data they have. One of the most common situations in the accounting world is undoubtedly the
miscalculation or forgetting of some financial or non-financial data found in accounting operations (income
statements, balance sheets, etc.). To render accounting operations efficient, effective and productive, error-
free and 100% reliable, an intelligent architecture has been developed to support second generation general
accounting. This architectural design was developed with a view to make the existing software smarter with
the help of artificial intelligence.

A study was carried out on accounting keys and concepts, on Al and main process automation techniques to
build the model. With these studies it was intended to acquire all possible requirements for the creation of the
architecture. Towards the end of the thesis the model was validated.
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Intelligent architecture; general accounting; artificial intelligence; RPA and OCR; Machine Learning
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1. INTRODUCTION

Accounting is a management tool with four functions, the recording function, the control function, the
evaluation function and the forecasting function. Its purpose is to provide meaningful data on company and
business assets. In this way, its addressees (managers and decision-makers) get to know the economic and
financial situation of the company, which enables them to analyse, create strategies and take management
decisions, trying to minimise management failures.

As a support to accounting there are programmes that perform accounting operations and analysis of results
(management analysis) already widely used by accountants and companies. Despite the innovation made
through these software’s, manual work remains, and mistakes continue to be made, often caused by the large
amount of information available.

Thus, it is intended to create an architecture of an intelligent system to support general accounting.

1.1. Context

Accounting is divided between cost accounting, also known as management or internal accounting, and financial
accounting (general or external accounting).

There are quite significant differences between them, being that cost accounting has as its main focus the
evaluation of the company's performance for the creation of new strategies; it is intended for company
managers or financial directors; it is an optional accounting; it does not have defined periodicity; its operations
are: balance sheets and income statements and it has a future application. As for financial accounting, its
objective is the registration and control of operations and the preparation of financial statements; it is intended
for investors, suppliers, shareholders, customers and the State; it is a mandatory accounting, has defined
periodicity (monthly, quarterly or annually); its operations are financial statements, and its application is
immediate.

For this research the accounting to be studied will be financial accounting. Within this we can find transactions
such as: the balance sheet, income statements, equity statements, cash flow statements and annex to the
balance sheet and income statements.

Accounting proves to be a very complex world and includes a wide range of methods such as recording,
classifying, summarizing, analysing and reporting financial transactions over an accounting period, financial
position and cash flows to oversight agencies, tax collection entities and regulators. Accounting is complex in
that the income, assets, liabilities, income statement, balance sheet and statement of cash flows are essential
to corporate decision-making. Good decision-making can lead to better results and consequently increase the
growth and success of the company as well as help to understanding what strengths and weaknesses are present
in the company.

The platforms already in existence allow for the performance of various accounting activities and are currently
a great help to the world of accounting. However, most of the data is still entered manually, which can lead to
errors such as: missing values due to forgetfulness or another incident, entry of wrong values, double entry of
values, error in the calculation of taxes.
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Artificial intelligence is a major technological breakthrough, which allows autonomous decision making without
human intervention, and may allow very relevant results through various technological solutions for accounting.
To be precise, Birol, Kaya and Turkyilmaz (2019) define Al as “the combination of cognitive automation, machine
learning, reasoning, hypothesis generation and analysis, natural language processing, and intentional algorithm
mutation producing insights and analytics at or above human capability”. Al and other technologies are going
to revolutionize the way we all work (Govil, 2020).

1.2. Motivation

After so many years spent at a desk with countless financial and non-financial documents, with a high volume
of data, Al and other technologies have revolutionized the way professionals work. Digital technology is changing
workplaces in the broader accounting profession (Fawcett, 2015; Guthrie and Parker, 2016; Kruskopf et
al.,2020). This change will create new opportunities and will consequently require more advanced technological
skills from employees (Greenman, 2017; Lehner et al., 2019; Neely and Cook, 2011).

According to Jeb Su (2018), accounting has seen no innovation since the creation of double-entry bookkeeping,
a system where each transaction is recorded in two accounts: debit and credit, and this is one of the great
advances since many years ago.

With the aim of innovating the world of accounting, increasing productivity, efficiency, effectiveness and to
improve output quality and decision-making, it would be interesting to adding Artificial Intelligence to
accounting operations.

Mohammad S. J et al., (2020) said that “Al has made great progress and it is set to shape the future. It has
penetrated to all fields of life and its ever-increasing use in business decision making has made it vital tools for
success for all major corporations around the world”.

Al and other technologies together will enable the elimination of errors commonly made by accountants, so
there will be no more bias and self-interest on the part of accountants (Hamad et al., 2020).

Thus, the main research gquestion of this thesis, is:

What will be the future architecture of accounting systems?
The question can be unfolded into several secondary questions, namely:

. How can we use Robotic Process Automation (RPA) in accounting / Optical Character Recognition (OCR)
in general accounting (Scanning of documents and respective automatic document calculations)?

. How can we do automatic recognition of accounting documents?

. How can we use Machine Learning for massive data analysis and pattern identification through
algorithms?

. How would be possible to detect anomalies in the various accounting operations through Artificial

Intelligence and from that understand their origin and identify the main problems and solutions?
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. How can we create an architecture to support second generation general accounting model using Al
(using the above points in this model)?

1.3. Objectives

Aiming help answer the research questions, it was established the following research goal: create an Intelligent
architecture to support second generation general accounting.

In order to achieve this goal, the following intermediate objectives were defined:

. Study the general accounting key areas and concepts

. Study the Artificial Intelligence and process automation main techniques

. Build an Intelligent architecture to support second generation general accounting
. Validate the model

1.4. Study relevance and importance

Nowadays, it is very common to store accounting information in digital form, through accounting software, but
with the application of Artificial intelligence tasks can be carried.

In certain tasks is it possible not to have human intervention, therefore with all the research that will be done |
intend to create an Intelligent architecture to support second generation general accounting. This architecture
aims to turn existing programmes into more intelligent ones. This will allow data to be automatically stored on
the platform.

The combination of Al and other technologies will enable increased productivity, efficiency and effectiveness of
accounting processes and will play a key role in organizations as new talent strategies are implemented and
insights for more competitive customers are gained (Wong, 2020). Thus, the elaboration of the model will speed
up these processes and will help to increase their agility and security. This is achieved because Al can recognize
patterns and learn contextually.

Despite the automation of processes, it is worth noting that the Artificial Intelligence will not eliminate
accountants (Su, 2018). Accountant's participation is fundamental to the whole process, as they can focus on
critical insights that machines may not be able to perform. For example, he/she can have more time to develop
the reporting transparency which helps create trust between the accounting professional and his client, explain
how they are creating long-term value (Wollmert, 2018) and create strategies. This is only possible, because
with the use of Al and other technologies the accountant will not be burdened with tasks that can be done
automatically. This more customer-focused involvement and creative insights will enable the accounting
organizations to evolve.
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Finally, according to the 2018 EY Global Financial Accounting and Advisory Services (FAAS) corporate reporting
survey, 72% of finance leaders around the world believes that Al will have a significant impact on how finance
crafts insights regarding data (Wong, 2020).
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2. METHODOLOGY

An architecture that supports second generation general accounting, it can be considered as an artifact, for this
reason, the most suitable methodology is Design Science Research (DSR).

The architecture of a system that will allow the automatic classification of documents (movements of accounting
entries), analysis of balance sheets and analysis of results, will be the result that occurred from the preparatory
or investigative procedure, DSR.

With this methodology, the final result of this artefact will be to propose changes to the traditional architecture
of general accounting support programs, in order to make them more intelligent to pave the way for a second-
generation accounting software.

2.1. Design Science Research

Design Science Research was influenced by predecessors of design research such as March and Smith (1995),
Nunamaker (1990), and Walls (1992), authors who built research careers directed at building physical
information systems (Peffers et al., 2018). According to Venable (2006), the Design Science Research “has a
broader objective: to generate knowledge that is applicable and useful for solving problems, improving existing
systems and also creating new solutions and/or artifacts”.

Horvath (2007) and Baskerville et al. (2015) have the same idea regarding the methodology under analysis. The
DSR is fundamental in two main ways: (1) utilise all the knowledge that has been acquired with the aim of solving
problems, creating changes or improving existing solutions, and (2) to create new knowledge and theoretical
explanations and insights.

Design Science Research methodology include six steps, according Peffers et al., (2007): (1) Problem
Identification and motivation; (2) Objective Definition; (3) Design and Development; (4) Demonstration; (5)
Evaluation; and (6) Communication. These six activities are represented in figure 1.
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Problem Identification & Motivation

INFERENCE

Objective Definition

THEORY

Design & Development

Possible Research Entry Points

i

HOW TO KNOWLEDGE

Demonstration

METRICS, ANALYSIS, KNOWLEDGE

DISCIPLINARY KNOWLEDGE

Communication

Figure 1.Design Science Research Stages - adapted from (Peffers et al. 2007)

These six steps will enable the construction of the intelligent architecture that will serve as support for second
generation accounting, because, as has been mentioned, this methodology aims to solve problems by improving
existing systems by creating new solutions that enable the improvement and growth of these same systems.
Peffers et al. (2007) mentioned that the design science research methodology “emphasises the design and
construction of applicable artefacts, such as systems, applications, methods, and others, that could potentially
contribute to the efficacy of IS in organizations”.

After the artefact has been constructed, it is evaluated, looking for both the environmental usefulness and the
knowledge that has been implemented (new knowledge). For the evaluation both the quality of the artefact and
the quality of the knowledge need to be addressed (Venable et al., 2016).

2.2. Research Strategy

One of the most common situations in the world of financial accounting is undoubtedly the calculation error or
the forgetting of data. The motivation is to make accounting work more efficient and reliable, contributing to a
greater and detailed assessment of the performance of companies and their activities. In the first step, literature
review will be prepared in order to understand the area of accounting, more specifically general accounting.
Within general accounting, we will study how it works, what accounting operations are carried out, what types
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of companies use it, what standards are established in this accounting, what financial data are used, what types
of analysis and reports are usually prepared in this type of accounting.

It will be needed a high level of understanding about the Al and other technologies, as Robot Process
Automation, Optical Character Recognition and Machine Learning. This is to understand how the automatic
recognition of documents can be used to make accounting entries and then a balance sheet analysis and a final
analysis of the results obtained, so that later on beneficial business strategies can be created for the company
or client in question.

The objective of this research will be the implementation of an architecture for a financial accounting system
capable of turning already existing software into more intelligent programs, starting from the automatic
recognition of documents for the preparation of accounting entries, analysis of results and management. In the
second step, all the literature review will be concluded, and all the information analysed insofar as it can bring
together all the requirements necessary for the elaboration of the intelligent architecture to support second
generation general accounting, so that it is an architecture that can turn existing software into smarter general
accounting software.

In the Design and Development phase, after all the requirements and all the research done, we will develop the
artefact. | will combine Al with other technologies studied, so that the intelligent architecture to support general
accounting will be formed with the aim of proposing changes to the architecture of traditional accounting
software, more specifically general accounting. This architecture will consist more specifically of the
technologies of OCR, Text Mining, Rule-based classification (automatic classification), Cloud Computing and
Business Intelligence.

In phase four, a use case of the general accounting support system architecture will be built in order to
understand if the conceptual artefact meets the pre-established objectives and if this system really has the
ability to transform the existing software into smarter software, since the final result of this research will be to
propose changes to the traditional architecture of general accounting support programs in order to pave the
way for the existence of a second generation accounting software. This Demonstration will be executed in three
stages: stage 1- presentation of an example invoice; stage 2- Text Mining, i.e., the information present in the
invoice will go to the system and will be organized in a table with the same data present in it; stage 3- accounting
of the invoice. The validation of the model will be essential to see if it is effective, efficient, fast and easy to use.
This phase is quite relevant for research, since if something is not in line with the defined objectives, the project
is still in time to be modified.

In the Evaluation phase, the results of the architecture will be evaluated and interpreted. To elaborate this
phase, a brief presentation about the architecture project in question will be elaborated presentation to three
interviewees who will answer three quality assessment questions.

The final phase corresponding to communication, the interpretation, description and communication of data
relating to the architecture will be carried out taking into account that it has fulfilled all the pre-defined
objectives and requirements.
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3. LITERATURE REVIEW

A Literature Review is essential to any research project and discipline and can be, also referred to as a
'Theoretical Framework' or 'Research Background'. To be considered relevant and reliable, a literature review
must follow certain steps, be clear to those who read it and convey confidence and veracity (Snyder, H., 2019).

This review consists of describing what has already been done, what has already been discovered, supported by
reliable and clear reports (Moher et al., 2009; Snyder, 2019). According to Snyder, H., (2019) "a literature review
provides the basis for the construction of a new conceptual model or theory", that is, by investigating what
already exists and what has already been discovered, it is possible, most of the time, to find gaps or gaps in the
research of a certain topic and from these gaps and gaps, various solutions can be created, allowing the
development of a new model or new theory.

Given this information of what a literature review is, the available literature will be explored and the most
pertinent information will be gathered for the topic being studied and worked on. This will require a literature
review by reading articles associated with the topic in question and then gathering the most relevant
information for the analysis of the research being undertaken.

3.1. General Accounting

3.1.1. Concepts

Financial Accounting summarises and reports the transactions of a company in order to provide an accurate and
clear picture of its financial performance and positioning, what end results the company has achieved, whether
positive or negative, what strategies or solutions for the company to pursue the next step.

"Accounting is the process of systematically recording, reporting and analysing the financial transactions of a
company. “, according to the International Journal of Accounting Research. It is one of the most important tools
for a company.

Financial and accounting data about the company is collected in order to guide company-related decisions. The
accounting system is based on old technology dating back to Pacioli in 1494 and still used by the market. It is a
double-entry system, which keeps track of the company's stocks and financial flows (Christensen, 2010).

The preparation of financial statements that correspond to the balance sheet, income statement and cash flow
statement is the main objective of financial accounting and gives the financial manager insight into the
company's past performance and its current position (Renzetti, 2015), making it possible to compare past and
present data. This analysis of the company's performance through financial accounting allows the financial
manager to make forecasts for the future (Renzetti, 2015) and create new strategies, always keeping the
company's success in mind.

Accounting presents a set of standards, by which an accountant must follow and respect, as well as regulations
called Generally Accepted Accounting Principles.
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The Accounting Standards Committee (CNC) is an independent organization, in which public and private entities
with an interest in accounting are represented at a national level (Comissdo de Normalizacdo Contabilistica,
2013).

Its purpose is to issue standards, opinions and recommendations to the aforementioned entities within the
corporate and public sector, in order to guarantee accounting procedures harmonised with European and
international standards of the same nature (Comissdo de Normalizacdo Contabilistica, 2013).

This entity issues the accounting standards that are applied in the Accounting Normalisation System (SNC), in
the Accounting Normalisation for Micro-entities (NCM) and in the Public Accounting Normalisation System
(SNCP) (Comissdo de Normalizagdo Contabilistica, 2013).

The SNCis an accounting standardisation model based more on principles than on explicit rules and is composed
of the following instruments: Bases for the Presentation of Financial Statements; Models of Financial
Statements; Code of Accounts; Accounting and Financial Reporting Standards; Accounting and Financial
Reporting Standards for Small Entities and Interpretative Standards as presented in annex version 070618 of the
accounting standardisation system.

Although the SNC is the main accounting model, smaller entities may use, by option, the NCM which is an
accounting model for micro-entities (Couto, M., 2010). The SNCP is applicable only to public accounting and
seeks to bring national public accounting into harmony with global accounting practices (Ferreira, R., 2012).

In general, we can consider the Accounting Standardisation System (SNC). Accounting model for entities in
general, whose decree-law in force is Decree-law n2 158/2009 (Comissdo de Normalizagdo Contabilistica, 2013).

3.1.2. Areas & Tools

Accounting comprises various areas such financial accounting, management accounting, government
accounting, public accounting, cost accounting, forensic accounting, tax accounting and auditing. The area on
which this research will focus is area corresponding to financial accounting where their specialty is in external
reporting involving accounting standards that have to be respected as they are mandatory and may change
according to the country where the company is based (Bragg, S., 2021).

Today, many accountants already use innovative digital tools that optimize the entire accounting process, thus
reducing paper consumption. Many wonders whether accountants will be replaced by robots, but quite the
contrary, various technologies such as artificial intelligence will empower them by reducing manual data entry,
will speed up processes and will improve the quality of data and final results (Chandi, N., 2018).

According to Chandi, N. (2018) publication present in Forbes, it is predicted that by 2020 labour-intensive and
repetitive tasks such as preparing taxes, audits, payroll, banking, among others, will be fully automated — “a
trend that is considered the biggest transformation since the introduction of double-entry bookkeeping 500 years
ago” and it is predicted also that by 2026 “the global market for accounting software will have a value of 511.8
billion”. Accounting in general is constantly changing for the better, and great opportunities and challenges are
predicted for this world in the future.
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3.1.3. Challenges and Opportunities

The initial thought that occurs in people's minds is that technology has come to devalue the accountant's work,
however this type of thinking is completely wrong, since technology in this context is responsible for favoring
the professional's performance, for better guiding the development in companies. The introduction of new
technology has improved activities that used to be carried out in handwriting, which was a costly and exhausting
job (Gera et al., 2013).

The accounting systems themselves present problems, since there is a discrepancy between the accounting
model, which is linear and the economy, which is non-linear, thus reducing its usability for decision-making
purposes for the company (Christensen, 2010). However, these accounting systems are critical in providing
information to decision-makers. According to Horngren et al. 2009 “It produces figures that have proved useful
in pricing commodities and produces data that serve as inputs to the management-by-balance sheet assessment
exercise”.

Financial accounting often faces challenges related to mandatory standards, which go according to the SNS, and
which can be changed. Once these are changed, accountants need to be aware of these changes in order to do
their job properly and now with COVID-19 some difficulties may arise. With the help of new technologies, some
accounting software already keeps up with changes in norms, which allows the accountant not to have to worry
about these changes, since the system takes care of them.

Around 2% of large companies have implemented machine learning or Al, and approximately one in five make
plans to implement these new technologies as well. As more companies adopt new technologies, accountants
have to develop other skills, mainly business competency strategies, such as data analytics and financial
modelling and forecasting. In addition to these technical skills, so-called soft skills will be needed to obtain the
ability to work independently and in virtual teams, have attention to detail and the accountant must be able to
adapt to change and explore new subjects. (Beaver, S., 2021).

3.2. Processes Automation

3.2.1. Concepts

In the era of digital economy, automation and robotics technologies are gaining a large dimension in different
sectors of the economy. These sectors are business services, such as financial and accounting processes, human
resource management, sales and delivery and customer service. (Arkadiusz Januszewski et al., 2021). Process
automation utilizes technologies with the aim of automating business processes that are time-consuming and
quite complex and it is features three functions that concern process automation, centralization of information
and reduction of the need for people input.

To implement process automation, it is necessary to identify if the tasks/processes are repetitive, time
consuming, how many people are needed to perform the task, if they need auditing and if they are rules based
or standardized. After all these aspects are identified we analyse if this task will have a high return on investment
if automated. Finally, a project is created to change to new technologies such as Process Automation, and these
tasks can be automated for better efficiency and speed (What is Process Automation, n.d.).
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3.2.2. Approaches

Process Automation presents several types of approaches and one of them is Artificial Intelligence. “The capacity
of artificial intelligence to solve any question by itself without the aid of any human involvement may be loosely
described as machines”, according to Singh, J., et al. (2021). Artificial intelligence is composed of the following
technologies, Robotic Process Automation (RPA), Intelligent Process Automation (IPA), Augmented Intelligent
Process Automation (AIPA) and Autonomous Agents (AA). These technologies that constitute Al currently solve
a number of business problems.

3.2.3. Robotic Process Automation

One of the best-known Al technologies is Robotic Process Automation and it enables the automation of
workflows or business processes that are repetitive, with the input of structured data. The decision logic of RPA
can be formulated into rule-based decisions. For the use of RPA, the business process or workflow must contain
a low level of process complexity and zero or limited cognitive capabilities, this is because it has a low level of
exceptional manipulation capabilities and intelligence. RPA presents a limited human supervision.

Robotic Process Automation is understood as the automatic execution of administrative, scientific or industrial
tasks using robotics for the execution of multiple tasks that replaces the role of humans (Jorge Ribeiro et al.,
2021).

RPA tools provide a set of techniques and processes that aim to improve work by decreasing the number of
repetitive tasks.

RPA is defined as “a preconfigured software instance that uses business rules and predefined activity
choreography to complete the autonomous execution of a combination of processes, activities, transactions,
and tasks in one or more unrelated software systems to deliver result or service with human exception
management” (IEEE Corporate Advisory Group, 2017).

Another definition of Robotic Process Automation RPA is that this type of automation is a form of technology
that serves to speed up decision making efficiently through rules and with highly structured data. Human
supervision is limited in business process management as it is enabled by robots, chatbots or software agents.
The best known, so-called classic examples of RPA include help desk, scheduling systems, forms processing and
call centre operations and sales process support. (Ng, K. K. et al., 2021).

According to Ribeiro, J. et al. (2021), “In addition to the use of RPA, the complement with Artificial Intelligence
(Al) - algorithms and techniques - allows to improve the precision of the execution of automated processes.”

Although RPA is a powerful and quite effective technological tool that enables faster execution of routine and
repetitive tasks, “its applications are limited only to highly rule-based, structured, mature, standardized, re-
standardized and well-documented decision logic for easy tasks/processes with digitized structured data input”
as mentioned by the Ng, K. K. et al. (2021).
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3.2.4. Intelligence Process Automation

IPA consists of RPA and Al technologies and is able to perform prescriptive analysis and, to perform decision
logic with input of unstructured data, such as images, text, videos and voices. IPA enables a certain level of
cognitive decision making that combines Artificial Intelligence and soft computing techniques thus enabling the
imitation of human decision making.

This technology enables business process improvement and holds tools that remove repetitive, routine and
replicable tasks. This promotes the simplification of customer-business interactions, improving response time,
speeds up processes and reduces operational risks.

IPA mimics tasks performed by humans and with time and experience learns to perform them better, with
greater efficiency. (Berruti, F. et al., 2017)

Process Artificial

Automation Intelligence

Figure 2.Components of the Intelligence Process Automation

3.2.5. Workflow Automation

The concept of workflow focuses on routines in manufacturing and office to create work efficiency. This routine
work is done through tasks, roles, rules and certain procedures and was initially carried out solely by human
beings. According to Georgakopoulos et al. (1995), “With the introduction of information technology, workplace
processes are partially or fully automated by information and information systems, i.e., computer programs that
perform tasks and apply rules that were previously implemented by human beings”.

Workflows comprise activities that involve the coordinated execution of multiple tasks and, for this reason,
information systems, i.e., the automatic processes that enable the execution of these tasks efficiently and
quickly, are essential to business. The components of the tasks are relevant and crucial to the control and
coordination of their performance (Baharudin, B., Lee, L. H., & Khan, K., 2010).
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3.3. Al-based automation of financial accounting operations

3.3.1. Image recognition

Digital transformation across sectors is occurring at a great speed compared to the understanding and time
needed for workers to adapt to these changes. This happens with accountants and the constant changes in
digital. The transformation in the organisation of accounting could enable a number of services that increase
the efficiency and effectiveness of processes and, consequently, a high success of the accounting product. The
accounting systems that accompany this technological revolution are transformed into "information systems"
that in real time provide information such as the financial and business performance of companies and bases
for predictive models for better strategic management of companies (Boyanov, B.,2018).

Optical Character Recognition (OCR) is one of the most relevant and efficient applications in this digital age when
it comes to accounting. This system corresponds to a technology that converts scanned images, Portable
Document Format (PDF) files and photographs into readable and editable text (Boyanov, B.,2018). Phangtriastu,
M. R. et al. (2017) refers that “OCR is one of popular research area in artificial intelligence and patter recognition
since it makes possible to read the text and convert it into electronic files, which can be edited. Many
applications have been developed using OCR”.

This type of digital technology is extremely relevant and useful for the work of accountants, as it will eliminate
the difficulties of accounting processes. That will result in a significant decrease in human errors, limited
accounting ransomware that is easy to manipulate, easier and more efficient storage and processing of
accounting information accounting information and will provide an easy way to search the archive data.
Incorporating OCR technology into accounting can help with fraud prevention and financial control, for example
of income and expense accounts. One of the steps in the digital transformation of accounting processes will be
to limit the constant use of paper documents through OCR (Boyanov, B.,2018).

The procedure for optical character recognition is composed of three sentences: preprocessing, text detection,
text recognition. The phases mentioned can be named differently but they mean the same thing, for example
the first phase preprocessing is also called Character Extraction, the second phase Text Detection means
Character Classification and finally the last phase Text Recognition can also be called Character Recognition
(Phangtriastu, M. R. et al., 2017). We then use the phases that make up the OCR Deep Learning Model where
we start with an image (input image) and end with a text (output text).

The steps of an OCR Deep Learning Model:

INPUT IMAGE OUTPUT TEXT

Figure 3.Steps of an OCR Deep Learning Model - adapted from (Label Your Data., 2021, February 5)
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3.3.2. Text Mining

Text Mining is one of the most relevant areas that stems from digital growth over the years and is applied in
situations such as database applications that store information in the form of text. More precisely, text data
mining is meant for the process of extracting interesting and non-trivial patterns or knowledge through text
documents and is a variation on a field called data mining that attempts to find interesting and meaningful
patterns from large databases. “Text mining is the process of transforming unstructured text data into machine-
processable structured form to discover hidden patterns, also known as a knowledge discovery database from
the text (KDT), it deals with the machine learning supported analysis of the textual data” mentions Thakur et al.,
2021.

As for text mining we find several applications such as "entity" extraction (dates, names, abbreviations and
acronyms), text summarization, text categorization, language identification, information extraction and
information retrieval, information clustering, authorship relationship identification, sentence structure
identification and key phrase detection (Thakur et al., 2021).

Thakur et al., 2021 refers “Textual data is extracted from semi-structured and unstructured datasets such as
emails, full-text documents, HTML files “. The process of Text Mining starts with a collection of documents from
various resources and the text mining tool retrieves a particular document which is pre-processed, where the
document format and character sets are checked in detail. Then, the text present in the document goes through
a semantic analysis phase in order to obtain high quality information through the text. Text analysis techniques
can be repeated until the information is completely extracted. The resulting information can be placed into a
management information system, producing an abundant amount of knowledge for the user of that system.
(VijayGaikwad, S., Chaugule, A., & Patil, P.,2014).

Discovery of Knowledge

Figure 4.Text Mining Process - adapted from (VijayGaikwad, S., Chaugule, A., & Patil, P.,2014)

3.3.3 Rule based classification

Classification is a relevant issue in machine learning and data mining and has been used in many real-world
applications. To build a classifier, a user needs to collect training examples that are named with predefined
classes and thus a classification algorithm is applied to the training data in order to obtain a classifier that is used
in assigning predefined classes to test instances or future instances (Li, X. et al., 2014).
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Automatic classification refers to a process of managing text and unstructured information that is made from
the clustering or categorization of text. This technology enables the organization of content or data in a fast and
efficient way. The data present in the various accounting documents will be automatically classified and thus
directed to the corresponding categories present in the accounting system.

Automatic classification of documents into different predefined categories is a subject that has been extensively
studied over the years and is progressing immensely and there seems to be rapid progress in this area as well as
the machine learning approaches used for this rule-based automation. The approaches correspond to Bayesian
classifier, Decision Tree, Support Vector Machines (SVMs), Latent Semantic Analysis, Rocchio's Algo-Rhythm, K-
nearest neighbor (KNN), Fuzzy Correlation, Neural Networks and Genetic Algorithms, etc. (Baharudin, B., Lee, L.
H., & Khan, K., 2010).

The approaches mentioned here are all alternatives for the automatic classification of accounting documents so
that the data is organized into different categories in the accounting software. Therefore, this would be the last
step of the architecture after image recognition (OCR) and text mining (document uploading).

3.4. Existent solutions to support automatic accounting

The accounting area entails different changes with regard to the technological part and presents a term
associated with the fourth industrial revolution which is Accounting 4.0. The so-called fourth industrial
revolution aims at innovating and optimizing digital processes through various tools in the accounting area.

In the past, accounting was performed in a handwritten way and nowadays it is possible to enter data in proper
systems prepared to receive such information. However, special care must be taken when entering data or
information. Many errors can occur when entering data. What are accounting systems for? These systems make
it possible to make decisions in an effective and efficient manner, optimize knowledge and better attend to
clients.

According to Franco G. et al., 2020, “The information technology is the most used tool by the managers of a
company and to keep up with the competition the companies must follow this technological acceleration through
the integrated systems that generate information”.

A current integrated system that generates information is the Enterprise Resource Planning (ERP) or integrated
management system that aims at the automation of the procedures carried out by a company. This system
carries out the planning, execution and control of data both at economic and financial level in an effective and
efficient way, increasing the speed of any work method. ERP presents the integration of different sectors acting
in different areas (commercial, industrial, etc.) by transmitting information in real time (Haberkorn, 2015).

The sector that most understands the importance of this tool is accountability, since any posting and movement
has an impact on accounting reports whether a loss or gain will always reflect on the company's assets, according
to the view of Haberkorn (2015).
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MRP Il, manufacturing resource planning, was a technology for large industries that stood out for its security,
agility and greater management of work processes, guaranteeing business management control. Therefore, ERP
emerged from MRP Il (Franco G., 2020).

There is the integrated management system (ERP), as previously mentioned, as well as the management
information system (MIS) and the accounting information system (AIS). The management information system
was developed with the function of diminishing the potential risks that arise from business and with the function
of making the analysis and interpretation of data more effective and efficient (Xavier & Rodrigues, 2019).

The accounting information system (AIS) has functions such as recording, processing and reporting of both non-
financial and financial information/data to assist management decision making at the internal and external
control levels of companies/organizations (Richardson et al., 2014).

The Public System of Digital Bookkeeping (PSDB) is a solution that was created in order to formalize the digital
files generated by accounting and tax bookkeeping, that is, or the creation of PSDB, the Federal Government
gained access to accounting records and thus apply a greater regime of inspection (Sasso et al., 2011). The PSDB
files are subject to audits conducted by the PROSOFT software that reports inconsistencies in analytical reports,
so that "companies adopt the necessary measures to meet the obligations of current legislation”, stated Franco
G., 2020.

Another well-known software in the accounting area is Software Aided Group Environment (SAGE), which is
present in 23 countries with around 3 million clients and 13 thousand employees. SAGE combines Sage
accounting, Sage fiscal, Sage payroll and Sage asset control. It has Sage solutions made for customer service
based on reliable and updated information/data (Franco G., 2020).

The Sage Accounting software is a simple and easy to use software that allows you to automate several tasks,
allowing you to be more customer-focused and provide a better service. It is possible to access the software
from any connection, thus maintaining control of the company and ensuring proper compliance with tax
obligations (Software de Contabilidade|Sage PT, n.d.).

SAGE software presents a tool that corresponds to a cloud digital archive for accountants that allows the
organization of documents and ensures their security. The cloud digital archive refers to an add-on (plug-in,
extension or complement used to add functionality to larger programmes) that has the function of archiving
documents in the cloud and automating accounting entries.

How does this add-on work? Since documents are stored in the cloud, they can be accessed quickly whenever
you want and will reduce the costs of office supplies (Arquivo Digital Cloud para documentos contabilisticos |
Sage PT, n.d.).

One of the most important mechanisms for this thesis is the automatic classification of accounting documents.
The traditional method of classification corresponds to a manual process where experts first know and
understand the content of the document and then assign attributes of the taxonomy to the designated
manuscript (Chakraborty, V. et al., 2014). According to Fisher et al.,, 2010, “While the extant research on
accounting thought development and evolution applied the traditional manual classification method for long,
concerns have been raised in the literature that it is fairly time consuming, costly, and could introduce
inconsistent classifications by different researchers”.
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Accounting for some companies is still done from slow, manual and outdated processes involving spreadsheets,
paper export reports and immense data entry. Fortunately, automated classification technologies are now
available to make accounting work faster, more productive and more accurate.

Automatic classification software has benefits that differ greatly from traditional, time-consuming automatic
classification. The benefits are, saving time by reducing old, slow, inefficient and repetitive tasks; be more
productive, as you can save time the accountant gains extra time for more important matters that add value to
you and your client (e.g., decision-making, strategy development); get more accurate data, through software
that is designed to perform endless repetitive tasks, always the same way, whereas a human being with a
plethora of documents is more likely to make mistakes; retrieve information instantly if the accounting
automation software is cloud-based, thus meaning that any documents, data or information will be at your
disposal whenever you need it (you don't have to search and books or filing cabinets); use secure file storage
(digital files are more secure than piles of paper moved from one place to another) and work from anywhere,
from the time of COVID-19 many accountants were able to work from home as they were using one of the
automated classification software with the cloud and therefore had access to all the files/documents needed to
run the accounting (Whatman, P. 2022).

Four important features that should constitute an automated classification software are, digital solutions to
boring, repetitive and stressful problems; easy to use, as accounting already presents complicated concepts and
thus there will be no need for intensive trainings for users; cloud-based system, so that users of the platform
can work wherever they want and finally, user-friendly, in the sense that good platforms allow sharing of reports
to clients (Whatman, P. 2022).

Xero software is one of the most popular systems for small, medium and large companies and accountants. It
enables the availability of financial data to all relevant parties, including accountants and external advisors.

Accountants do not have to recreate the reports for the rest of the company, clients can log into the platform
and thus get the information they need. There is other software as an alternative to XERO with different
components. FreshBooks offers unlimited screening time at the lowest level of its plan, while Xero users for a
screening of information would have to opt for the highest level (most expensive level) to get that feature.
GoDaddy Bookkeeping allows small businesses to accept payments directly from their phones. It's quick and
easy to use and requires no prior bookkeeping knowledge.

QuickBooks Online is the ideal software if your business is growing with more specific accounting needs. Like
Xero, it can easily scale with your business.

Going back to the Sage tool that includes Sage 50cloud's Cash Flow Manager is a tool to better understand
future transactions and how they can impact the business. It allows you to analyze the business over the years.

The Wave software (free platform) is an excellent choice for small businesses looking for free software (Woock,
K., 2022).

QuickBooks online is the best accounting software for medium-sized businesses whose advantages are
advanced features, numerous integrations, ease of use and strong accounting. The disadvantages are poor
customer support and support for only 25 users, which for a large company would not work.
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For large companies Xero is the best cloud-based accounting software and its advantages are advanced features,
best security when it comes to cloud-based, unlimited users (unlike QuickBooks), fairly strong accounting and
numerous integrations. As for the cons these are, poor customer support and steep learning curve.

Another software for large businesses is Finsync with unlimited users, affordable, easy to use and strong cash
flow and analytics. On the downside, there is no mobile app (so it can't be used anywhere), limited integrations
and features. This software, also cloud-based, has unique aspects when it comes to its cash flow functionality,
allowing you to analyze it and therefore plan the future of the business. This software, unlike its predecessors,
already has indispensable customer support. For companies that are wary of switching to new technologies,
with FINSYNC you can hire an expert to set up your account.

For large companies that want to grow in terms of the software they use, the idea would be to move from the
current accounting software to full ERP software. ERP software consists of a complete package of functionality.
These are: accounting, analytics, business planning, inventory, sales management, and human resources.
NetSuite ERP is above XERO and QuickBooks Online, it has a lot more to offer as it has a lot of features like its
strong security, advanced dashboards and user permissions, it suits any type of business and niche and, it is high
level of analytics and reports available where the software displays the different KPI'S of the company. The cons
of this platform correspond to the difficult learning and high price.

For companies that are not yet completely prepared to take on ERP software, they can alternatively opt for
QuickBooks Enterprise. QuickBooks Enterprise is a version above the QuickBooks Online system that features a
larger feature set and support for 40 users instead of 25. Advantages of this version, more than 240 integrations,
numerous features, allows 24 users and good customer support. As for the disadvantages, it is expensive and
has a steep learning curve. It should be mentioned that this version constitutes a unique feature not found in
any accounting software (not ERP) which is, business plans and cash-flow projections (Seppala, E., 2022).

The last software is the Primavera software, which allows the automation of accounting, document archiving in
a cloud, business reporting and fiscal reporting. This software is only available in one language, English, which
prevents some accountants from using the software. The Primavera software commonly used in Portugal has
the disadvantage of not having an OCR system, i.e., the documents that are in the digital archive of the system
in question available for automatic launches are loaded via email or via QR CODE. Scanning is not included in
this system, so Primavera users have to own a separate scanner.
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4. AN ARCHITECTURE PROPOSAL

4.1. Assumptions

The purpose of this thesis came about while debating an issue about the hard work of accountants in general.
The manual work is quite immense which can lead to accounting errors. One of the most common situations in
the world of financial accounting is undoubtedly the calculation error or the forgetting of data.

The question was - how can | make the accounting work in financial accounting more efficient and productive
by using artificial intelligence and its tools? Since in this new age of digital, robotics and automation are
increasingly growing, it will be possible to build a suitable architecture for an accounting system that allows
manual work to be reduced or even eliminated. This architecture will allow the automatic classification of
documents (movements of accounting entries), analysis of balance sheets and analysis of results and this
artefact will be to propose changes to the traditional architecture of general accounting support programs, in
order to make them more intelligent to pave the way for a second-generation accounting software.

The advantages inherent in building this architecture are greater productivity, efficiency and effectiveness of
accounting processes through the combination of Al with other technologies, performance a key role in
organisations as new talent strategies is implemented and knowledge is gained for more competitive customers
(Wong, 2020), acceleration of processes that will help increase their agility and security. This is achieved because
Al can recognise patterns and learn contextually. The non-elimination of accountants is another advantage (Su,
2018). Accountants' participation is critical to the whole process as they can focus on critical insights that
machines may not be able to perform. For example, they can have more time to develop the transparency of
reporting that helps build trust between the accounting professional and their client, explain how they are
creating long-term value (Wollmert, 2018) and create strategies. This is only possible, because with the use of
Al and other technologies the accountant will not be burdened with tasks that can be done automatically. This
more customer-centric engagement and creative insights will allow accounting organisations to evolve.

For this architecture it is necessary:

- Perform automatic recognition of accounting documents;

- Use Machine Learning for massive data analysis and identification of patterns through algorithms;

- Identify a specific document and extract all the information to the accounting system;

- Categorize the information, i.e., distribute the data into their different groups within the system

- Detect anomalies in the various accounting operations through Artificial Intelligence and from there
understand their origin and identify the main problems and solutions.

Based on what has been studied in the literature review the exact information we have for this analysis is:

- "Accounting is the process of systematically recording, reporting and analysing the financial transactions
of a company. “, according to the International Journal of Accounting Research. It is one of the most important
tools for a company;
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- The accounting system is based on old technology dating back to Pacioli in 1494 and still used by the
market. It is a double-entry system, which keeps track of the company's stocks and financial flows (Christensen,
2010).

- The area on which this research will focus is area corresponding to financial accounting where their
specialty is in external reporting involving accounting standards that have to be respected as they are mandatory
and may change according to the country where the company is based (Bragg, S., 2021);

- Many accountants already use innovative digital tools that optimize the entire accounting process, thus
reducing paper consumption. Many wonders whether accountants will be replaced by robots, but quite the
contrary, various technologies such as artificial intelligence will empower them by reducing manual data entry,
will speed up processes and will improve the quality of data and final results (Chandi, N., 2018);

- According to Chandi, N. (2018) publication present in Forbes, it is predicted that by 2020 labour-
intensive and repetitive tasks such as preparing taxes, audits, payroll, banking, among others, will be fully
automated — “a trend that is considered the biggest transformation since the introduction of double-entry
bookkeeping 500 years ago” and it is predicted also that by 2026 “the global market for accounting software will
have a value of 511.8 billion”;

- The accounting systems themselves present problems, since there is a discrepancy between the
accounting model, which is linear and the economy, which is non-linear, thus reducing its usability for decision-
making purposes for the company (Christensen, 2010);

- According to Horngren et al. 2009 “It produces figures that have proved useful in pricing commodities
and produces data that serve as inputs to the management-by-balance sheet assessment exercise”.

- About 2% of large companies have implemented machine learning or Al, and approximately one in five
make plans to also implement these technologies. As more companies will embrace new technologies,
accountants will need to develop other skills, primarily business competency strategies such as data analysis and
financial modelling and forecasting. In addition to these technical skills the so-called soft skills will be needed to
obtain the ability to work independently and in virtual teams, have an attention to detail and the accountant
must be able to adapt to change and explore new subjects. (Beaver, S., 2021).

- In the age of the digital economy, robotization and automation is increasingly growing in different
sectors of the economy. These sectors are business services, such as financial and accounting processes, human
resource management, sales and delivery and customer service. (Arkadiusz Januszewski et al., 2021).

- To implement process automation, it is necessary to identify if the tasks/processes are repetitive, time
consuming, how many people are needed to perform the task, if they need auditing and if they are rules based
or standardized. A project is created to change to new technologies such as Process Automation, and these tasks
can be automated for better efficiency and speed (What is Process Automation, n.d.).

- RPA is defined as “a preconfigured software instance that uses business rules and predefined activity
choreography to complete the autonomous execution of a combination of processes, activities, transactions,
and tasks in one or more unrelated software systems to deliver result or service with human exception
management” (IEEE Corporate Advisory Group, 2017).

- According to Ribeiro, J. et al. (2021), “In addition to the use of RPA, the complement with Artificial
Intelligence (Al) - algorithms and techniques - allows to improve the precision of the execution of automated
processes.”

- IPA mimics tasks performed by humans and with time and experience learns to perform them better,
with greater efficiency. (Berruti, F. et al., 2017)

- Phangtriastu, M. R. et al. (2017) refers that “OCR is one of popular research area in artificial intelligence
and patter recognition since it makes possible to read the text and convert it into electronic files, which can be
edited. Many applications have been developed using OCR”.
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- “Text mining is the process of transforming unstructured text data into machine-processable structured
form to discover hidden patterns, also known as a knowledge discovery database from the text (KDT), it deals
with the machine learning supported analysis of the textual data” mentions Thakur et al., 2021.

- Text Mining applications: "entity" extraction (dates, names, abbreviations and acronyms), text
summarization, text categorization, language identification, information extraction and information retrieval,
information clustering, authorship relationship identification, sentence structure identification and key phrase
detection (Thakur et al., 2021).

4.2. Architecture

The architecture is composed of two systems: the first corresponds to the Introduction and classification of
documents that comprises the following technologies: Cloud Computing, OCR, Text Mining, Rule Based
Classification, Optimization and adjustments and the second corresponds to the Business Intelligence where the
data analysis takes place (indicator evaluation and data analysis over the years).

Accounting documents are stored in the cloud at the start of the process and during the process. Storing them
ensures greater security and allows documents to be accessed anywhere, at any time. In this way, physical filing
is eliminated, and the costs associated with office supplies are reduced (paper, physical space and printing).
Accountants' time and resources become more efficient.

OCR converts scanned images, PDF files and photographs into readable and editable text (Boyanov, B.,2018).
Incorporating OCR technology into accounting can help in fraud prevention and financial control, for example,
of income and expense accounts. One of the steps in the digital transformation of accounting processes will be
to limit the constant use of paper documents through OCR (Boyanov, B.,2018). The procedure of optical
character recognition consists of three phrases: pre-processing, text detection, text recognition.

Text mining starts with a collection of documents from given resources. A specific document is retrieved, and
the mining tool performs its pre-processing, checking the character set and its format. Then, the document goes
through a text analysis phase (semantic analysis to obtain high quality information from the text in question).

Text analysis techniques can be repeated until the information is completely extracted (VijayGaikwad, S.,
Chaugule, A., & Patil, P.,2014).

Automatic classification refers to a process of managing text and unstructured information that is done from
the grouping or categorization of text. This technology allows classification of documents (example: invoice) and
enables the organization of the content or data in a fast and efficient way. The data present in the various
accounting documents will be automatically classified and thus directed to the corresponding categories present
in the accounting system. These accounting documents are stored in the cloud, which ensures greater security
and allows access to the documents anywhere, anytime. This technology allows classification of documents
(example: invoice) and allows the organization of the content present in the documents in a fast and efficient
way. Accountants' time and resources become more efficient.

In stage 4, Accounting Records, the human will have to validate what has been done in the previous phases, if
what has been done by the system is not correct or needs some adjustments, it will have to occur the phase 4.1,
Optimization and adjustments, for optimization of the rules and the system, this way the system in a later
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process already knows what it has to do. Returning to phase 4, Accounting Records, if what has been done by
the system previously is correct, we move to phase 5, Data Analysis.

Data analytics brings together various processes such as: data collection, cleaning, inspection, transformation,
storage, modelling and querying. The aim of this technology is to produce information and knowledge to enable

decision-making.

The accounting system allows:

- Preparation of general accounting, which is the compulsory accounting, and which is outward-looking (clients,

banks, partners, suppliers);

- Digital Cloud File, allows secure storage of documents and access to them anywhere;
- Access anywhere via smartphones and tablets;

- Data analysis, with tracking and graphing tools;

- Individual customer profiles with all their accounting data and analysis;

- Several languages in the program for international reach.
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an example of what will happen in each phase of the architecture after
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For this example, | used a Gas invoice from July 2, 2020, with the billing period from June 1, 2020 to July 1, 2020.

In this invoice there are categorical elements such as: quantity, price, value, discount, total and value added tax
(VAT). The elements to be categorized are: Gas (consumption)- energy term (real), fixed term (tier 1), fixed term
access to networks; Others- discounts buddy plan; Rates and Taxes- Special GN Consumption Tax (real), Subsoil
Occupancy Tax (real), VAT (23% (c), 6% (b)); total gas bill.

Stage 1: Document

I GAS Fatura: FAC X0000(XX00000000KK Data: 01 jul 2020 Perfodo de Faturagao: 01 jun 2020 a 01 jul 2020

Descrigdo Quantidade X Prego = Valor - Desconto* = Total ** IVA

QO Gas (Consumo)

Termo de Energia (Real) 279 kWh 0,058038 € 16,19 € -1,29€ 14,90€ 23% (c)
01juna01jul
Descanto {16,19 € x 2,00%) + Desconto 1 Anc {16,19 € x 6,00%)
Termo Fixo {Escaldo 1) 31 dias 0,058177 € 1,80 € -0,15€ 1,65€ 23% (c}
07 jun a 01 jul
Descanto {1,80 € x 2,00%) + Desconta 1 Ano {1,80 € x 6,00%)
Termo Fixo Acesso as Redes 31 dias 0,014700 € 0,46 € -0,04€ 0,42€ 6% (b}
01 junaol jul

Descanto (0,46 € x 2,00%) + Desconta 1 Ano (0,46 € x 6,00%)

TOTAL Gas (Consumo) 16,97 €
O Outros
o Desconto Plano Amigo 2 amigols) -4,00 € -4,00€ 23% (c}
3 01jun a0l jul
g TOTAL Outros -4,00€
§ @ Taxas e Impostos
Imposto Especial Consumo GN (Real} 279 kWh 0,0058932 € 1,64 € 1,64€ 23% (c)
01juna01jul
Taxa Ocupacdo Subsolo (Real) 1,50 € 1,50€ 23% (c}
01 jun a 01 jul
Municipio de Lamego
IVA
01 jun a 01 Jul
(c) IVA 23% 15,69 € 361€ 361€
(b} IVA 6% 0,42¢€ 0,03€ 0,03€
TOTAL Taxas e Impostos 6,78 €
TOTAL DA FATURA DE GAS 19,75 €

g
H
g
8
]
H
F
4

N1PI - Processado por programa certificado n.° 2516

Pegada ecoldgica CO2: 51,34 kg
{*) O valor indicado inclui a parcela relativa ao acesso as redes que, excluindo IVA , ascende a 8,81€ (valor independente do comercializador
de gés)

0Os kWh faturados resultam do produto dos m3 medidos pelo Fator Multiplicativo (=Fator de Corregdo de Volume (FCV) x Poder Calorifico
Superior (PCS}), com excegéo da aplicagio de consumo padrao em kWh conforme normativa legal. Mais informagéo sobre os fatores de
conversio em www.endesa.pt/lares/fags

0 caleulo do consumo de gas em kWh:
Consumo 25 (m?) x PCS (11,711039) X FCV (0,954569) - 279kWh

I Movimentos de Conta

Descrigdo Nimero Data de Emissao Total
Saldo Anterior 0,00€
Faturagéo de Ciclo FAC 300000000 A00G0000K 04 jul 2020 19,75 €

SALDO ATUAL 19,75 €

Figure 6.Gas invoice from July 2, 2020



Stage 2 - Text Mining Result

ENERGY TERM
(REAL)

FIXED TERM
(STEP 1)

FIXED TERM
ACCESS TO
NETWORKS

FRIEND PLAN
DISCOUNT

EXCISE DUTY
GN (REAL)

SUBSOIL
OCCUPANCY
RATE
(ACTUAL)

VAT 23%

VAT 6%

Quantity

279 kWh

31 days

31 days

2 friends

279 kWh

15.69€

0.42€

Price

0.058038€

0.058177€

0.014700€

0.0058932€

Value Discount

(quantity -1.29€
*price)

16.19€

1.80€ -0.15€

0.46€ -0.04€

TOTAL GAS

-4.00€

TOTAL

1.64€

1.50€

(15.69*0.23)
3.61€

(0.42*0.06)
0.03€

TOTAL TAXES
AND FEES

Table 2.Gas Invoice

Total

(value-
discount)

14.90€

1.65€

0.42€

16.97€

-4.00€

-4.00€

1.64€

1.50€

3.61€

0.03€

6.78€

35

VAT

23%

23%

6%

23%

23%

23%
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Stage 3 - After application of the rules

C#22 19.75€ (total)
D 62423 13.14€
D 2432 (23%) 3.02€
D 6813 2.55€
D 2432 (23%) 0.59€
D 62423 0.42€
D 2432 (6%) 0.03€

Table 3.Invoice Accounting

Account description:

C- Credit
D- Debit
Account 62423- Fuels, natural gas.

Account 2432 (23%)- (VAT 23%, Normal rate), Deductible VAT is a tax that can be reclaimed by taxable persons
(businesses or self-employed people in the VAT regime) (IVA dedutivel: Tudo o que precisa de saber sobre este
imposto, 2020).

Account 6813- taxes.
Account 2432 (6%)- (VAT 6%, reduced rate), Deductible VAT.

Account 22- supplier's account. Account 22 is debited and account 12 is credited.

4.4, Evaluation

According to the Scientific Design Research (DSR) methodology, we proceed to the Validation phase, where the
architecture and its features are validated. In this phase three quality assessment questions will be executed, as
stated in the sixth guideline of Hevner et al. (2004), where the artefacts, which adhere to this methodology,
were presented to three IA specialists who answered quality and utility assessment questions. For the
presentation of the quality assessment questions, a presentation in PowerPoint (Annex 1) format was prepared
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where the following points were mentioned: objective of the thesis, problem statement, motivation of the
project, the required elements for the architecture of the intelligent accounting system, structure of the
architecture and explanation and, finally, detailed explanation of each phase of the architecture.

Four people were selected within the accounting area who daily work with accounting processes and face the
adversities of this area.

4.4.1. Interviews description

Presentation of the interviewees, education and current professional situation and presentation of the
guestions that were performed in the presentation and PowerPoint (Annex 1).

. Ana Rita Almeida: A graduate in Accounting and Finance who has worked in various companies in the
accounting field, such as Azulconta Gabinete de Contabilidade, Lda; Fernando Borges Sousa & Filhos, Lda and
currently the Grupo Luisa Todi, accounting for several companies.

. Beatriz Gongalves: A graduate in Accounting and Administration in the area of Taxation, and almost a
master's degree in Accounting and Management of Financial Institutions. Performs accounting at MTConsulting.

. Joana Silva: Degree in Finance, Master in Accounting and Management of Financial Institutions and
Master student in Management Control and Performance Evaluation. Currently she is the tutor of the final year
students of ISCAL.

Each interview was followed by the artifacts’ presentation (Annex ...) and included tree questions:

. Question 1 (Q1): Do you consider the proposed architecture as useful and why? If not, why do you

believe it is not?

. Question 2 (Q2): Do you have any criticism towards the proposed framework? Please explain.

. Question 3 (Q3): Do you have any recommendation or suggestions for further improvements pf the

proposed framework?

4.4.2. Discussion

The interviews for the evaluation and validation of the architecture proposal of an intelligent accounting system
allowed a discussion about its utility, possible criticisms to the structure of the system, technologies involved in
the system, its functioning, among other important factors and, the interviews also permitted to perceive if
there are recommendations that improve the architecture.
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. Question 1 (Q1): Do you consider the proposed architecture as useful and why? If not, why do you
believe it is not?

The interviewees agree with the proposal presented and say that it is a "little" different from what is available
on the market. A "little", because there is already software that carries out some of the stages mentioned, such
as the Primavera Accountant Automation (PAA) software, but the architecture presented is more complex than
this existing software. The PAA software performs function 3 regarding the automatic launches according to the
template that is chosen and then you have to confirm the launch. It also presents a digital archive but not as
complex as the proposal mentions.

In general, they consider the proposal very good and useful for the current labor market, as it allows a more
efficient accounting than the manual one, because the colossal number of documents that an accountant has
toregister, validate and reconcile every month, are hours and hours dedicated to a task that doesn't bring added
value. These operations are repetitive, routine and very subject to human error. With this architecture, the
execution of processes will be faster and there will be no margin for error and professionals will have more time
to dedicate to more creative and strategic actions, such as the analysis and interpretation of information.

° Question 2 (Q2): Do you have any criticism towards the proposed framework? Please explain.

Two of the interviewees consider that they have no criticism regarding the structure of the architecture, as it is
well designed, well-structured and all phases have meaning and sequence. However, they refer that, taking into
account the present time, the processes are becoming more and more automated, which in a few years is
expected to reduce the number of employees and with the implementation of the architecture they believe that
there may be an abrupt reduction in the number of accountants, since the system will be able to control
everything and only one accountant would be necessary, for example, to confirm and validate the operations.
They mention that as businesswomen this would be ideal, but as employees the feeling would not be the same.
Therefore, in terms of criticism, the general criticism is that it reduces employability.

The third interviewee considered the proposal to be very successful and stated that the automatic integration
of data is the key to the great revolution that the service provision sector is currently undergoing. She also states
that, the architecture allows transforming the daily routine of an accountant, increasing the efficiency of the
processes, increasing the operationalization and accuracy of the data and through the system it will be possible
to manage a greater number of clients, with much less effort.

. Question 3 (Q3): Do you have any recommendation or suggestions for further improvements pf the
proposed framework?

The interviewees do not present recommendations and adjustments to be made, as they consider the
architecture proposal to be well structured and well explained when compared to the PAA software. They also
consider that the architecture of the intelligent accounting system has all the necessary phases for the
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preparation of accounting records and that once it is implemented and explained to all entities that want to
implement it, it will be easy to understand and apply.

The interviewees congratulate for the excellent work presented.

According to the interviewees' answers, the architecture meets the requirements and is an asset for the current
market. The system is well structured and presents more complex phases than existing software, allowing for
greater efficiency in the fulfilment of accounting processes and greater speed without margin for error.

As for the second question, two interviewees mentioned that if this architecture is implemented, there will be
a decrease in the number of accountants due to the complexity of the system. However, the focus on the
decision and strategy phase will be greater, since accountants have more time for data analysis.
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5. CONCLUSION

5.1. Synthesis of the Developed Work

Accounting is a management tool with four functions, the recording function, the control function, the
evaluation function and the forecasting function. Its purpose is to provide meaningful data on company and
business assets. In this way, its addressees (managers and decision-makers) get to know the economic and
financial situation of the company, which allows them to analyze, create strategies and take management
decisions, trying to minimize management failures.

To facilitate the work of accountants, there are programs that perform accounting operations and analysis of
results (management analysis) already widely used by accountants and companies. However, manual and
exhaustive work remains so the existing software’s are not so complex.

To make the accounting processes less complex, more efficient and faster an investigation was made, in order
to elaborate an architecture of an intelligent system to support general/financial accounting. This architecture
was built not only to make processes more efficient, faster and more productive, but also to be able to make
good decisions, to drive better results and consequently increase the growth and success of the company, as
well as to help understand what strengths and weaknesses are present in the company.

To build this architecture of an intelligent accounting system, the Scientific Research in Design (DSR) was used
as the most suitable methodology, since it can be considered as an artefact. With this methodology, the end
result of this artefact will be to propose changes to the traditional architecture in order to make them more
intelligent.

The DSR methodology is used to act in two situations: in using all the acquired knowledge with the aim of solving
problems or improving existing solutions and in creating new knowledge and theoretical explanations and
insights as Horvath (2007) and Baskerville et al. (2015) refer to and are in harmony with.

The six steps of the DSR methodology (according to Peffers et al., (2007): (1) Problem Identification and
motivation; (2) Objective Definition; (3) Design and Development; (4) Demonstration; (5) Evaluation; and (6)
Communication) were fulfilled, which allowed the construction of the intelligent architecture that will support
the second generation accounting.

The first phase required a high level of understanding about Al and other technologies such as Robotic Process
Automation, Optical Character Recognition and Machine Learning.

In the second stage, all the literature review was completed, and all the information was analyzed so that all the
requirements were gathered to elaborate the intelligent architecture.

In the third phase of Design and Development, after all the requirements and all the research carried out, the
artefact was developed. The artefact corresponding to the architecture was composed of two systems: the first
corresponding to the Introduction and classification of documents that comprised the following technologies:
Cloud computing, OCR, Text Mining, Rule Based Classification, Optimization and adjustments and the second
one corresponding to the Business Intelligence system where the data analysis takes place (indicator evaluation
and data analysis over the years).
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In phase four, an architecture use case was built where three phases (stage 1- presentation of the example
invoice, stage 2- result of the text mining technology, stage 3- after application of the rules) were described after
loading the accounting document. A Gas invoice from July 2, 2020 that constitutes the following elements was
used: quantity, price, value, discount, total and VAT.

In the Evaluation phase, the results of the architecture were evaluated and interpreted from interviews with
real people who work in this sector of accounting and are knowledgeable about the subject. The interviewees
responded to three questions after a brief presentation about the architecture.

Finally, the research objective was achieved, and the research questions were partially answered. There was
only one question that was not well examined and investigated regarding anomaly detection through Artificial
Intelligence and identifying the source and what the solution was. This could have been better substantiated.

5.2. Research Limitations

The limitations of this thesis project are mainly due to time and scope, as this research was designed to complete
a master’s thesis that features deadlines and other strands.

The main limitation of this project was that the system was not built, only an architecture was performed. The
fact that there is no system, it is not possible to have the full experience of this intelligent accounting system.
The architecture is merely a demonstration of how the real system might work, meaning that it explains the
various aspects and functions of a system. A system design was also not prepared, simply the structure that
comprises the phases and technologies that are part of the system.

A literature review was done on Artificial Intelligence and other technologies that require high knowledge and
understanding to build a true accounting system and certain technologies were mentioned in each phase of the
architecture and were explained, however can be explained in a more specific way if there was more time to do
the research. Each phase and technologies that composes the Artificial Intelligence will be specified, the
structure of the system will be more complex with formulation of subdivisions so that there is a higher
understanding of the process and greater detail.

In the conclusion it is stated that it was not investigated in a deeper way the theme related to the detection of
anomalies, which their origins and solutions. The implementation of the system in the companies and the
training of the users were another essential issue to be discussed and investigated.

5.3. Future Work

As a future project for this system proposal to be more complex, detailed and with substance, each layer of the
architecture will be developed in a more complex way, more detailed and other studies will be developed
regarding each technology used. In the current project and investigation each phase consists of a different
technology whose explanation is present in the Architecture chapter, however in the future work a deeper
investigation will be done and will be put into practice, i.e., the system will be developed. The architecture will
transition to a real system with the different technologies in operation according to the structure presented
here.
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For the design of the intelligent accounting system | will need the assistance of computer production systems
engineers.

Other recommendations for future work are: to investigate and study further how the system will be
implemented in medium and large companies; will only an app be used to access the system or can users also
access the system from a website (the app is fundamental to access the software anywhere); how will the
graphics be designed, what will be the aesthetics to be used; what will be the cost of joining the programme
(will it have a monthly cost, only a registration cost, elaboration of different budget packages); to investigate
which languages to use for international reach and, how will the individual customer profiles with their data and
analysis of them be executed.

In conclusion, it will be crucial to explore all mentioned factors and future features of the program and turn the
proposed architecture into a real system with the support of computer engineers capable of producing a
complex accounting system.
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Intelligent architecture to support second
generation general accounting

Dissertation for obtaining the Master’s degree in
Statistics and information systems management

um Problem statement

i
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The manual work is quite immense which can lead to accounting errors. One
of the most common situations in the world ofﬂnanclal accounting is
the ion error or the of data.

(0 trabalho manual na contabilidade ¢ elevado, o que geralmente leva 3 erros contabilisticos. Como
o erro de calculo ou o esquecimento de dados.|

This leads to low levels of pr and of the
whole accounting process.

(Isto leva a baixos niveis de produtividade, eficiéncia e eficdcia de todo o processo contabilistico.)

Accounting is complex in that the income, assets, liabilities, income
statement, balance sheet and statement of cash flows are essential to
corporate decision-making. Good decision-making can lead to better results
and consequently increase the gromh and success of the company as well as

help to what are present in the
company.

{A contabilidade & complexa na medida em que os e ativos, passivas, 50 d
resultados, i

:mnr:samls uma hna mmada de de(lsﬂns nad! conduzi 2 mahores resukados e

Compréender que pontos fortes & (facos est3o presentes na empresa.]

Motivation

The motivation is to make accounting
work more efficient and reliable,
contributing to a greater and detailed
assessment of the performance of
companies and their activities.

(A motivagdo para a construgdo desta arquitetura de
um sistema inteligente de Contabilidade Financeira é
tornar o trabalho contabilistico mais eficiente e
fidvel, contribuindo para uma melhor avaliagio e
mais detalhada do desempenho das empresas e das
tividad ird ser fc

cliente.)

N N BN N N T

The research goal is to create an Intelligent
architecture to support second generation
general accounting. In order to achieve this
goal, the following objectives

O objetivo da investigagdo é criar uma
arquitetura inteligente para apoiar a
contabilidade geral de segunda geragdo. Para
atingir este objetivo, foram definidos os

o :

were defined:

Study the general accounting key areas
and concepts

Study the Artificial Intelligence and
process automation main techniques

Build an Intelligent architecture to
support second generation general
accounting

Validate the model

Estudar as éreas e conceitos-chave da
contabilidade geral

Estudar a Inteligéncia Artificial e as
principais técnicas de automatizagio de
processos

Construir uma arquitetura inteligente para
apoiar a contabilidade geral de segunda
geragdo

Validar o modelo

entire accounting process, thus reducing paper consumption. Many

o Many accountants already use innovative digital tools that optimize the

wonders whether accountants will be replaced by robots, but quite the
contrary, various technologies such as artificial intelligence will empower
them by reducing manual data entry, will speed up processes and will

improve the quality of data and final

(Muit ilistas j4 utilizam

Its (Chandi, N., 2018);

digitais inovadk

otimizam todo o processo

reduzindo assim
serdo substi

de papel. Muitos 831
bés, mas muito pela contrario, varias tecnologias, tais como a

inteligéncia artificial, capaciti-los-3o reduzindo a introdus3o manual de dados, acelerario os
processos e melhorardo a qualidade dos dados e os resultados finais (Chandi, N., 2018)).

Accounting software alre

dy exists,
manually, which can lead to errors su
forgetfulness or other incident, entry.

most data [s still entered
lues due to
5, double entry of

values, error in tax calculation (as already mentioned in point 1).

(14 existem programas de contabilidade, no emamo, a malcna dos dados ainda s3o introduzidos

manualmente, o que pode levar a erros tais

outro ncidente, introducho de valores errados, dupla mtradudo de vilor!sA erro no cilculo de
1).

impostos (como 4 foi referido no ponto

Elements required for architecture

For this architecture it is necessary:

1. Perform automatic recognition of accounting documents;

(Realizar o i dtico dos d

2. Use Machine Learning for massive data analysis and identification of patterns through algorithms;

(utiizar para

3. Identify a specific document and extract all the information to the accounting system;

4. Categorize the information, L., distribute the data into their different groups within the system;

(Categorizar a informagao, ou seja, distribuir 05 dados pelos seus diferentes grupos dentro do sistema)

5. Detect anomalies in the various accounting operations through Artificial Intelligence and from there

understand their origin and identify the main problems and solutions.

(Detetar i isti vés da Inteligéncia partic dai sua origem &

\dentificar os principais problemas e solugdes)
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Architecture

‘Stage 2- Text Mining

Data evolution of the

Calcutation of indicators
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stailed

|

5. Chaugule, &, 8 Pat,
».2014).

Automatic dassfication refers to 3 process of managing thatis o

the cloud, which ensures greater securty and slows access to the documents anywhere, anytime. This technoiogy allows

P o

I stage 4, Accounting Records, the human will have 10 vlidate what has been done in the previous phases, f what has been

spstem, alater Returning to
phase s, . Osta Anysi.
deaning, nspection,transformation,storage, modell

and queryine.
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Detailed explanation of architecture

Text Mining, adjustrments and the

Aeccountng documents are stored i the doud 3t the stat of the process and during the process. Storieg them ensures
v t any tene. i this way, nd

become mare effcient.

OCR converts scanned images, POF fles and photographs ieto readable and edtable text (Boyanov, 3.2018)
for example, o

5 expense accounts. One of the steps in the digital transformation of accounting processes willbe o bt the
constant use of paper documents theough OCR (Boyanov, 8.2018), The procedure of optical characte recogrs
consists o three phrases:pre processing Lext detection, et recopniton.

ard e g
tool performs t pre processing, checking the character set and s format. Then, the document goes thrcugh a text

Interview Questions

N Do you consider the proposed architecture as useful and why? If
not, why do you believe it is not?

(Considera que 2 arquitetura proposta é itil e porqué? Se n3o, por que razio acredita
que nio é?)

Do you have any criticism towards the proposed framework? Please
explain.
(Tem alguma critica em relagdo a arquitetura proposta? Explique, por favor.)

Do you have any recommendation or suggestions for further
i of the

(Tem alguma recomendagdo ou sugestdo para melhorar ainda mais a arquitetura
proposta?)

Thank you | Obrigada!

Campus de Campolide, 1070-312 L
g: +351 213 828 610

€0 v W x= @
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ANNEX 2- INTERVIEWS TRANSCRIPTION
First interview with Ana Rita Almeida:

Ql: “Yes, the proposed Architecture is very useful, because the colossal number of documents that an
Accountant has to register, validate and reconcile every month, are hours and hours dedicated to a task that
does not bring any added value. These operations are repetitive, routine and subject to human error.
Putting "systems" in place to perform these operations seems somewhat self-evident these days. The execution
is immeasurably faster, there is no margin for error and professionals have more time to effectively dedicate to
more creative and strategic actions, related to the analysis and interpretation of information.”

Q2: “The proposed Architecture is very well done; the automatic integration of data is the key to the great
revolution that the accounting services sector is currently undergoing. It is the one that allows transforming the
daily routine of an accountant, bringing more efficiency to the processes, speed of operationalization and
accuracy to the data. It is through it that it is possible to manage many more clients, with much less effort.”

Q3: “As | mentioned in the previous question, the proposed Architecture was very well done, as | have no
recommendations/suggestions. Simply congratulate for the excellent work presented. “

Second Interview with Beatriz Gongalves:

Q1: “No doubt the proposal you presented is very good and a little different from what is available in the market.
| say "a little" because there are already tools that do some of the phases you described, like, for example, the
Primavera Accountant Automation (PAA), in the Primavera Software that already makes automatic launches
(your phase 3) depending on the template that is chosen, and it is only necessary to confirm the launch (your
phase 4). Within PAA there is also the so called "Digital Archive" that allows you to put the invoices in a cloud
(more or less your phase 1), however | believe that it is not in such a complex way as you explain. Your proposal
is very good and useful in the labour market because it allows the speed and efficiency of the accounting process
because, those who are in the area, know that it is not always easy to launch invoices one by one either in paper
format or in digital format; it also allows the reduction of human error (as you explained) because there will be
no error with regard to values or duplication of documents launched and reduces the probability of error in the
placement of the account to which that expense/income, supplier/customer relates.”

Q2: “In terms of criticism of the architecture itself, despite the complexity of your architecture, | have none
because | think everything is very well structured and all phases have sense and sequence, however, in terms of
real life application of this architecture, | consider my opinion very similar to the general opinion: the more
automatic the accounting the less accountants there will be. Explanation: Suppose | have a company with 100
clients under which | do the accounting; if | have 4 employees and each one of us has a portfolio of 20 clients,
we (who don't have your architecture proposal) will take about 4 hours (just an example) in each client; however,
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if | have your program, | might take half the time, I'm faster and consequently more productive and effective.
But for this | won't need 4 collaborators and maybe I'll only need 2. As a businesswoman that would be ideal,
but as a salaried employee the feeling would not be the same. So, in terms of criticism, my general criticism is
that it reduces employability. Then, it's a very automated programme, which doesn't allow older people to
access and understand it so easily. However, if we talk about future generations it will be much easier and

IM

usefu

Q3: “l have no recommendations or suggestions regarding the architecture itself because, as | said, | see that
everything is very well structured, and all the phases make sense and have a sequence.”

Third Interview with Joana Silva:

Q1: “The proposal presented is a little different from what exists in the market, taking for example the Primavera
software, which in some stages ends up being similar, but in others is not as complex as the model you
presented. It should be noted that nowadays we increasingly want information available at the moment and, as
such, your model allows for this speed of information and when applied correctly, it also allows for much more
efficient accounting than manual or existing accounting to date. Implicit in the mechanization of the process is
the reduction of possible human errors, since the duplication of values (for example) no longer occurs, which
simplifies the whole process, since there is no need to make corrections afterwards, either in amounts or in
posting accounts.”

Q2: “Nowadays, processes are becoming more and more mechanized, which in a few years' time will mean a
large reduction in the number of employees. For example, with the implementation of your project | believe
that it would lead to an abrupt reduction in the number of accountants, since there would be a system capable
of controlling everything and only one person (for example) would be needed to confirm and validate such
operations. Thus, my criticism, which | don't even know if | should call it that, would be the unexpected and
significant reduction in the number of accountants.”

Q3: “Taking into account the structure/architecture presented and well-grounded in all stages, | do not feel that
there are any major recommendations to make, because | feel that once it is implemented and explained to all
entities that want to implement it, that it is easy to understand and applicability.”






