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Summary 

Since 2000 there has been a significant development in the number of applications 
based on XML and Data Warehouses. As these types of applications need to interact 
with different technologies and other applications, interoperability is an important 
factor. In parallel, in the same period there has been an evolution of the economic 
data needed by companies and financial institutions, increasing the number of entities 
that need more information, but also requiring this information to be reliable and on 
time. That economic or financial information is reliable does not refer to encoding or 
transmission errors, since there were already enough reliable procedures for this in 
2000, but that these reports have to be semantically correct. It is in this decade that 
the need for economists and accountants to obtain their reports with semantic content 
has been observed. For this reason some specifications for the transmission of 
economic information have arisen, such as the eXtensible Business Reporting 
Language (XBRL) and the Statistical Data and Metadata eXchange (SDMX). The 
reports of both specifications have semantic content and are dedicated to sending 
and processing financial and / or statistical information. However, both specifications 
were created by expert economists or statisticians, and their only purpose was to 
solve their problems without formalizing their definitions and conceptual rules, 
because there is a Conceptual Model and the Logical Model created is very close to 
the Physical Model, that is to say, to its implementation. 
 
The aim of this thesis is to formalize the specification of economic financial reports 
using the XBRL specification, analysing and auditing that specification. In addition, 
the design of these reports is studied in depth by making use of the methodology of 
the Model Driven Architecture (MDA), with the ultimate goal of analysing its 
interoperability. Finally, some proofs of concept are shown, with different validations 
that are the proposal of the thesis. 
 
The thesis begins by analysing the necessity of this specification (XBRL), its historical 
origin, and the general state of the art that has led to the use of it as a de facto 
standard. In addition, this research work studies its evolution and utilization, both 
historically, as it is today, and its expected future. 
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Once the state of the art of economic financial semantic reports has been analysed, 
the next step is to analyse the XBRL specification. After giving an overview of the 
XBRL language or specification, the thesis begins to detail it and finally shows the set 
of meta-metadata used in XBRL, using UML. 
 
This thesis proposes designing both the metadata of the reports and the reports 
themselves. This research work also proposes to study the different implementations 
of these reports and their design in totality. MDA provides a good consolidated 
framework for automatic code generation in the life cycle of software development, in 
addition to solving the problems of heterogeneity and interoperability between 
systems with different platforms. 
 
One of the main challenges of this research is the formalization of the specification in 
the conceptual model. Different types of design are also discussed, including those 
already making intensive use of dimensions (European design) and making less use 
of dimensions (mainly US and Canadian design). This work is mainly based on the 
reports of the European Supervision - Regulation, thus making intensive use of 
dimensions. This is due to the fact that the author of this thesis belongs to various 
groups that deal with harmonised European supervision reports and is a civil servant 
of the Bank of Spain, and this institution is part of the European System of Central 
Banks (ESCB), and this in turn through the European Central Bank (ECB) and the 
European National Central Banks (NCBs) participates in the Eurosystem (monetary 
Authority in the Eurozone (Eurosystems)). Therefore the conceptual model proposed 
in this research is the Multidimensional Data Model (MDM). The proposal is based on 
reports defined for the European Supervision/Regulation. These reports are the data 
requested of financial institutions or supervised companies, being the Universe of the 
Discourse (UD), also called the Computation Independent Model (CIM), using the 
methodology of the MDA. 
 
Once the definitions are fulfilled the next step is analysing the processes of validation 
of this proposal, showing algorithms for the MDM and the process of generating 
assertions, or formulas in the XBRL Data Model (XBRLDM) data. In addition, its 
implementation is displayed in the logical and physical models. 
 
The entire proposal is supported by different Proofs of Concept (POCs) submitted in 
specialized forums of the European financial and economic supervision. These tests 
are based on three European taxonomies: Financial Report 2008 (FINREP), 2012 
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and Solvency II (Eurofiling 2015). FINREP taxonomy is sponsored by the European 
Banking Authority (EBA). Solvency II codifies and harmonizes the regulation of 
insurance in the European Union (EU) and is sponsored by the European Insurance 
and Occupational Pensions Authority (EIOPA). In these POCs all the proposals of this 
thesis are shown and analysed. In addition, tables show the different tests that show 
the validation of this proposal at the various levels of the MDA methodology. 
 
In addition, the interoperability of economic financial reports, and their need for 
mapping XBRL, spreadsheets, Access, Database Management System (DBMS), 
XML and others are analysed. 
 
Finally, research work that has to be done in the immediate future as a result of this 
thesis is proposed. 
 
 





  

 

 
 
 

CHAPTER 1 
 

Introduction 
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CHAPTER 1. Introduction 

1.1. Motivation 

Semantic economic and financial reports were born due to the need for regulators 
and supervisors of information from companies and financial institutions for a reliable, 
real-time and easily treatable format for other applications. These reports were 
designed by economists, accountants, or financial experts, according to their needs, 
and computer engineers took care to solve their strict requirements. 
 
From these needs arose what would become the XBRL specification (Hamscher and 
Kannon 2000; Engel et al 2008), which has become a de facto standard. When it was 
concluded that this specification did not meet all the needs of expert users’ 
calculations, the specification was extended (Hernández and Wallis 2006; Engel et 
al., 2006). As other needs of Supervisors or Regulators were addressed, the 
specification continued to grow. At present, it is actively used by the Board of 
Governors of the Federal Reserve System (FED), the Securities and Exchange 
Commission (SEC), the ShenZhen Stock Exchange (SZSE), the Shanghai Stock 
Exchange (SSE) (JiMei et al., 2012; Jimei et al., 2013), the European Central Bank 
(ECB), the European Banking Authority (EBA), the European Insurance and 
Occupational Pensions Authority (EIOPA), the Deutsche Börse, the Deutsche 
Bundesbank, Companies House and HM Revenue & Customs (UK) and the 
Australian Prudential Regulation Authority (APRA), among many other institutions 
and agencies. In the USA, Canada, Europe, China, etc. all financial entities and 
companies quoted on the stock market have to report compulsorily to the supervisory 
and regulatory authority using the XBRL specification. Financial statements are 
governed by strict requirements, such as the International Financial Reporting 
Standard (IFRS, 2015) or Generally Accepted Accounting Principles (GAAP). XBRL 
is used instead of XML, because the reports have specific semantics managed by 
IFRS and/or the GAAP, and these reports can be very large. 
 
All data from these reports are stored in a database manager (DBMS) and it is 
therefore important that the mapping is easy, optimal and automatic. However, it is 
equally important that the design of these reports is specified according to 
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standardised data design models. In this latter respect, the European Union through 
the Eurofiling (2015) project is making efforts that will be mentioned later in this paper.  
 
On the other hand, when the reports are very large (XBRL reports or XBRL instance 
documents), it is almost impossible to implement them using existing XML technology, 
especially for the validation of the documents. 
 
At present, the Information Technology (IT) departments of the supervisory/regulatory 
bodies have huge difficulties because taxonomies are created with a lot of concepts 
(Weller, 2015) and user rules or restrictions (validations) and many have design errors 
and no public test cases. This is due to the lack of a complete software development 
life cycle, a lack of interoperability (Santos and Castro 2010) and in turn the fact that 
supervisors and/or regulators are continually creating larger and more complex 
models. 
 
Although use of the specification is spreading, various problems do arise that restrain 
its universal use. It is a specification defined by economists and financiers, 
implemented in XML and is some respects complex, in scope of knowledge required 
and infrastructure. 
 
 

1.2. Aims 

Summing up the problems mentioned above: 
 

 These reports are designed almost exclusively by economists, accountants, 
or financial according to their needs. 

 The specification is extended according to expert user’s requirements for new 
elements. 

 The specification has become larger and more complicated. 

 The specification is currently very actively used. 

 Financial statements are governed by strict requirements. 

 XBRL is used instead of XML, since reports have specific semantics of the 
IFRS or the GAAP. 
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 These reports can be large, since taxonomies are created with many concepts 
and user rules or constraints. 

 When the reports are very large, this generates problems in implementation 
(especially in performance at run-time) using existing XML technology, 
especially in the validation of the documents. 

 Many reports present design errors. 

 No public test cases. 

 Lack of interoperability. 

 Supervisors and / or regulators are continually creating larger and more 
complex models. 

 Complexity of the specification in knowledge as well as in infrastructure. 

 
This thesis will attempt to solve the problems mentioned by means of analysis of the 
design of such independent platform reports, using the Model Driven Architecture 
(MDA, 2015) paradigm. The MDA stratifies the design into three phases or levels to 
allow for easier development. The levels of the MDA are: The Universe of the 
Discourse (UD), which is the set of accounting definitions, European directives, 
circulars, etc. that are analysed. This UD using the MDA paradigm is the CIM 
(Computation Independent Model). From the CIM we will advance to the PIM 
(Platform Independent Model). The PIM shall define all the concepts and rules of 
users in a sufficiently large and formal model for the transformation to the PSM 
(Platform Specific Model) in order to ensure that it is as accurate and correct as 
possible, given that this transformation is as automatic as is possible. Several 
independent platforms such as the DPM (Data Point Model) used by the IT 
departments of some regulatory and supervisory agencies, and the more universal 
SQL standard, will be analysed. Finally, the encoding rules are displayed, Code in the 
MDA paradigm. In addition, it is necessary to analyse various semantic issues that 
are important to keep in mind, because they can be intrinsic to the model or generate 
errors, inheriting these difficulties from PIM to PSM. This study will avoid errors in the 
business logic or in execution. In short, the application of this methodology ensures 
that the reports are well-constructed according to the structure and semantics 
previously defined, and therefore avoids making erroneous reports, ensuring the 
reliability, confidentiality and consistency of the report. 
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Furthermore, this study will analyse the interoperability of the models and even 
physical objects generated, so that from an XBRL taxonomy an implementation in 
MDM and in a RDBMS can be obtained, using the MDA paradigm. 
 
Moreover, it must show the development life cycle of the whole semantic metadata 
reports, as well as the reports themselves. 
 
In addition, all the research involved in this thesis will be accompanied by a set of 
conferences and magazine articles, both academic, as related to the domain expert 
users of XBRL reports. This thesis will be accompanied by a set of proofs of concept 
that must validate this approach. 
 
This research will seek to clarify and simplify the complex XBRL specification, created 
by expert economists and accountants. In turn, the research will put a target on the 
reduction of infrastructure and development costs for these semantic reports, 
troubleshoot performance, and extend the field so that it can be used, for example, in 
the calculation of a presale, sale, and availability of the products of a company. 
 
To accomplish these objectives, it is necessary to analyse the domain with expert 
users, and to use a paradigm wide enough for the development of life cycle software, 
such as the DMA paradigm, and to use sufficiently accurate models for the 
transformation to the MDM. The MDM must be defined with formal definitions, so that 
its processing, depending on the platform, can be as accurate as possible. 
 
In short, for the achievement of this work, the following partial objectives should be 
covered: 
 

 Create a software development life cycle for semantic economic / financial 
reporting, formalizing the concepts and user constraints or rules in the PIM, 
and the transformation rules at different levels of the MDA paradigm. All this 
makes use of the robustness provided by the multidimensional modelling 
technology. 

 When creating a software development life cycle is intended to solve the 
problems of new extensions and / or software modifications. 

 Automatic implementation in SQL, since the final destination of the data is a 
database, to allow its use by agencies and companies. 
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 Defining transformation rules to resolve many of the problems of 
interoperability presented to users of such reports. 

 As these reports are automatically downloaded into a database (RDBMS), 
they can easily be used by business intelligence tools, and overall data 
analysis. 

 Analyzing semantic issues or anomalies can resolve errors in design and build 
test suites. 

 
 

1.3. Document Structure 

After this brief description: 
 
Chapter 2 will address the state of the art of semantic economic financial accounting 
reports, what their evolution has been, as well as their current and future state. 
 
Chapter 3 will discuss the model of meta-metadata within the XBRL specification. 
 
Chapters 4 and 5 will discuss the proposal: 
 

- Chapter 4 will also analyse the specification by itself for the design of these 
reports, but without any treatment of the formulas specification. 

- Chapter 5 will focus on the design and the process of the automation of 
calculations on these reports. 

 
Chapter 6 will attempt to validate this proposal. 
 
Chapter 7 will show the conclusions and future work of this proposal. 
 
 





  

 

 
 
 

CHAPTER 2 
 

State of the Art 
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CHAPTER 2. State of the Art 

2.1. Introduction 

The XBRL specification allows the standardization of accounting and financial 
information broadcasted electronically. Up to the 2000s this type of information was 
done on paper or in electronic form, but without semantic content. If information was 
issued electronically, it was through messages of varying size. In general, these 
messages were economic transactions. The format of these messages could be 
tabular or separated by a delimiter, for example by a ";". Figure 2.1 shows an example 
of data from an ATM of a financial institution to a central computer of the bank (the 
example shown is a simplification, it is not real, it is only an approximation). 
 
 

Figure 2.1 Example of transmission of data of an ATM 

 
 
This example shows two transactions, in the first a customer withdraws €50 from his 
current account, the number of the current account is 0035829133, the K5 code 
means to withdraw money. After this code is the result of code operation 3 (which 
may mean transaction accepted). In this transaction the date and time of its beginning 
and end are indicated. In addition, there is a cashier code (K384567) and the entity 
indicated 0003582. The order of the second transaction indicates the obtaining of the 
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balance of the current account code K1 with a success code 3 indicating that the 
account has €237.3. 
 
In a company, organization or agency, there is always an exchange of accounting or 
economic reports. Since the late 1990s, this exchange of reports (which are defined 
as messages in Information Systems, or IS) has started to increase. Companies 
needed to know the status of their orders as soon as possible, and to perform a 
calculation of the presale, sale and future product availability (Lee et al., 1997; 
Wagenhofer, 2003). Until then, the exchange of messages was done via flat files, and 
with pre-Internet communication protocols. This information was a set of records, 
where each record or line consisted of a set of characters, separated by commas, 
semicolons or in columns. This set of transmitted data does not have any more 
semantics than the application itself that uses the message. The application will give 
itself for valid received messages, except syntax problems, such as a strange code 
appearing in the account code, which will prompt the message relay application to 
cancel it. 
 
In 1996 the protocol Electronic Data Interchange (EDI) was formulated. EDI implies a 
sequence of messages amongst computers. This protocol is very widely used in 
purchase orders, invoices, shipping notices, and so on. These messages simulate the 
exchange of documents on sheets of paper. 
 
Another protocol that is very widely used worldwide is SWIFT (Society for Worldwide 
Interbank Financial Telecommunication; http://www.swift.com). This company started 
working in 1973 with the sponsorship of 293 financial institutions. This platform initially 
used the X.25 protocol (Standard of the International Telecommunication Union, ITU, 
using in the Wide Area Network, WAN) and a messaging service called FIN (Financial 
message). FIN is based on ISO 20022 (2015) (Standard for Financial Services 
Messaging). This standard consists of a repository of metadata, where the messages 
are described, as well as the business processes and the maintenance of the 
repository. This standard is very widely used in agencies of financial services such as 
FIX Protocol Limited (Financial Information eXchange, FIX), and used among others 
for NASDAQ (National Association of Securities Dealers Automated Quotations) on 
the American Stock Exchange. Also, this protocol is used in ISDA (International 
Swaps and Derivatives Association), which is an organization of derivatives trading; 
this organization invoices billions of dollars on NASDAQ, in addition to SWIFT or VISA 
(Visa Inc.). Since 2003, SWIFT has used the protocols IPsec (Internet Protocol 
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Security) and Interfact (a protocol to exchange automated and interactive messages, 
synchronous or asynchronous). Consequently, with this new version, FIN works with 
applications-applications (A2A) and users-applications (U2A). 
 
Currently, it is possible to find short messages with little semantic information or long 
messages or reports that need more semantics (Hodge et al. 2004; Lin et al. 2005; 
Kernan 2009; Debreceny et al. 2010: Prasanna et al. 2012). A typical semantic report 
might be the authorization of a loan, in which certain guarantees are necessary, such 
as financial assets, guarantees, quoted securities and the authorization of the 
granting of the loan.  This is equivalent to a set of messages or reports related with 
business semantics. Examples of these include SEPA (Simple Euro Payment Area, 
2014), T2 (Target 2, 2013) or T2S (Target 2 Securities, 2014), used for payments and 
transfers, large payments and securities transactions respectively. 
 
According to Woodroof and Searcy (2001) a system of economic-accounting should 
have integrity, security, availability and maintainability. Moreover, it should have good 
business practices, integrity in the transactions, protection of the information and 
certainty in issuance of the report (AICPA / CICA, 1999). If these reports are not 
semantic, they cannot be directly automated in the internal or external processes of 
the company through IS (Wagenhofer 2003; Williams et al., 2006). 
 
Consequently, the sending and receiving of financial information is perfectly resolved. 
Furthermore, this information can be generated, received and processed directly by 
the applications involved. 
 
However, from the early 2000’s, economists found they did not have enough with the 
technology developed for the transmission of economic messages, they needed 
semantics in these reports. In addition, when reports are too large, they often have a 
strong semantic content, and by the 2000s no solution for this had been created by 
Information Systems (IS). For example Figure 2.2 shows a report with the settlement 
accounts of a local authority to the tax agency (Inteco 2009). 
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The eXtensible Business Reporting Language (XBRL), an XML-based standard, is a 
specification used to exchange financial/economic information. The world’s main 
economic/financial institutions and agencies, as well as many companies and state 
or local agencies, actively use this specification. The use of this specification is 
increasingly important. In the USA, Canada, Europe, China, etc. all financial entities 
and companies quoted on the stock market have to report compulsorily to the 
supervisory and regulatory authority using the XBRL specification. XBRL is actively 
used by the Board of Governors of the Federal Reserve System (FED), the Securities 
and Exchange Commission (SEC), the ShenZhen Stock Exchange (SZSE), the 
Shanghai Stock Exchange (SSE) (JiMei et al., 2012; Jimei et al., 2013), the European 
Central Bank (ECB), the European Banking Authority (EBA, 2014), the European 
Insurance and Occupational Pensions Authority (EIOPA, 2014), the Deutsche Börse, 
the Deutsche Bundesbank, Companies House and HM Revenue & Customs (UK) and 
the Australian Prudential Regulation Authority (APRA), among many other institutions 
and agencies. 
 
Financial statements are governed by strict requirements, such as the International 
Financial Reporting Standard (IFRS 2015) or in Spain, the General Chart of Accounts 
Plan (Spanish Official Gazette, 2007). Thus, financial statements of credit institutions, 
for example, are specific statements defined by one or more taxonomies, including 
their structures and semantics. As these financial statements vary with time by decree 
(national level) or circular (Bank of Spain) or directives (European Union), involve 
problems of versioning and localization. The various laws or policies change over time 
and therefore reports must adapt to these new regulations, and therefore must 
maintain a versioned. The location means that depending on where or who order this 
report, the accounting rules vary, so for example the countries of European Monetary 
Union (EMU), or a country. Then the design problems of these taxonomies (set of 
concepts and rules) rise significantly when they are designed together. For just give 
an example, while the accounting requirements of capital flows, until very recently 
were based on Basel II (2004) as a result of the current financial crisis, these 
regulations have been modified in Basel III (2010) (The Larosière Group (2009)). 
Besides, the large amount of requirements and data imply a high cost in resources 
from IS in many companies, financial and economic institutions. 
 
Following the bankruptcy of Enron Corporation in December 2001, the stock market 
regulators begin to demand more information on the reports sent to the supervisor in 
the US (Securities and Exchange Commission, SEC 2015). But in turn, they wanted 
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to reduce the processing time of these reports. The SEC has a system called EDGAR 
(Electronic Data Gathering, Analysis and Retrieval System, 
http://www.sec.gov/edgar.shtml) to obtain information in electronic format and 
recovery analysis, though these files collected, which were financial statements, were 
in any format, PDF, or scanned. At presents, EDGAR collects reports in XBRL. 
Therefore, it is required that this information is free of errors, secure in its delivery and 
easy to process. In addition, companies and financial institutions are increasingly in 
need of exchanging economic / financial information. While this exchange of 
information was done in paper, fax or email, the process of incorporation into a 
database was slow and therefore the analysis was slower. Already in 2000 there were 
enough IT solutions for the transmission of information, but to date, none was 
appropriate, from an economic and accounting perspective, because this information 
has not contain semantic content, which was what was required. 
 
In April 1998, the accountant and auditor, Charles Hoffman, proposed the automation 
of the exchange of financial information, developing a prototype for accounting and 
auditing, known as the base of XBRL (Hamscher and Kannon, 2000). XBRL is an 
XML-based standard for semantic financial reporting (Engel et al., 2008). The reports 
XML or XBRL instance documents are generated from several sources and validated 
at source, ensuring its syntactical validation. In Figure 2.3, the report is filled in by the 
user, before being sent, it is validated and if the validation is successful, the report is 
sent for processing in destination. 
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Figure 2.3 Tour of a financial report  

 
 
As the XBRL specification represents financial information, which is multidimensional, 
the logical location for storage is a Data Warehouse (DW) (Golfarelli et al., 2001) 
(Boixo and Flores, 2005). Given the requirements of financial institutions, Regulators 
and Supervisors, in general, this information must be semantically well-built, free of 
syntax errors (Debreceny et al. 2010; Zhu and Fu 2009; Gr ning et al. 2011; JiMei et 
al 2012; Jimei et al 2013 Nickerson et al. 2013). In addition, these reports must be 
prepared for immediate IS process and its subsequent storage in a DW. Adding 
further complexity to this task, the analysis of the information needed for a particular 
purpose or general business often requires additional information contrasted with the 
report received (Callaghan et al 2002; Di Giovanni, and Piazza, 2009; Loukis, and 
Charalabidis 2013).  Experts users, supervisors, regulators, companies generally 
need to analyse the information received from various sources; it is therefore 
important that the reports are interoperable (Bennett 2013). In this latter respect when 
working with different specifications or standards will be necessary to analyse the 
semantic negotiation between different processes (Buder et al. 2009). 
 
 

2.3. Current and future state 

The current use of this specification is widespread within the sector of the Supervision 
and the Regulation in almost all world. However, little by little they are adding other 
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sectors, although generally related to institutions and public agencies. This is due to 
the high cost of implementation, both in human resources, and software, as it requires 
experts in the specification and software. This thesis examines the development and 
implementation of semantic financial economic reports, for it will analyse the XBRL 
specification, formalizing their definitions, rules and constraints, studying their 
interoperability, in order to extend the use of the specification, lowering these costs, 
by making and widespread, because it is used a general and known technology. 
 
Another specification for semantic reports is the Statistical Data and Metadata 
eXchange (SDMX 2015). This is often used by the European Central Bank (ECB) and 
the Bank for International Settlements (BIS), among other agencies and institutions. 
This standard is mainly used for the exchange of statistical data and metadata among 
institutions and for the dissemination of statistical information.  It is a specification 
developed by international institutions, National Central Banks (NCBs) and National 
Statistical Institutes (NSIs), and not specifically adapted for other sectors. So, its 
semantic analysis is out of scope of this thesis. 
 
Computer engineers of European banking supervision saw the need for a design 
model for European taxonomies. Since 2010, BR-AG and the Bank of Spain, using 
reverse engineering started using the Data Point Model (DPM) (Eurofiling 2015). This 
model started using to the taxonomies of Balance Sheet Items and Interest Rates 
Monetary Financial Institutions (BSI-MIR 2010; Bank of Spain 2010) and they were 
implemented by the Polish financial software company, BR-AG. After, with this model 
was developed COREP (it focuses on the consolidated, sub-consolidated and solo 
reporting of capital requirements and capital and reserves based on EU directives) 
and FINREP (consolidated and sub-consolidated financial reporting for supervisory 
purposes based on IAS (International Accounting Standards)/IFRS) taxonomies 
(Eurofiling 2012). When this taxonomy is obtained, this was mapped to an Excel 
spreadsheet, but in DPM format and then was analysed by business users (the 
Regulators) to validate the taxonomy. Two years later a generator of Excel templates, 
called Data Point Modeller (ExGen 2012), from the XBRL taxonomies was developed. 
Then, using the same methodology, the DPM was developed two taxonomies for 
respectively Cayman Islands Monetary Authority and Bermuda Monetary Authority. 
 
In 2013 the Comité Européen de Normalisation/European Committee for 
Standardization (CEN 2014) has been working on the standardization of design data 
model reports financial accounting in Europe. In the CEN was created a group that 
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has prepared a series of CEN Workshop Agreements (CWA 2014) which promulgated 
deliverables for a base of standardization in Europe. This group is divided into three 
subgroups: Standard CWA1 harmonization topics, CWA2 Metadata container and 
compliance tools and CWA3 Standard Regulatory roll-out package for adoption. The 
group CWA1 had as work to create the metadata model for the design of European 
economic financial reports. The CWA's first goal was to obtain a comprehensive 
dictionary of common concepts to all reports (reporting). The CWA1 group worked to 
create this set of concepts, definitions and types to reduce the budget in the 
construction of reports (reportings) to the Regulators in financial institutions and also 
increase the consistency and quality of the data (Debreceny et al. 2010). The author 
of this thesis has belonged to this group, especially in the subgroup CWA1, 
contributing to this subgroup with the work: the mapping of DPM model ROLAP (CWA 
2014; Santos et al 2013; Santos 2013). The goal of this methodology is to identify the 
data point (the fact) in the MDM (Díaz 2012). A tool for the development of DPM is 
the DPM Architect that is been developing by the Bank of Spain. This tool is developed 
for supervisors that they can develop taxonomies with DPM. Its aim is to build the 
XBRL taxonomies using only the XBRL specification and also provide a graphical tool 
for creating formulas (Santos and Castro 2011a, 2012a; Santos et al 2016; Morilla 
2008). Banca d'Italia has developed the predecessor of the DPM, the Matrix Schema 
(MS) (Romanelli 2007), which contributed to the initiative Eurofiling. MS is based on 
a spreadsheet where rows show dimensions and domain-members (dimension and 
calculated attributes in MDM) and columns show the primary items (base dimension, 
will be seen below). The intersections of rows and columns show the facts, after in 
the XBRL data model (XBRLDM) hypercubes are constructed. Also, in this logic 
model hierarchies are shown (added in the MDM), but not its rules. 
 
At the time of writing this thesis, the type of reports that use this specification have a 
so far unresolved problem which occurs when the reports are very large. The problem 
is that as the XBRL instance documents are actually XML documents, in order to be 
validated they need to be in memory and memory always has a limit. These limitations 
are caused by the SAX (Simple API for XML) and DOM (Document Object Model) 
technologies. This fact implies that in large institutions that are required to report to 
the Supervisor, if they do not constrain the size of the reports, they may not be 
treatable or cause the performance of the validating machine to fall exponentially. To 
overcome this problem we can try to divide the report in the stream so that the facts 
and context are required to be in sequential positions, so that it cannot release 
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memory. However this in-stream technology requires that the taxonomy designer 
group the facts. 
 
 

2.4. Design of semantic reports 

The need for inclusion of XBRL reports semantics has been widely analyzed by 
different authors. Callaghan et al. (Callaghan et al., 2002; Callaghan et al., 2006) 
show the first ideas about semantic reports in business, using UML and the XBRL 
specification. Sugumaran et al. (2002) present an evolution of Callaghan et al. and 
they show the vision of business for this type of report. Callaghan et al. (2006) depict 
the global idea of the business with an example. Nickerson et al. (2013) show the 
design for economic expert users; however, it is the basis of the design of taxonomies 
in general. Although, this thesis does not study the topic of ontologies, these are 
presented in Declerck and Krieger (2003), who analyse a translation schema for the 
base ontology of XBRL into OWL (Web Ontology Language) that was extended to 
German accounting principles. Silveira et al. (2007) present the business data and 
they classify these data. Lara et al. (2006) show the basis of an XBRL ontology using 
OWL. Spies (2010) presents project MUSING (MUlti-industry, semantic-based next 
generation business INtelliGence) and in it makes an extraction analysis of the 
ontology of XBRL, but it does not propose its automatic implementation. JiMei et al. 
(2012) describe the XBRL structure, and show the target of obtaining ontology of the 
XBRL data. In summary, in the financial world of institutions, agencies and 
multinationals, the semantic reports are very widely used. However, the software 
development life cycle of this type of report has not been analysed in a detailed way, 
until now. 
 
The design of these reports is extremely general and the designs of taxonomies (set 
of concepts and rules for semantic reports) can vary greatly. In Europe the design 
makes intensive use of dimensions (Boixo and Flores, 2005; Felden, 2007). This use 
of dimensions makes the design process easier, since if the number of dimensions in 
the conceptual model is high, it is semantically richer, and the mapping to a database 
is easier. In addition, it is possible to reduce the number of dimensions through views 
in the logical model (the PSM) according to implementation criteria. At present, these 
reports use the XBRL specification, through taxonomies. This proposal will help to 
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design these taxonomies or semantic reports in XBRL or other technologies (XML, 
spreadsheets, databases, etc.), using the MDA paradigm. 
 
There are previous work on mapping the XBRLDM to the MDM published as Snijders 
(2005), Santos and Castro (2011c, 2012), Santos and Nieto (2014, 2015), Santos et 
al. (2013) and in Openfiling (2015). The present contribution further develops this 
mapping of MDM rules with a mathematical formalization (the PIM). Moreover, an 
alternative and potentially better-performing report (or XBRL instance document) 
validation strategy based on databases rather than XML tools is presented. Finally, a 
proof-of-concept (POC) verifying the new research, the mapping of XBRLDM to an 
RDBMS and vice versa, and originally presented (Santos and Castro, 2011b, 2011a) 
is also included in the current study. Additionally, the mapping presented may serve 
well not only in the implementation of the proposals, but also as an open-source tool 
for companies and financial institutions with more limited resources. 
 
 

2.5. Model Driven Architecture 

OMG’s Model Driven Architecture (MDA, 2015) provides an open approach to the 
challenge of business and technology change. Bases on OMG, the MDA separates 
business and application logic from the technology. Platform independent models of 
an application or integrated system is based on UML. The system development life 
cycle is the process where requirements are within a domain, systems that address 
the requirements may be considered solutions residing within an environment, and 
this involves understanding a problem, solving the problem, and implementing the 
solution. Every system development life cycle process involves the following types of 
life cycle activities (Si Alhir, 2015):  Requirements gathering activities, Analysis 
activities, Design activities, Implementation activities, Testing activities and 
Deployment activities. The MDA model is related to multiple standards, including the 
Unified Modeling Language (UML), the Meta-Object Facility (MOF), XML Metadata 
Interchange (XMI), Enterprise Distributed Object Computing (EDOC), the Software 
Process Engineering Metamodel (SPEM), and the Common Warehouse Metamodel 
(CWM). One of the main aims of the MDA is to separate design from architecture. 
The MDA is an open and vendor-neutral architectural framework, associated OMG 
standards within the systems development life cycle across various domains and 
technologies. The MDA broadly supports different types of application domains and 
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technology platforms. The MDA enables transforming or converting platform 
independent models (the PIM) to produce platform specific models (the PSM) using 
mappings. Within the system development life cycle process, the MDA applies the 
PIM and the PSM to sustain and leverage investments in requirements, technologies, 
and the life cycle that bridges the gap between them as they independently change. 
Such an approach generally leads to long-term flexibility of implementations, 
integration, maintenance, testing and simulation as well as portability, interoperability 
and reusability. There are some papers that try resolving the developing of XBRL 
reports using UML as Mendez-Nunez and Trivino (2010) and Callaghan et al. (2002 
and 2006). This thesis proposes the developing of the semantic reports using MDA. 
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CHAPTER 3. Model of meta-metadata of the 
specification 

3.1. Introduction 

In this chapter the XBRL specification is introduced and analysed in detail. It begins 
by analysing the meta-metamodel. 
 
A meta-metamodel is understood as the set of definitions and rules of a specification. 
As noted, XBRL is an XML-based specification, and therefore there will be many 
references to it, however, in this thesis, starting from the specification, a set of 
definitions and rules based on the MDM will be proposed. 
 
Taxonomy is a science that deals with the principles, methods and purposes of 
classification (Definition of the Royal Academy of the Spanish Language, 22nd edition). 
In the XBRL specification, a taxonomy is the set of documents where the concepts 
that will later be represented in financial economic reports (reports) are defined, along 
with how these concepts are related. Therefore this set of concepts is presented in a 
structured way using the data. Hence, XBRL enables the information modelling and 
semantic meaning commonly required in financial economic reports. It uses XML 
syntax and related technologies such as XML Schema, XLink, XPath and 
Namespaces to provide semantic meaning (Hernández-Ros, 2009). 
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Figure 3.1 Structure of the XBRL specification 

 
 
A report that uses this specification, as Figure 3.1 shows, consists of an XBRL 
instance (XML instance document), which is the report itself or report, also called 
XBRL instance document that consists of a set of XML Schemas or XBRL Schemas, 
called Discoverable Taxonomy Set (DTS), which specify the concepts, rules and 
constraints (Engel et al., 2008; Santos and Castro, 2011a, 2011c). Each XBRL 
Schema consists of a set of roles or linkbases in the XBRL Data Model (XBRLDM). 
These roles are shown in Figure 3.2 as a set of constructors of an XBRL instance 
document.  
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Figure 3.2 Structure of an XBRL Instance Document 

 
 
The roles are defined as: 
 

 Definition. It allows the establishment of relationships between concepts, and 
they are fixed by the business logic. 

 Label. This linkbase is used to give names to concepts defined in different 
languages. 

 Reference. It allows the inclusion of references to legal regulation, no text is 
included, only its reference. 

 Dimension. It allows valid combinations of dimensions. 

 Formula. It supports complex expressions based on XPath, which can be 
applied to instance documents to validate your information. 

 Presentation. It establishes hierarchical relationships between elements 
(concepts) defined in a schema. It is used as a guide for the presentation, 
because the concepts have a hierarchy. This hierarchy entails an order which 
is established by the business logic. 

 Rendering. Firstly, it is embedded in the HTML specification, and secondly, it 
is a Specified Transformations registry, so that a report would be more 
understandable, but without giving incorrect data. It isn’t in this moment a 
standard. 

Xbrli xbrl 
 

-link:schemaRef : xbrli:link:schemaRef 

-link:linkbaseRef : xbrli:link :linkbaseRef 

-link:roleRef : xbrli:link:roleRef 

-xbrli:choicexbrl: xbrli:cho cexbrl 

-Id : xml:ID 

 
 

0..* 1..* 

Xbrli choicexbrl 
 

-Item : xbrli:item 

-tuple : xbrli:tuple 

-context : xbrli:context 

-un t : xbrli:unit 

-footnoteLink : footnoteLink 

 

Xbrli link schem aRef 
 

-link:schemaRef : link:schemaRef 
 

Xbril link linkbaseRef 
 

-link :linkbaseRef :link:linkbaseRef 
 

Xbrli link roleRef 
 

-link:roleRef : link:roleRef 
 

Xbrli link arcroleRef 
 

-link:arcroleRef 
 

0..* 

0..* 

0..* 
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3.2. Models and XML objects 

An XML document is used to store information (Morrison, 1999). In the decade of the 
70s, it was intended to structure documents in an organized way to facilitate exchange 
and manipulation. Sponsored by IBM, the Generalized Markup Language (GML) was 
created. GML was used to produce books, reports and other documents. Also in 
collaboration with IBM the SGML (Standard Generalized Markup Language) standard 
was defined and adopted for information exchange (ISO-8879). One of the main uses 
of this standard was to format and keep IBM's legal documents. SGML is based on 
the marking-up and labelling of documents, but labels are not defined. The structure 
of a document is based on the DTD (Document Type Definition) (Rusty Harold, 2004). 
SGML is a metalanguage with a set of rules to define tags. An SGML document 
consists of three parts (Sperberg-McQueen and Burnard, 2002): the declaration of 
the SGML, the declaration of the document (DTD), and the instance itself. 
 
The declaration indicates the types of characters, delimiters and document 
characteristics. The DTD defines the structure of the document. It contains naming 
rules, content descriptions and item usage details. The DTD interprets a document 
and serves as validator. Finally, the instance is the report itself or document that the 
business user requires. 
 
An evolution of the SGML specification is the HyperText Markup Language (HTML) 
specification. In February 1998 the XML 1.0 specification (eXtensible Markup 
Language) formally appeared, as an evolution of HTML and supported by SGML. 
XML was defined as a system for defining, validating and sharing document formats 
on the Web. HTML focuses on the presentation of data and XML data models 
(w3schools, 2015). 
 
The DTD provides a grammar of an XML vocabulary and it determines the structure 
of XML documents. A DTD consists of elements, attributes, entities, and notations. 
The DTD may be embedded in the document or referenced in an external source. 
 
A document is validated when it meets the following requirements (Morrison, 1999): 
 

 The document must be well formed. 
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 The name of the root element must be the same as the name of the document 
type declaration. 

 The document must have a DTD in which the elements, attributes and entities 
are declared, it is used in the document as internal, external or both. 

 The document must meet the grammar established by the DTD. 

 
In XML an element provides its own structure that allows the definition of a logical 
structure in the document. In the following example there is an XML document. This 
document begins with a statement that identifies the version used, and the 16-
character code. Then a root element will appear containing the rest of the objects in 
the document. 
 
<?xml versión=”1.0” encoding=”UTF-8” standalone=”yes”?> 
 <película> 
  <titulo> El Señor de los Anillos </titulo> 
  <director> Peter Jackson </director> 
 </película> 

 
Example 3.1 Example of an XML document 

 
 
In the first line of the example indicates the version of the document, the code used 
and if it has an associated a DTD. 
 
The attributes have characteristics associated of the element and they do not contain 
complex information as shows the Example 3.2: 
 
<pelicula genero=”ciencia ficción” Categoria=”superproducción”> El Señor de los Anillos 
</película> 

 
Example 3.2 Example of atributes in a XML document 

 
 
Attributes can be any set of values from a list, or default values, and they can have 
data types. 
 
DTD has certain limitations, such as that the syntax is not easily understandable and 
there is a lack of support XML Schema namespace, based on W3C, which defines an 
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XML vocabulary (XML.com, 2015). XML Schema defines the structure of XML 
documents and valid types of data for each element and attribute. 
 
The XML Schema structure is modular, allowing reuse of defined modules. 
Furthermore, a relationship hierarchy is established between these modules. There 
are two types of objects in an XML schema: simple and complex types. Simple types 
are those that have no child elements or attributes. The predefined XML types are 
double, string, boolean, etc. The enumerated or list type and unions are also simple 
types. The complex types are those that have child elements and/or attributes. 
 
New specifiations associated with XML have appeared, including XPath, XQuery, 
XPointer, and XLink1, sponsored by W3C, World Wide Web Consortium. 
 
 

3.3. Model of the XBRL meta-metadata 

As shown in this chapter, especially in Figures 3.1 and 3.2, a report using the XBRL 
specification, called an XBRL instance document, is formed by a series of linkbases 
or roles (from the point of view of data modelling) that consist of a taxonomy, and the 
instance itself. However, it is possible to say that an XBRL instance document 
consists of the XBRL specifications based on the XML specification and a set of XML 
Schemas, as Figure 3.4 shows. 
  

                                                
1 See Acronyms. 
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3.4. XML and XBRL objects used in the definition of the 
meta-metadata 

Next, the XML and XBRL objects forming the XBRL specification are analysed, 
although not in detail, because they are analysed in Valencia (2011), and in Openfiling 
(2015). 
 
The objects XML used to define the meta-meta model XBRL are: 
 

 Object SimpleType 

 Object ComplexType 

 Object element. Object attribute 

 Object simpleContent 

 Object complexContent 

 Object attributeGroup 

 Object subtitutionGroup 

 Object restriction 

 Object extension 

 Object anyAttribute 

 Object choice 

 Object sequence 

 Data type NCName 

 Data type NMTokens 

 Data type anyURI 

 Data type processContent 
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Next, the XBRL objects are shown, on which is built the specification. These objects 
are structured in attributes, groups of attributes, simple types, complex types and 
elements. 
 
 
XBRL Objects “Attributes” 
 
 xlink:actuate 

 xlink:arcrole 

 xlink:from 

 xlink:href  

 xlink:label  

 xlink:role  

 xlink:show 

 xlink:title  

 xlink:to 

 xlink:type 

 xbrldt:closed 

 xbrldt:contextElement 

 xbrldt:typeDomainRef 

 xbrldt:usable 

 xbrldt:targetRole 

 xbrli:balance 

 xbrli:periodType 
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XBRL Objects “Groups of Attributes” 
 
 xlink:titleType 

 xlink:simpleType 

 xlink:resourceType 

 xlink:locatorType 

 xlink:extendedType 

 xlink:arcType 

 xbrli:factAttrs 

 xbrli:itemAttrs 

 xbrli:essentialNumericItemAttrs 

 xbrli:nonNumeritItemAttrs 

 xbrli:numericItemAttrs 

 xbrli:tupleAttrs 

 
 
XBRL Objects “Simple Types” 
 
 xlink:TypeEnum 

 xlink:nonEmptyURI 

 xlink:actuateEnum 

 xlink:showEnum 

 xl:useEnum 

 xbrli:DateUnion 

 xbrli:decimalsType 

 xbrli:monetary 

 xbrli:nonZeroDecimal 

 xbrli:precisionType 

 xbrli:pure 
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 xbrli:shares 

 xbrldt:contextElementType 

 
 
XBRL Objects “Complex Types” 
 
 xl:titleType 

 xl:simpleType 

 xl:resourceType 

 xl:locatorType 

 xl:extendedType 

 xl:arcType 

 xl:documentationType 

 xbrli:anyURIIyemType 

 xbrli:NCNameItemType 

 xbrli:base64BinaryItemType 

 xbrli:booleanItemType 

 xbrli:byteItemType 

 xbrli:dateItemType 

 xbrli:dataTimeItemType 

 xbrli:decimalItemType 

 xbrli:doubleItemType 

 xbrli:durationItemType 

 xbrli:floatItemType 

 xbrli:fractionItemType 

 xbrli:dayItemType 

 xbrli:gmonthDayItemType 

 xbrli:gMonthItemType 

 xbrli:gYearItemType 

 xbrli:gYearMonthItemType 
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 xbrli:exBinaryItemType 

 xbrli:integerItemType 

 xbrli:intItemType 

 xbrli:longItemType 

 xbrli:measuresItemType 

 xbrli:monetarytemType 

 xbrli:negativeIntegerItemType 

 xbrli:nonPositiveIntegerItemType 

 xbrli:normalizedStringItemType 

 XBRL xbrli:positiveIntegerItemType 

 XBRL xbrli:pureItemType 

 xbrli:QNameItemType 

 XBRL xbrli:sharesItemType 

 XBRL xbrli:shortItemType 

 XBRL stringItemType 

 XBRL xbrli:timeItemType 

 xbrli:tokenItenType 

 xbrli:unsignedByteItemType 

 xbrli:unsignedIntItemType 

 xbrli:usignedLongItemType 

 xbrli:usignedShortItemType 

 xbrli:contextEntityType 

 xbrli:contextPeriodType 

 link:arcroleRef 

 link:arcroleType 

 link:calculationAFc 
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<xbrli:context id="Context_Instant_OtrasEntidades"> 
<xbrli:entity> 

<xbrli:identifier scheme="http://www.ecb.int/stats/money/mfi"> 
ES9000</xbrli:identifier> 
<xbrli:segment> 

<xbrldi:explicitMember dimension="es-be-cm-dim:Agrupacion"> 
es-be-cm-dim:AgrupacionIndividual</xbrldi:explicitMember> 

</xbrli:segment> 
</xbrli:entity> 
<xbrli:period> 

<xbrli:instant>2008-09-30</xbrli:instant> 
</xbrli:period> 
<xbrli:scenario> 

<xbrldi:explicitMember dimension="es-be-d-FR-dist:DistribucionDimension"> 
es-be-d-FR-dist:OtrasEntidades</xbrldi:explicitMember> 

</xbrli:scenario> 
</xbrli:context> 

 
Example 3.3 Example of scenario 

 
 
 link:linkbase 

The link:linkbase complements the rule XBRL in the specification on the XLink 
(Figure 3.6), they were explained before (presentation, calculation, formula, etc.). 
 
<element name="linkbase"> 

<annotation> 
<documentation> 
Definition of the linkbase element.  Used to contain a set of zero or more 
extended link elements. 
</documentation> 

</annotation> 
<complexType> 

<choice minOccurs="0" maxOccurs="unbounded"> 
<element ref="link:documentation"/> 
<element ref="link:roleRef"/> 
<element ref="link:arcroleRef"/> 
<element ref="xl:extended"/> 

</choice> 
<attribute name="id" type="ID" use="optional"/> 
<anyAttribute namespace="http://www.w3.org/XML/1998/namespace"  
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processContents="lax"/> 
</complexType> 

</element> 

 

 
 

Figure 3.6 Element XBRL linkbase 
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 link:schemaRef 

This element is used for the XBRL instance documents references to taxonomies 
schemas and not rewrite the element (Figure 3.7). 

 
<element name="schemaRef" type="xl:simpleType" substitutionGroup="xl:simple"> 

<annotation> 
<documentation> 
Definition of the schemaRef element – used 
to link to XBRL taxonomy schemas from 
XBRL instances. 
</documentation> 

</annotation> 
</element> 
 

 
Figure 3.7 Element XBRL schemaRef 

 
 
 link:usedOn 

 xbrli:context 

Context is the set of dimensions and dimension attributes of a fact. It consists of 
0-1 segment (pair <dimension/attribute dimension>) and from 0 to n scenarios, 
pairs <dimension, dimension attribute>, and with the organization and time 
dimension. In Figure 3.8 the structure of the definition is shown. Example 3.4 
shows a context with its scenario and two dimensions, for entity ES9000, in a 
instant period 2008-09-30. 

 
 
  

 
subt itut ionGroup= “xl:sim ple” 

 
 

< < type> >  
Xl:sim pleType 

Elem ent :xbrl:schem aRef 
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<element name="context"> 
<annotation> 

<documentation> 
Used for an island of context to which facts can be related. 
</documentation> 

</annotation> 
<complexType> 

<sequence> 
<element name="entity" type="xbrli:contextEntityType" /> 
<element name="period" type="xbrli:contextPeriodType" /> 
<element name="scenario" type="xbrli:contextScenarioType" minOccurs="0" /> 

</sequence> 
<attribute name="id" type="ID" use="required" /> 

</complexType> 
</element> 

 

 
Figure 3.8 Element XBRL context 

 
 

<xbrli:context id="Context_Instant_GrupoConsolidableEntidadesCredito"> 
<xbrli:entity> 

<xbrli:identifier scheme=http://www.ecb.int/stats/money/mfi> 
ES9000</xbrli:identifier> 
<xbrli:segment> 

<xbrldi:explicitMember dimension="es-be-cm-dim:Agrupacion"> 
es-be-cm-dim:AgrupacionIndividual</xbrldi:explicitMember> 

</xbrli:segment> 
</xbrli:entity> 
<xbrli:period> 

<xbrli:instant>2008-09-30</xbrli:instant> 
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</xbrli:period> 
<xbrli:scenario> 

<xbrldi:explicitMember dimension="es-be-d-FR-dist:DistribucionDimension"> 
es-be-d-FR-dist:GrupoConsolidableEntidadesCredito</xbrldi:explicitMember> 

</xbrli:scenario> 
</xbrli:context> 

 
Example 3.4 Example of the element XBRL context 

 
 
 xbrli:denominator 

 xbrli:mumerator 

 xbrli:divide 

 xbrli:item 

 xbrli:measure 

 xbrli:segment 

The element segment defines a business segment, and in the multidimensional 
data model (MDM) defines a pair <dimension, dimension attribute> (Figure 3.9). 
Example 3.5 shows a segment containing the pair <Agrupación, 
AgrupaciónIndividual>. 

 
<element name="segment"> 

<complexType> 
<sequence> 

<any namespace="##other" processContents="lax" 
minOccurs="1" maxOccurs="unbounded" /> 

</sequence> 
</complexType> 

  </element> 

 

 
Figure 3.9 Example of the element XBRL segment 
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<xbrli:segment> 
<xbrldi:explicitMember dimension="es-be-cm-dim:Agrupacion"> 
es-be-cm-dim:AgrupacionIndividual</xbrldi:explicitMember> 

</xbrli:segment> 

 
Example 3.5 Example of the element XBRL segment 
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 Xbrldt:dimensionItem 

The element “dimensionItem” that is shown in the next figure (Figure 3.10) collects 
the multidimensional concepts. This element will be analysed below. 

 
<xs:element 

name="dimensionItem" 
id="xbrldt_dimensionItem" 
abstract="true" 
substitutionGroup="xbrli:item" 
type="xbrli:stringItemType" 
xbrli:periodType="duration"/>  

Figure 3.10 Element XBRL dimension Item 

 
  

subt itut ionGroup= “xbrli:item ” 
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46 CHAPTER 3 – Model of meta-metadata of the specification 

 xbrldt:hypercubeItem 

It defines a cube with 1 or n facts (Figure 3.11). This element will be analysed 
below. 

 
<xs:element 

name="dimensionItem" 
id="xbrldt_dimensionItem" 
abstract="true" 
substitutionGroup="xbrli:item" 
type="xbrli:stringItemType" 
xbrli:periodType="duration"/> 

 

 
Figure 3.11 Element XBRL hypercubeItem 

 
 
 xbrli:xbrl 

This element is the root of all instance documents (Figure 3.12). 
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<element name="xbrl"> 
<annotation> 

<documentation> 
XBRL instance root element. 
</documentation> 

</annotation> 
<complexType> 

<sequence> 
<element ref="link:schemaRef" minOccurs="1" maxOccurs="unbounded" /> 
<element ref="link:linkbaseRef" minOccurs="0" maxOccurs="unbounded" /> 
<element ref="link:roleRef" minOccurs="0" maxOccurs="unbounded" /> 
<element ref="link:arcroleRef" minOccurs="0" maxOccurs="unbounded" /> 
<choice minOccurs="0" maxOccurs="unbounded"> 

<element ref="xbrli:item"/> 
<element ref="xbrli:tuple"/> 
<element ref="xbrli:context"/> 
<element ref="xbrli:unit"/> 
<element ref="link:footnoteLink"/> 

</choice> 
</sequence> 
<attribute name="id" type="ID" use="optional" /> 
<anyAttribute namespace=http://www.w3.org/XML/1998/namespace 
processContents="lax" /> 

</complexType> 
</element> 

 

 
Figure 3.12 Element XBRL xbrl 
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Example 3.6 shows a case of a XBRL instance document. In this example is 
shown the definition of the segment as the dimension "es-be-ce-
dim:AgrupacionIndividual". In addition, the defined period has its starting date in 
2008-07-01 and end date on 2008-09-30. 
 
 
<xbrli:xbrl> 

<link:schemaRef xlink:type="simple" xlink:href= 
"http://www.bde.es/es/fr/esrs/finrep/6-2008/2008-11-26/es-be-finrep-consolidado.xsd"/> 
<xbrli:context id="Context_Instant"></xbrli:context> 
<xbrli:context id="IS1"></xbrli:context> 
<xbrli:context id="Context_Instant_GrupoConsolidableEntidadesCredito"> 
</xbrli:context> 
<xbrli:context id="Context_Instant_EntidadesSeguros"></xbrli:context> 
<xbrli:context id="pblo_FINREP"></xbrli:context> 
<xbrli:unit id="EURO"></xbrli:unit> 
<es-be-p-FINREP:PromemoriaRiesgosContingentes decimals="-3" 
 contextRef="Context_Instant" unitRef="EURO"> 
0</es-be-p-FINREP:PromemoriaRiesgosContingentes> 
<ifrs-gp:CashAndBalancesWithCentralBanks decimals="-3" contextRef= 
"Context_Instant" unitRef="EURO">6316000 
</ifrs-gp:CashAndBalancesWithCentralBanks> 
<ifrs-gp:FinancialAssetsHeldForTradingTotal decimals="-3" contextRef= 
"Context_Instant" unitRef="EURO">25680000 
</ifrs-gp:FinancialAssetsHeldForTradingTotal> 
<es-be-p-FINREP:CarteraNegociacionDepositoEntidadesCredito decimals="-3" 
 contextRef="Context_Instant" unitRef="EURO">4366000 
</es-be-p-FINREP:CarteraNegociacionDepositoEntidadesCredito> 

</xbrli:xbrl> 

 
Example 3.6 Example of an XBRL instance document 

 
 
This example shows an item of the Example 3.6. 
 
<es-be-p-FINREP:CarteraNegociacionDepositoEntidadesCredito decimals="-3" 
contextRef="Context_Instant" unitRef="EURO">4366000</es-be-p-
FINREP:CarteraNegociacionDepositoEntidadesCredito> 

 
Example 3.7 Detail of an item in an XBRL instance document 
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The Example 3.8 shows an example of the XBRL instance document that does 
use tuples. 

 
<pgc07mc-apdo0:PresentacionCuentasTupla> 

<pgc07mc-apdo0:YearFechaInicioCuentas contextRef="D.ACTUAL">2009</pgc07mc-
apdo0:YearFechaInicioCuentas> 

<pgc07mc-apdo0:MonthFechaInicioCuentas contextRef="D.ACTUAL">01</pgc07mc-
apdo0:MonthFechaInicioCuentas> 

<pgc07mc-apdo0:DayFechaInicioCuentas contextRef="D.ACTUAL">01</pgc07mc-
apdo0:DayFechaInicioCuentas> 

<pgc07mc-apdo0:YearFechaCierreCuentas contextRef="D.ACTUAL">2009</pgc07mc-
apdo0:YearFechaCierreCuentas> 

<pgc07mc-apdo0:MonthFechaCierreCuentas contextRef="D.ACTUAL">12</pgc07mc-
apdo0:MonthFechaCierreCuentas> 

<pgc07mc-apdo0:DayFechaCierreCuentas contextRef="D.ACTUAL">31</pgc07mc-
apdo0:DayFechaCierreCuentas> 

<dgi-dat-inf:TotalPagesPresented decimals="0" contextRef="D.ACTUAL" 
unitRef="pure">43</dgi-dat-inf:TotalPagesPresented> 
</pgc07mc-apdo0:PresentacionCuentasTupla> 
<pgc07mc-apdo0:PresentacionCuentasTupla> 

<pgc07mc-apdo0:YearFechaInicioCuentas 
contextRef="D.ANTERIOR">2008</pgc07mc-apdo0:YearFechaInicioCuentas> 

<pgc07mc-apdo0:MonthFechaInicioCuentas contextRef="D.ANTERIOR">01</pgc07mc-
apdo0:MonthFechaInicioCuentas> 

<pgc07mc-apdo0:DayFechaInicioCuentas contextRef="D.ANTERIOR">01</pgc07mc-
apdo0:DayFechaInicioCuentas> 

<pgc07mc-apdo0:YearFechaCierreCuentas 
contextRef="D.ANTERIOR">2008</pgc07mc-apdo0:YearFechaCierreCuentas> 

<pgc07mc-apdo0:MonthFechaCierreCuentas 
contextRef="D.ANTERIOR">12</pgc07mc-apdo0:MonthFechaCierreCuentas> 

<pgc07mc-apdo0:DayFechaCierreCuentas contextRef="D.ANTERIOR">31</pgc07mc-
apdo0:DayFechaCierreCuentas> 

<dgi-dat-inf:TotalPagesPresented decimals="0" contextRef="D.ANTERIOR" 
unitRef="pure">0</dgi-dat-inf:TotalPagesPresented> 
</pgc07mc-apdo0:PresentacionCuentasTupla> 

 
Example 3.8 Example of the use of tuples in an XBRL instance document 
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 xbrldi:explicitMember 

Dimension attributes of a dimension (Figure 3.13), the dimension attributes 
explicitly defined in the taxonomy (these attributes can also be calculated in the 
MDM). 

 
 

<element name="explicitMember"> 
<annotation> 

<documentation xml:lang="en">This element contains the QName of an item that 
is a member of an explicit dimension. 

</documentation> 
</annotation> 
<complexType> 

<simpleContent> 
<extension base="QName"> 

<attribute name="dimension" type="QName" use="required"/> 
</extension> 

</simpleContent> 
</complexType> 

</element> 

 

 
Figure 3.13 Element XBRL explicitMember 

 
 
The Example 3.9 shows the dimension Agrupación and dimension attribute 
AgrupacionIndividual (ExplicitMember). 
 
<xbrli:context id="Context_Instant_GrupoConsolidableEntidadesCredito"> 

<xbrli:entity> 
<xbrli:identifier scheme="http://www.ecb.int/stats/money/mfi">ES9000</xbrli:identifier> 
<xbrli:segment> 

<xbrldi:explicitMember dimension="es-be-cm-dim:Agrupacion">es-be-cm-
dim:AgrupacionIndividual</xbrldi:explicitMember> 

</xbrli:segment> 
</xbrli:entity> 
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<xbrli:period> 
<xbrli:instant>2008-09-30</xbrli:instant> 

</xbrli:period> 
<xbrli:scenario> 

<xbrldi:explicitMember dimension="es-be-d-FR-dist:DistribucionDimension">es-
be-d-FR-dist:GrupoConsolidableEntidadesCredito</xbrldi:explicitMember> 

</xbrli:scenario> 
</xbrli:context> 

 
Example 3.9 Example of the element XBRL explicitMember 

 
 

 typedMember 

Finally, as in the following chapters will be analysed, a typed dimension is a 
dimension that dimension attributes are not known at the time of defining the 
taxonomy (in run-time), but its type, if it is known. Implicit dimension (Figure 3.14) 
is also called. 

 
<element name="typedMember"> 

<annotation> 
<documentation xml:lang="en">This element constains one child of   anyType. 

</documentation> 
</annotation> 
<complexType> 

<sequence> 
<any namespace="##other"/> 

</sequence> 
<attribute name="dimension" type="QName" use="required"/> 

</complexType> 
</element> 

 

 
Figure 3.14 Element XBRL typeMember 
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CHAPTER 4. Fundamentals and Basic Concepts of 
the proposal 

4.1. Universe of the Discourse and the proposal 

This chapter analyses the software development life cycle of the metadata in 
accounting semantic reports, using the Model Driven Architecture (MDA, 2015) 
paradigm. From 2008 especially in Europe, the National Central Banks (NCBs), 
European Central Bank (ECB), European Banking Authority (EBA), and Supervisors 
and Regulators in general have been looking for a data model for the development of 
this type of reports (Eurofiling, 2015). The Data Point Model (DPM) appeared as a 
logical design model (only applicable to the XBRL specification) with a stable version 
in 2010 (Eurofiling, 2011), for the Balance Sheet Items and Monetary Financial 
Institutions Interest Rates taxonomies (BSI-MIR (2010), Bank of Spain (2010)) and 
they were implemented by the Polish company BR-AG (2015). Two years later, an 
Excel template generator (Data point modeller, EXGEN (Ruíz et al., 2012)) was 
developed for XBRL taxonomies. The Comité Européen de normalisation/European 
Committee for Standardization and Eurofiling (2015) (CEN, 2013) was working on the 
standardization of the data model design in Europe, named the Data Point Model 
(DPM) (Díaz, 2012). A tool to model DPM, called DPM Architect for XBRL, is under 
development at the Bank of Spain. This tool supplied to some supervisors who wish 
to develop taxonomies with DPM. The target is to construct taxonomies using the 
XBRL specification exclusively. Banca d'Italia has developed the predecessor of the 
DPM, the Matrix Schema (MS) (Romanelli, 2007), which contributed to the Eurofiling 
initiative (2015). The MS is based on a spreadsheet. As commented in other sections, 
this thesis does not deal with the DPM, because the work will be wider in scope, 
however the author of this thesis has worked on it elsewhere (Santos, 2013; Santos 
et al., 2013). 
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Figure 4.1 Design of semantic reports using the MDA paradigm 

 
 
Figure 4.1 displays one part of the proposal of this thesis, the software development 
life cycle, which will be developed in this chapter. Accountants, financiers or 
economists need to obtain a set of data. These expert users, with the help of IS, builds 
a set of templates through one or more spreadsheets. Therefore, the real world 
consists of a set of accounting rules, laws, directives, etc., defined in a set of required 
data in a report (the Computation Independent Model, CIM), through templates. 
According to the MDA paradigm, the Platform Independent Model (the PIM) is 
obtained from the CIM. In the PIM the set of definitions, user rules, and a mapping 
from the CIM to the PIM is analysed. The model used by the author is MDM. MDM is 
a straightforward model that combines objects, dimensions (hierarchies), measures 
and attributes for representing real work business problems (Kimball, 1996-2004; 
Inmon, 2005; Jarke et al., 2003). In addition, this model is the heart of On-Line 
Analytical Processing (OLAP), which requires complex queries that can be solved by 
the MDM in real time. 
 
The specific platform chosen is SQL (Platform Specific Model, PSM). The PSM 
consists of a set of definitions, rules and transformations. Because the MDM is used 
in the PIM and SQL in the PSM, the mapping is almost immediate (using Relational 
Online Analytical Processing (ROLAP) technology). Finally, the transformation from 
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the PSM to the code is shown. In the PIM and the PSM a set of automatic validations 
are provided. 
 
The design of these reports is extremely general and the designs of taxonomies (set 
of concepts and rules for semantic reports) can vary greatly. In Europe the design 
makes intensive use of dimensions (Boixo and Flores, 2005; Felden, 2007). This use 
of dimensions makes the design process easier, since if the number of dimensions in 
the conceptual model is high, it is semantically richer, and the mapping to a database 
is easier. In addition, it is possible to reduce the number of dimensions through views 
in the logical model (the PSM) according to implementation criteria. At present, these 
reports use the XBRL specification, through taxonomies. This proposal helps to 
design these taxonomies or semantic reports in XBRL or other technologies (XML, 
SDMX, iXBRL, spreadsheets, databases, etc.), using the MDA paradigm. 
 
This chapter is divided into five sections, in order to explain the software development 
life cycle of these reports, using the MDA. Firstly section 2 analyses the CIM 
(Computational Independent Model). Next section 3 analyses the PIM (Platform 
Independent Model), its rules and definitions. Section 4 studies semantic questions 
about the design of the metadata in the PIM. Finally, section 5 shows the PSM 
(Platform Specific Model), where the code of this proposal is shown. The validation 
will be analysed in Chapter 6 of this thesis. 
 
 

4.2. The Computation Independent Model (the CIM) 

This section will start to analyse the real world. An economist-accountant wants only 
to obtain a set of data. In certain cases, these specialists design a report as in Figure 
2.2. However, in most cases, they want to collect data independently of its 
presentation. A generalized method is to generate one or more spreadsheets or 
templates with the data that are needed. In this way, the presentation of the data is 
separated from its definition. According to the business logic, the user will create one 
or more spreadsheets, each sheet having a group of cells with the data that 
economists or accountants want to obtain in the reports. Figure 4.2 shows a simplified 
example with a similar report to Figure 2.2. In this example there is a set of concepts 
that are interconnected and a set of values assigned to these concepts. In addition, 
the values must comply with certain rules and constraints, with other values and with 
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other concepts of this report or set of reports. This figure depicts the Financial Assets 
in a period in a country, with specific rules, such as that the real estate loans of the 
bank must be equal to the sum of the real estate loans with the bank itself and other 
banks. 
 
 

 
Figure 4.2 Example of report with semantic 

 
 
Firstly, the following definition of an economic/financial semantic report is proposed: 
 
Definition 4.1: An economic/financial report is semantic if it is composed of a set of 

interconnected concepts, and values assigned to these concepts or group of concepts. 

Also, the values must comply with certain rules and/or constraints among other values 

and concepts. 

 
However, in most cases, the expert users want to collect data independently of its 
presentation. A generalized method is to generate one or more spreadsheets or 
templates with the data that are needed. In this way, the presentation of the data is 
separated from its definition. According to the business logic, the user will create one 
or more spreadsheets, each sheet having a group of cells with the data that 
economists or accountants want to obtain in the reports. Figure 4.3 shows a simplified 
example with only three cells, based on the report of Figure 4.2, these are F(5, 1, 1), 
F(5, 1, 2) and F(5, 1, 3). These cells belong to the column values of Figure 4.2, 
F(5.1.1) to row 1, F(5,1,2) to row 2 and F(5, 1, 3) could be row 5, if the Banks concepts 
were the same as To bank itself and other Banks. 
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Figure 4.3 Sample of template 

 
 
From these templates the IT analyst, together with the business user, extracts the 
metadata. In this template, the business users show the data they need to gather. 
The analyst may find a set of Excel sheets with a large number of cells unconnected 
with each other and with a high degree of redundancy. The European Regulation in 
2012 needed 4500 cells, in 2015 the number of cells is 45000 (Weller, 2015). Each 
template has a different meaning for the business user. The template consists of a 
set of cells where each cell is a fact to be gathered, this being determined by a set of 
dimensions and dimension attributes, among other things. For example, the cell or 
fact F(5, 1, 1) is real estate assets, with a loan from the bank, for an entity, in euros. 
In this figure, if the fields are crossed out, they are considered not allowed by the 
business user. Facts (cells for the expert user) are listed in a triplet, which is the 
numbers of the template, row, and column. Normally, facts are referenced with 
sequential numbers. A fact can be in more than one template, so that they can be 
defined as: 
 
Definition 4.2: Let  be a Fact. Let i be a number, where i  Then  i. 
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On the other hand, a fact can determinate more than one triplet (template, row, 
column), because a fact can be in more than one template. Therefore, it is possible 
to define the following rule: 
 
Rule 4.1: Let 𝜑 be a Fact. Let 𝑇𝑖  be a template, ∀i=1,..,n. Let 𝑅𝑗  be a row, where 

𝑅𝑗 ∈ 𝑇𝑖 , ∀𝑗 =1,..,m. Let  𝐶𝑘  be a column, where 𝐶𝑘 ∈ 𝑇𝑖 , ∀ k=1,..,o. Then 𝜑 →→

(𝑇𝑖, 𝑅𝑗,𝐶𝑘). 

 
The proof of concepts (hereinafter POCs) of this paper are based in the reports that 
must be sent from financial institutions to European Supervisors (Openfiling, 2015). 
These POCs use the draft of the taxonomy FINREP 2012 (EBA, 2011; Eurofiling, 
2012, 2015), published on the internet, with intensive use of dimensions. 
 
 

4.3. The Platform Independent Model (the PIM): Rules and 
Definitions 

This section analyses the PIM of this model. It uses UML for showing all necessary 
definitions and rules of this platform. This thesis proposes to use the star design of 
the MDM, with a minimum set of 16 definitions or rules as constructors of the semantic 
economic/financial report. Table 4.1 summarises the set of definitions. After this table, 
the definitions and rules with examples in an extensive way are explained. Column 1 
defines the name of the concept in the MDM and column 2, its description. However, 
these definitions are based on the XBRL Data Model (XBRLDM). Additionally, this 
section presents a new dimension to the proposal by offering a novel mathematical 
formalization (formal language in the MDM). 
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A basic concept is a primary item, in the XBRLDM, is a special concept because it 
has three associated attributes: type, time period type of the basic concept and 
balance (Hernández-Ros and Wallis, 2006; Santos and Castro, 2011b, c). According 
to XBRLDM, if a data type of a basic concept is monetary, there is a new attribute, 
balance, which can take two values, debit or credit. If the data type is not monetary, 
then the value of the attribute balance will be null. In the example the basic concepts 
are {Assets (Instant, monetary, <balance>), Liabilities (Instant, monetary, <balance>), 
…}. 
 
All concepts of a domain have the same type of time period. A domain is formed of a 
set of concepts, and each concept belongs to a single domain. In this example the 
set of domains are DEntity, DAssets_Estate, DLoans, and DGeography. Where the 
domain DEntity consist of the next concepts {‘Entity_Finan’,  ‘BNP Paribas’, ‘ING 
Group’, ‘Royal Bank of Scotland’, Commerzbank} and the domain DAssets_Estate= 
{‘Real estate’, ‘No real estate’, ‘Real estate and no real estate’}, and DLoans = 
{Banks, ’The bank itself’, ‘To other banks’, ‘To non-financial institutions’, ‘The bank 
itself and other banks’}, etc. 
 
These definitions can be expressed formally as: 
 
Definition 4.3: Let 𝜉𝑖  be a concept, where 𝜉𝑖 ∈ 𝛤, where 𝛤 is the set of concepts, 

∀i=1,…,n. Let 𝐷𝑜𝑗 be a domain, such that 𝐷𝑜𝑗 ∈ Do, where Do is the set of domains, 

∀ j =1,…,m. Then 𝐷𝑜𝑗=⋃ 𝜉𝑖
𝑘
𝑖=1 . 

 
Definition 4.4: According to the above definition, ∀𝜉𝑖 ⇒ 𝜉𝑖 → 𝐷𝑜𝑗. 

 
Definition 4.5: Let 𝜉𝑖 be a concept, where 𝜉𝑖 ∈ 𝛤, where 𝛤 is the set of concepts,   ∀𝑖 

=1,…,m. Let 𝜚 be the time period type, where 𝜚={“Instant” |“period” | “forever”}. Let 

𝐷𝑜𝑗 be a domain, ∀𝑗 = 1, … , 𝑛, 𝑤ℎ𝑒𝑟𝑒 𝐷𝑜𝑗 ∈ Do, where Do is the set of domains. Then 

𝜉𝑖 → 𝜚. And if 𝜉𝑖 → 𝐷𝑜𝑗 ⇒ 𝐷𝑜𝑗 → 𝜚. 

 
A dimension is a set of concepts of a domain. In the MDM or the XBRL specification 
cannot have more of a dimension attribute of a dimension that refers to a fact. 
However, in the real world there can be more than one concept for a domain that 
makes references to a fact. The solution in the XBRLDM is to create as many 
dimensions of the same domain as possible, so that each fact has a dimension 
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attribute (member-domain in XBRLDM), without overlapping the dimension attributes 
of a dimension in a fact. Dimensions of a domain with attributes of dimension 
overlapped are created in the MDM. This means, a dimension determines univocally 
a domain. Then, in the example is possible to define in the domain DLoans, the 
dimension Loans_1={’The bank itself’+‘To other banks’} and in the domain 
DAssets_Estate, the dimension Assets_Estate_1={‘Real estate’, ‘No real estate’}. 
 
A calculated attribute determines univocally a domain and a dimension. For example, 
in the domain DLoans the concept ‘The bank itself and other banks’ is a calculated 
attribute of Loans_1, where ‘The bank itself and other banks’=’The bank itself’+‘To 
other banks’. Also, the concept ‘Real estate and no real estate’ of the domain 
DAssets_Estate is a calculated attribute of the dimension Assets_Estate_1, where 
‘Real estate and no real estate’=‘Real estate’+‘No real estate’. 
 
A dimension attribute determines a single concept of a domain, but dimension 
attributes determine from 1 to n dimensions. Therefore, it is possible to define: 
 
Definition 4.6: Let 𝐷𝑖 be a dimension, ∀i=1,...,m, where 𝐷𝑖 ∈D, and D is the set of 

dimensions. Let 𝐴𝑡𝑖𝑗 be an attribute of dimension such that 𝐷𝑖= ∪𝑗=1
𝑘  𝐴𝑡𝑖𝑗.

 Let Dol be a 

domain, and let 𝜉𝑙𝑜
 be a concept, where Dol = ∪𝑜=1

𝑘′  𝜉𝑙𝑜
 . 𝐼𝑓 𝐴𝑡𝑖𝑗 

→  𝜉𝑙𝑜
⇒  𝜉𝑙𝑜

→

𝐷𝑜𝑙   𝑎𝑛𝑑  𝜉𝑙𝑜
 →→ ∑ 𝐷𝑖

𝑛
𝑖=0  ∈ 𝐷𝑜𝑙. ∀l = 1,...,n and ∀ o = 1,...,n’. 

 
In XBRLDM a dimension consists of domain-member, and does not differentiate 
between dimension and calculated attributes. A calculated attribute is defined as: 
 
Definition 4.7: Let 𝜉𝑖′𝑗′

 be a concept, and let Doi be a domain, ∀𝑖′ = 1, … , 𝑚, ∀j’ = 

1,…,m’   . Where 𝜉𝑖′𝑗′
 ∈ 𝐷𝑜𝑖′,. Let 𝐴𝑡𝑖𝑗

 be an attribute of dimension, where. 𝐴𝑡𝑖𝑗
 ∈ 𝐷𝑖, 

where Di  is a dimension ∀𝑖 = 1,…,n, and ∀j =1,…,n’. If ∀ 𝜉𝑖𝑗.
 ∈ 𝐷𝑜𝑖′  , ∄ a 𝜉𝑖′𝑗′

 such 

that 𝐴𝑡𝑖𝑗
→  𝜉𝑖′𝑗′

 , then (𝜉𝑖′𝑗′
 𝐷𝑖′)) →  𝐶𝐴𝑡𝑖′𝑗′

 , 𝐶𝐴𝑡𝑖′𝑗′
 is a calculated attribute. 

 
The set of basic concepts are grouped in the base dimension. The base dimension 
determines a domain, and each of the basic concepts determines univocally the 
concepts of the domain. In general, the XBRLDM specification does not specify 
whether there are one or several base dimensions, but according to the guide of best 
practices of Eurofiling indicates only a base dimension by taxonomy or framework 
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exists (CEN, 2013). In the example the base dimension is Base_Dimension={Assets 
(Instant, monetary, <balance>), Liabilities (Instant, monetary, <balance>), …}. 
 
Therefore, it is possible to define: 
 
Definition 4.8: Let 𝜉𝑗  be a concept, ∀𝑗 = 1, … , 𝑛 , and 𝜉𝑗 ∈ 𝛤, where 𝛤 is the set of 

concepts. Let 𝜚 be the period type, where 𝜚 = {“Instant”|”period”|“forever”}. Let 𝜊 be a 

data type. Then  𝜉𝑗 ∪ 𝜚 ∪  𝜊 → 𝐵𝑐,  where Bc is a basic concept and 𝜉𝑖 → 𝜚  , 𝜉𝑖 → 𝜊 . 

 
Definition 4.9: Let 𝐵𝑐𝑙 be a basic concept, ∀𝑖 = 1, … , 𝑚.  Let Bd be a base dimension, 

then Bd=∪𝑖=1
𝑚 𝐵𝑐𝑖 . 

 
XBRLDM defines a family of dimensions as a set of dimensions which are grouped 
by its semantics. In the MDM this will be named dimension group.  A group of 
dimensions belongs to a domain, and each dimension of the group determines a 
domain, and this domain is the same as the group. Then, a dimension attribute can 
belong to several dimensions (really the concept) of the same dimension group. 
 
Definition 4.10: Let 𝐷𝑖 be a dimension, where 𝐷𝑖 ∈ D. D is the set of dimensions, ∀i 

= 1,…,n. Let 𝐷𝑜𝑘  be a domain, where 𝐷𝑖 → 𝐷𝑜𝑘, ∀k = 1,…,m.  Let 𝐷𝐺𝑗 be a group of 

domains, where 𝐷𝐺𝑗 ∈ DG, DG is the set of dimension groups, ∀j = 1, …,m. Then 𝐷𝐺𝑗 

= ⋃ 𝐷𝑖
𝑛
𝑖=1 . 

 
It is possible to deduce: 
 
Rule 4.2: If 𝐷𝑖  → 𝐷𝑜𝑘 , ∀i = 1,…,m, ∀𝑘 = 1,…,n, and if 𝐷𝑖 ∈ 𝐷𝐺𝑙  , ∀ 𝑙 = 1, … , 𝑜 ⇒  𝐷𝐺𝑙  → 

𝐷𝑜𝑘, ∀l = 1,…,o. 

 
On the other hand, in the XBRLDM, all defined domains must have a concept by 
default with semantic content (Hernández-Ros and Wallis, 2006; Eurofiling, 2011). 
Also in this data model, every dimension should have a concept by default of the 
domain to which the dimension belongs. Thus, in the MDM a concept by default in the 
domain must be defined, but the concept by default can be a calculated attribute or a 
dimension attribute, or both, normally will be a calculated attribute, as it is seen bellow. 
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Definition 4.11: Let 𝛤 be the set of concepts defined in a taxonomy. Let 𝜉𝑖  be a 

concept, and 𝜉𝑖 ∈ 𝛤𝑑𝑒𝑓 , ∀i =1,…,n, where 𝛤𝑑𝑒𝑓 is the set of concepts defined by 

default. Let 𝐷𝑜𝑗  be a domain, where 𝐷𝑜𝑗  ∈ Do, and Do is the set of domains, ∀ j 

=1,…,m , then Doj → 𝜉𝑖 . 

 
Definition 4.12: Let 𝐷𝑜𝑖  be a domain. Let 𝐷𝑖′  be a dimension, and let 𝐴𝑡𝑖′𝑗′

 be a 

dimension attribute, where 𝐴𝑡𝑖′𝑗′
∈ 𝐷𝑜𝑖  ,and 𝐷𝑖′ → 𝐷𝑜𝑖𝑗

  . Let 𝜉𝑘 be a concept, where 

𝜉𝑘  ∈  𝛤𝑑𝑒𝑓  and 𝐷𝑜𝑖 → 𝜉𝑘  . Let 𝐶𝐴𝑡𝑙  be a calculated attribute, then 𝐴𝑡𝑖′𝑗′
→ 

𝜉𝑘  𝑜𝑟 𝐶𝐴𝑡𝑙  →  𝜉𝑘 and ∀l=1,…,0, where 𝐶𝐴𝑡𝑙 →(𝜉𝑘  , 𝐷𝑖) . 

 
In the XBRLDM a domain consists of dimensions and these of domain-members. In 
the MDM a domain consists of dimension attributes and the calculated attributes or 
measures of dimensions belong to a domain. These concepts are hierarchical 
(Hernández-Ros and Wallis, 2006; Schmehl and Ochocki, 2009; Santos and Castro, 
2011a, c). In this data model, the hierarchies can be used for different validations of 
the concepts, and with a business perspective for IS. This means, that in the MDM 
the concepts (dimension attributes and measures) of a dimension are organized in an 
interconnected hierarchy tree. In the example the concept ‘Real estate and no real 
estate’ of the domain DAssets_Estate is a root of the concepts ‘Real estate’ and ‘No 
real estate’. Each concept can have associated a comparison operation (the root) and 
an operation, “+”, “-“ (the leaves). Unlike the XBRLDM, the MDM uses calculated 
attributes to obtain a fact, but the XBRLDM does not calculate the facts, only their 
validations. 
 
Therefore to obtain a mapping between the two models, a fact must carry out a certain 
rule of validation defined with respect to a calculated attribute. The validations from 
the XBRLDM hierarchies are used to take advantage of the Linkbase calculation 
(operation in the XBRL specification with only one dimension) (Engel et al., 2008; 
Santos and Castro, 2011a, c), however, the Eurofiling group in its guide of best 
practices recommends the use of the Linkbase of XBRL formulas (Morilla, 2008; 
XBRL International, 2009; Fischer, 2011). The formulas will be analysed in the next 
chapter. 
 
The XBRLDM Dimension Taxonomy (XDT) defines two types of dimensions 
(Hernández-Ros and Wallis, 2006; Schmehl and Ochocki, 2009). The dimensions can 
be explicit and implicit. Explicit dimension attributes of dimension are defined in an 
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explicit way in the metadata model. A dimension is defined as implicit (typed in the 
XBRLDM) when its attributes of dimension are not explicitly defined in the metadata 
model, however they belong to a particular domain. In the MDM an implicit dimension 
theirs dimension attributes will be defined in run-time. If a dimension is implicit, there 
is no possibility of establishing hierarchies in the XBRLDM (XBRL Dimensional 
Taxonomies, XDT). This can be defined formally: 
 
Definition 4.13: Let 𝐷𝑖 be a dimension, ∀i=1, .., n,  𝐷𝑖 ∈ D, where D is the set of 

dimensions. Let 𝜉𝑗  be a concept, ∀𝑗 = 1. . 𝑚  . Let 𝐷𝑜𝑖′  be a domain, where 𝐷𝑜𝑖 =

∪𝑗=1
𝑚 𝜉𝑗  . Let 𝐴𝑡𝑗 be a dimension attribute, where 𝐷𝑖=∪𝑗=1

𝑚′  𝐴𝑡𝑗 . If 𝐴𝑡𝑗 → 𝜉𝑗 and 𝐷𝑖 →

𝐷𝑜𝑖′, then 𝐷𝑖 is explicit iff 𝐷𝑖 =∪𝑗=1
𝑚′ 𝜉𝑗 , where m’≤m. 

 
Definition 4.14: Let 𝜀𝜊𝑖

 be a data type, ∀i=1, .., m, 𝜀𝜊𝑖
∈ 𝜊, where 𝜊 is the set of data 

types of the specification or defined by the user. Let 𝜉𝑗 be a concept, where  𝜉𝑗 →

 𝐷𝑜𝑘,  ∀k = 1,..,o, and 𝐷𝑜𝑘 → 𝜀𝜊𝑖
 . 𝐷𝑜𝑘 ∈ Do, where Do is the set of domains. Let 𝐷𝑜 

be a dimension, ∀o=1, .., m’, and 𝐷𝑜 ∈ D, where D is the set of dimensions. Where 

𝐷𝑜  ↔  𝐷𝑜𝑘 , then 𝐷𝑜 is an implicit dimension iff 𝜉𝑗  ∈ 𝜀𝜊𝑖
 𝑎𝑛𝑑 𝜉𝑗  ∈  𝐷𝑜𝑘 and 𝜉𝑗  is not 

defined. 

 
Each concept is associated with 0 or an unknown number of references. The 
references are indications of legal texts. These references only indicate the reference 
to the law, directive, or circular and are not links to URL's or URI's (Engel et al., 2008; 
Santos and Castro, 2011a, c). 
 
In the XBRL specification, tuples or arrays of data are allowed. However, the best 
practices guide developed by the Eurofiling group does not recommend them (CEN, 
2013; Eurofiling, 2015). According to this group, the use of tuples complicates the use 
of the Linkbase of formulas (these will be analysed in the chapter 5), because it is 
impossible to indicate the element to validate in the array in a univocal way. In addition, 
this group shows that the extension of taxonomies over tuples is more complex, since 
the mechanism of adding concepts from tuples is technically more complex in XML. 
However, in the MDM an array is considered as another dimension. 
 
In the XBRLDM, a fact must be defined as the same type of time period as the 
concepts involved (Engel et al., 2008) and therefore, this definition is mapped to MDM. 
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In the XBRLDM, a fact is defined as a set of pairs (dimension / domain-member) and 
a basic concept (primary item).In the MDM a table of facts consists of a set of facts, 
and these facts are determined by a set of pairs <dimension/dimension attributes>, 
including the base domain as an additional dimension, and/or with calculated 
attributes. For example in Figure 4.2 “BNP Paribas - The bank itself - Real Estate - 
10,000.00” is chosen. This is equivalent to F(5,1,1) in Figure 4.3. Then, the fact F(5, 
1, 1) is the union of <Entity, “BNP Paribas”>, <Assets_Estate_1,”Real estate”>, 
<Loans_1, “The bank itself”>, <Geography, Germany> and <Base dimension, 
Assets>. 
 
Therefore, it is defined: 
 
Definition 4.15: Let 𝜑𝑖 be a Fact, ∀i=1,…,m . Let 𝐷𝑗 be a dimension, ∀j=1,…,n . Let 

𝐴𝑡𝑗𝑘
 be an attribute of dimension, ∀k=1,…,0 . Let 𝐵𝑐𝑙 be a basic concept ∀l ∈ 𝑁 . Let 

𝐶𝐴𝑡𝑗′𝑘′
 be a calculated attribute, ∀j’∈ 𝑁, and ∀k’∈ 𝑁. 

Then 𝐵𝑐𝑙 ∪ (𝐷𝑗  ,   𝐴𝑡𝑗𝑘
)𝑗=1

𝑛 ∪  (𝐶𝐴𝑡𝑗′
𝑘′

)𝑗′=0
𝑙 → 𝜑𝑖 . 

 
The hypercubes in the XBRLDM are constraints on the facts in the XDT (XBRL 
Dimensional Taxonomies), which indicates the valid combination of pairs <dimension, 
attributes of dimension>. A hypercube in MDM is a set of pairs <dimension, attributes 
of dimension> and calculated attributes defining one or more facts. In a hypercube, a 
calculated attribute can exist because this attribute is determined by a concept of a 
domain and the dimension, and is the result of operating with pairs <dimensions, 
attributes of dimension> and/or calculated attributes of a dimension. 
 
Definition 4.16: Let 𝜑 be a Fact, ∀ i=1, .., m. Let 𝐷𝑗 be a dimension, ∀j=1, ..,n. Let 

𝐴𝑡𝑗𝑘
 be an attribute of dimension, ∀ k=1, .., o, where 𝐴𝑡𝑗𝑘

 ∈  𝐷𝑗 . Let 𝐶𝐴𝑡𝑗′
𝑘′

 be a 

calculated attribute, ∀ j’ ∈ 𝑁 , 𝑎𝑛𝑑 ∀ k’ ∈ 𝑁.  Then a hypercube is ( 𝐷𝑗 , 𝐴𝑡𝑗𝑘
)𝑗=1 

𝑛′ ∪

(𝐶𝐴𝑡𝑗′
𝑘′ )𝑗′=0

𝑙  →→ 𝜑. 

 
An allowed hypercube is defined as a hypercube associated with a basic concept that 
determines a fact. A forbidden hypercube is defined as a hypercube associated with 
a basic concept that cannot determine any fact, because the expert user considers to 
this fact as impossible or erroneous. In the XBRL specification is compulsory to define 
all the hypercubes of the facts shown in the report. As such it can be defined as: 
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Definition 4.17: Let 𝜑𝑖 be a Fact, ∀ i=1, .., m. Let 𝐷𝑗 be a dimension, ∀j=1, ..,n. Let 

𝐴𝑡𝑗𝑘
 be an attribute of dimension, ∀ k=1, .., o, where 𝐴𝑡𝑗𝑘

 ∈  𝐷𝑗 . Let 𝐶𝐴𝑡𝑗′
𝑘′

 be a 

calculated attribute, where ∀j’ ∈ 𝑁 , ∀k’ ∈ 𝑁 . Let 𝐵𝑐𝑙 be a basic concept, ∀ l=1, .., p. 

Then a hypercube is allowed iff 𝐵𝑐𝑙 ∪ (𝐷𝑗, 𝐴𝑡𝑗𝑘
)𝑗=1

𝑛′  ∪ (𝐶𝐴𝑡𝑗′
𝑘′

)𝑗′=0
𝑙   → 𝜑𝑖. 

 
A forbidden hypercube is defined as a hypercube associated with a basic concept 
that does not determine any fact. 
 
Definition 4.18: Let 𝜑𝑖 be a Fact, ∀ i=1, .., m. Let 𝐷𝑗 be a dimension, ∀j=1, ..,n. Let 

𝐴𝑡𝑗𝑘
 be an attribute of dimension, ∀ k=1, .., o, where 𝐴𝑡𝑗𝑘

 ∈  𝐷𝑗  . Let 𝐶𝐴𝑡𝑗′
𝑘′

 be a 

calculated attribute, ∀j’∈ 𝑁 , ∀𝑘′ ∈ 𝑁 . Let 𝐵𝑐𝑙 be a basic concept, ∀ l=1, .., p. Then a 

hypercube is forbidden iff 𝐵𝑐𝑙 ∪ (𝐷𝑗, 𝐴𝑡𝑗𝑘
)𝑗=1

𝑛′ ∪ (𝐶𝐴𝑡𝑗′
𝑘′

)𝑗′=0
𝑙 → ∅   , where  𝜑𝑖 ≠ ∅. 

 
Figure 4.4 shows the star model of the MDM in the PIM. Each dimension has the 
following attributes: Identifier (or short name), name (or description of the concept), 
time period type, references (It can be null), default (if the concept is by default). The 
base dimension or dimension of basic concepts has the following attributes: Identifier 
(or short name), name (or description of the concept), time period type, balance (it 
can be null). The fact table has the following attributes: Identifier (primary key, pk), 
reference to the dimension (foreign key, fk), unit (Euros, Pounds, dollars,…), 
Precision, time and fact. The unit and the precision can be null, because the fact can 
be non-numeric. In the fact table, the set of external dimensions and the base 
dimension are associated with a unique key (uk). 
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Figure 4.4 Star model in the PIM 

 
 
The first algorithm depicts the extraction of the metadata from the CIM to the PIM: 
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1..* 

1..* 
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start 
begin 

read template; 
repeat 

Gather concepts; Gather domains; read templates; 
until no more templates?; 
repeat 

Review domains; Review concepts; Gather basic concepts; 
until no redundancy?; 
repeat 

Establish root and leaves in tree-like structure of the concepts;  
until Is the tree-like structure correct?; 
repeat 

Gather dimensions; Gather attributes of dimensions; 
until Is it semantically correct?; 
repeat 

Gather calculated attributes; 
until Does the tree-like structure agree with the domain?; 
gather allowed facts; Gather forbidden facts; 
add new calculated user attributes (user constraints); 

end 
end 

 
Algorithm 4.1 Transformation from the CIM in the PIM 

 
Concepts and domains are gathered from the templates in the spreadsheet and are 
then checked to avoid redundancy. The basic concepts are obtained in this phase. 
Then, the tree-like structure of the concepts in the domain is established, except in 
the domain of basic concepts. Now, it is necessary to verify that the trees are well 
built. Then, dimensions and attributes of dimension are collected. It is also necessary 
to verify if the semantics of the dimensions are correct (in a domain there are 1..* 
dimensions with attributes of dimension that are concepts in the same domain. A 
concept can belong to several dimensions of a domain). The next step is to obtain the 
calculated attributes and check that they respect the tree-like structure of the concepts 
in the domain. Then, the allowed and forbidden facts are obtained, and finally, the 
new calculated attributes defined by the user are acquired from different dimensions. 
 
Up to this point all necessary elements for the implementation in a specific database 
are defined. Figure 4.5 shows the fact table of Figures 4.2 and 4.3, the star model in 
the PIM, where ‘To Other’ is ‘To other banks’, ‘RE’ is ‘Real Estate’, and ‘NRE’ is ‘No 
Real Estate’. 
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Figure 4.5 Example of fact table with calculated attributes 

 
 
As it is explained above in this model there are two calculated attributes: CAt1 = (‘To 
bank itself’ + ‘To other banks’) |Loans_1, CAt2=(‘Real Estate’ + ’No Real Estate’) |Assets 

Estate_1 . Finally, it is possible to analyse that Fact 7 is correct, and 8 is wrong. Moreover, 
it is possible to see an allowed hypercube as Fact 7 that is defined as {(BD, Assets), 
(Assets Estate_1, Real Estate), CAt1, (Entity, BNP), (Geography, Germany)}. 
 
Figure 4.6 gives a summary of the set of objects defined in the MDM in UML. In this 
figure, it is possible to see that a domain consists of concepts, and a concept can be 
a basic concept or a non basic concept. A domain can have dimensions. An attribute 
of dimension can belong to different dimensions. A normal concept, which can be an 
attribute of dimension or a calculated attribute, determines a domain, but, it belongs 
to a dimension and a domain. A hypercube consists of pairs (dimension and 
dimension attribute) and/or calculated attributes. The concepts are either user type or 
standard type. 
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Figure 4.6 Summary of the artefacts in UML of the data model in the PIM 

 
Until here, it is shown the structure, definitions and user constraints of the PIM. Now, 
in the next section, it is necessary to verify some constraints of the design in this 
platform. 
 
 

4.4. Semantic Questions about the Design of Metadata in 
the PIM 

In this section, certain questions associated with these semantic reports in this level, 
the PIM, are analysed. It is the aim of the new study and the thesis to obtain solutions 
for these questions. However, if these questions are not resolved in the MDM (the 
PIM), they will be inherited in the SQL (the PSM) and will produce errors at run-time 
or incorrect results. Firstly, the hierarchies are analysed. Secondly, the problems of 
the definition of the type of time period are considered. Thirdly, questions about 
implicit dimensions are discussed. Finally, the cases when several calculated 
attributes affect one fact are discussed. 
 
Hierarchies are used in XBRLDM to give semantics to the metadata. A dimension in 
XBRLDM is composed of concepts (in the MDM, dimension attributes and calculated 
attributes or measures of the dimension), and these concepts are in a hierarchical 
tree structure, with only one root, that in general is the concept by default. In the first 
approach it is necessary to check if only one root exists and the structure does not 
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have cycles. It be test that concepts without leaves do not have any validation 
operations. 
 
The type of time period of the attributes of dimension and of the calculated attributes 
of the same domain must have the same data type. But, in the same way, a basic 
concept also has a type of time period and must have the same data type. A fact is 
the union of a basic concept with the union of pairs <attributes of 
dimension/dimension> and the calculated attributes. How is it possible to ensure that 
both types of time period are the same? And, if they are not the same type, what is 
the correct time period? When the periods have different data types, one solution of 
the IS analyst is sometimes to create another dimension of time and to avoid problems 
in the transformation of the data in the presentation of these, or as input to other 
systems. 
 
Although the attributes of dimension of the implicit dimensions are not validated in the 
XBRLDM, they should at least be verified if these attributes are to correspond with 
the specified type and depending of the result a message can be shown. The attribute 
of implicit dimension is filled out when the report is made, and they are not defined in 
the set of concepts of the taxonomy (in the metadata). Thus, for example, if the 
dimension is a financial entity, it must be tested in the report (XML instance or XBRL 
instance document), and the value should be a set of characters. From a semantic 
point of view, it could even check that the name of the entity has a structure regulated 
by a standard, or if it can be predefined, and in this case can be checked in run-time. 
 
One difference between the MDM and the XBRLDM is on the topic of validation. In 
the MDM a fact can be obtained through a calculated attribute. However, in the 
XBRLDM a fact is not calculated, it is only validated. If the specification is mapped to 
MDM then a calculated attribute is used for validation. There is one more difference: 
a fact can be verified by one or more calculated attributes. 
 
 

4.5. Analysis in the Platform Specific Model (PSM) 

This section analyses the mapping from the PIM to PSM. Table 4.2 shows the 
mapping from the PIM to PSM. In this platform some constructors are not transformed, 
as domains or concepts, because they are not used. Column 1 shows the concept in 
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start 
read dimensions; 
repeat  

read concepts of the dimension of the domain; 
repeat  

if the concept has no associated comparisons 
then the concept is a dimension attribute; 
else if the concept has no leaves 

then the concept is a dimension attribute; 
else begin 

the concept is a calculated attribute; 
read comparison operation; 
read leaf concepts and associated operations; 
end 

read concepts of the dimension of the domain; 
until no more concepts of the dimension; 
read dimensions; 

until no more dimensions; 
end 

 
Algorithm 4.2 Implementation of the metadata model 

 
Until here all necessary elements for the implementation in a specific database are 
defined. The POCs of the author of this thesis is shown in Openfiling (2015), Santos 
and Castro (2011b; 2012a) and Santos and Nieto (2014, 2015). 
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CHAPTER 5. Fundamentals and Basic Concepts of 
the proposal of formulas 

5.1. The Universe of the Discourse 

This chapter focuses on research into the mapping between the XBRL data model 
(XBRLDM) and the multidimensional data model (MDM), as well as its automation 
(Piechocki et al. 2007; Felden 2007). 
 
MDM is a straightforward model that combines objects, dimensions (hierarchies), 
measures and attributes for representing real work business problems (Kimball, 1996-
2004; Inmon, 2005; Jarke et al., 2003). In addition, this model is the heart of On-Line 
Analytical Processing (OLAP), which requires complex queries that can be solved by 
the MDM in real time. 
 
Conversion between the aforementioned models will be made using the Model Driven 
Architecture (MDA) paradigm, which ensures interoperability and solves the problem 
of heterogeneity between systems. The MDA has three phases or levels (OMG, 
2015): Computation Independent Model (the CIM), Platform Independent Model (the 
PIM) and Platform Specific Model (the PSM). As is analysed in more detail below, 
using reverse engineering a conceptual model (the PIM) is obtained from the Formula 
Linkbase of the XBRL specification (the CIM). Following this, the logic model is 
obtained from the conceptual model in the SQL standard (the PSM). At the end, the 
code is obtained. 
 
UML/MDA (OMG, 2015) is a powerful tool that has helped in different areas of 
Information Technology (IT) to model structured and robust systems.  However, the 
techniques of verification and validation of the software is not supported in the 
standard MDA (Cuadra et al., 2011; Aljumaily et al., 2014). For this reason, the main 
contribution of this thesis related to Information Systems is focused to the automatic 
transformation of the models, formalising validation rules in each phase, and with the 
target for validating a high number of rules, which represent hundreds of concepts, 
dimensions, attributes of dimension, cubes, etc. In addition, this research work shows 
a new demonstration of software validation that can be applicable to any field in IT, 
where the semantic interoperability is required. 
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Figure 5.1 General Structure of the transformation XBRL vs. RDBMS 

 
Figure 5.1 presents the general structure of the proposal to be discussed in this 
chapter, enumerating and color-coding the different steps in the mapping process. In 
Step 1, the structure is obtained from XBRL 2.1 Specification (Engel et al. 2008) and 
XBRL Dimensions 1.0 (Hernández-Ros and Wallis, 2006), and the entities, attributes 
and relations from the XBRLDM are created (Santos and Castro, 2010, 2011b, 2011c). 
Among these entities are: Dimensions (explicit dimensions in the XBRLDM); 
dimension attributes, DimAttributes (members in XBRLDM); the link between 
dimensions and dimension attributes, Relation_Dim_AttrDim (arc in XBRLDM); basic 
concepts or PrimaryItems (primary items in XBRLDM); group of dimensions or 
Context (the same in XBRLDM); the relationship between context, dimensions and 
dimension attributes, Context_Dim_AttrDim (arc in XBRLDM); the unit of measure, 
Unit (the same in XBRLDM); the set of instance document headers (used to map from 
the RDBMS to an XBRL instance document), Header; and, finally, that used for a 
common special format for the end user, DataPoint (really is the fact table). 
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In Step 2 of the process (Figure 5.1), the XBRL metadata is created by loading the 
database with dimensions, dimension attributes and relationships (Santos and Castro, 
2011b). For this end, this research work creates an API that generates the SQL 
sentences from the taxonomy. Step 3 of the process corresponds to the generation 
of the validation framework which, as it is the focus of the new proposal, is explained 
in much greater detail in subsequent sections of the paper. 
 
In Step 4, data is loaded from the XBRL instance document into the database. 
According to this process, the instance document is read and the database is filled 
with facts and contexts. Similarly, a parallel process is commenced for the creation of 
an XBRL instance document from the database. Finally, Step 5 obtains the mapping 
from database facts to other tools (and vice versa) commonly used in IT, as well as 
by end users and regulators. 
 
The next section will analyse XBRLDM. The introduction of the XBRL specification is 
studied in section 3. Section 4 proposes the MDA architecture, definitions and 
mathematical formalisation in the MDM from the XBRLDM. Section 5 analyses some 
semantic questions of the XBRL formula specification. Finally, section 6 shows the 
implementation of this research through Proofs of Concept (POCs) and the analysis 
of the phases of the PIM and the code. The validation of this proposal will be in the 
following chapter. 
 
 

5.2. XBRL Data Model and calculations 

XBRL semantic information, separated from application software, uses and extends 
the XML standard. A report or XBRL instance document references a set of XML or 
XBRL Schemas. This set of schemas in the XBRLDM, called a Discoverable 
Taxonomy Set (DTS), specifies the economic concepts needed. Each XBRL Schema 
has roles (linkbases in the XBRLDM), in the chapter 3, section 1 were analysed 
(linkbases in the XBRLDM). The role, Calculation provides simple calculation 
relationships between different elements (basic concepts, dimensions and dimension 
attributes), but does not allow formulas or complex expressions. Valid combinations 
of dimensions are permitted by the role, Dimension; while Formula, the mapping of 
which constitutes the new contribution of this paper, supports complex expressions 
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based on XPath which can be applied to instance documents for the validation of 
information. 
 
A XBRL instance document consists of a header with the XML Schemas referenced, 
as well as the associated roles and dimension set grouped by context, and the items 
(or facts in the MDM). For each item (in the XBRLDM) in the instance document, 
dimensions and primary item (basic concept in the MDM) are associated through the 
context. Each XBRL or XML Schema may have 0, 1 or n roles depending on the role 
type. In this specification, a primary item in the XBRLDM defines a dimensionless fact 
schema in the MDM (Hernández-Ros and Wallis, 2006; Martín Quetglás, 2006; Engel 
et al., 2008; Schmehl and Ochocki, 2009). A basic concept defines a fact schema, but 
with the unit of measure, type and, if it is numeric, a precision of a specific number of 
decimal places. For example, the primary item, Asset, could belong to the equities or 
risk dimension. The context contains information about a fact or set of facts. 
Furthermore, it is associated with an entity or financial institution for a specified period 
and includes a meaning for businesses through a segment and a scenario (both being 
dimensions sets in the MDM). The scenario shows the specific dimension-dimension 
attribute pairs from business logic. 
 
 

5.3. Introduction to XBRL formula specification 

In this section, the XBRL Formula specification is analyzed from the MDM, and a set 
of rules and definitions are developed in next sections. 
 
This specification defines a set of validations over certain given facts (XBRL 
International, 2009). These definitions have syntax and a set of rules. Prior to the 
release of XBRL 2.1 (Engel et al., 2008), the version currently used, the previous 
version, XBRL 1.0 (Hamscher and Kannon, 2000), was based on hierarchies with a 
tree structure, since XML, the language on which it was based, is hierarchical. Thus, 
XBRL, prior to the 2.1 version operated with a set of limitations. An example of a 
XBRL instance document generated under these limitations is presented in Figure 5.2 
(XBRL International and Novartis International AG, Samples XBRL 1.0, 2002), 
consisting of a set of basic concepts with a set of dimension-dimension attribute pairs 
(Santos and Castro, 2011a, 2011c). The example is presented graphically in Figure 
5.3. 
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Figure 5.2 Example of hierarchical report 
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Figure 5.3 Graphic design of the report of the example of Figure 5.2 

 
 
In Figure 5.4, the same report is displayed with its hierarchical structure. However, 
with XBRLDM 1.0, dimensions are not used exhaustively and only hierarchies are 
used. Despite this limited use of dimensions, operating with different dimensions or, 
in other words, different contexts is not possible. For example, while in Figure 5.3 it is 
possible to compare two facts on the same date (i.e., same context), it is not possible 
to compare two facts from two different dates. Nevertheless, there is a dimension in 
each level of the hierarchy with dimension attributes and basic concepts. In general, 
each branch of a hierarchy is the sum of its branches. In other words, it is possible to 
operate with basic concepts that have the same dimension-dimension attribute pair 
set (i.e., same context) (Figure 5.4). Thus, it is possible to find total assets to be equal 
to the sum of total long-term assets and total current assets, however, only for 
December 31, 2001 and not between December 31, 2001 and 2000. For example, it 
is not possible to validate total assets for December 31, 2000 as being the sum of 
total long-term assets for December 31, 2001 and total current assets for December 
31, 2001, as shown in Figures 5.3 and 5.4. 
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Figura 5.4 Hierarchical structure of the report of Figure 5.2 

 
Whereas Calculation works in hierarchies (XBRLDM) or, in other words, with a single 
context, it does not work, however, with multiple contexts (Santos and Castro, 2010, 
2011a, 2011c). In XBRL 1.0, the dimensions are entity, period of time, basic concepts 
(i.e., set of basic concepts) and a set of dimensions defined by the scenario (0..n 
dimensions) and the segment (1 dimension). The current version of the standard, 
XBRL 2.1, was created in direct response to business users requiring the inclusion of 
more information with more complex structures and validation rules (Hernández-Ros 
and Wallis, 2006; Engel et al., 2008). 
 
Validation constitutes an important aim in any XBRL instance document, and 
arithmetic and logical operations, as well as functions based on previous operations, 
are necessary in any validation. The most important advance in XBRL formula 
specification, however, is the ability to perform operations with different facts with 
different dimensions or contexts. If the validation is performed in the destination, any 
language, including COBOL, Java or .Net, may be used. However, as validation 
occurs at the document origin, a standard is necessary. These were provided with the 
publication of XBRL Dimensions 1.0 specification (Hernández-Ros and Wallis,  2006) 
and XBRL Formula 1.0 Specification (XBRL International, 2009), respectively. 
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5.4. Definitions and semantics of XBRL formula 
specification 

This thesis proposes an approach of the MDA in the mapping between XBRL formulas 
and a database (Figure 5.5). 
 

 
Figure 5.5 Automatic conversion of formulas between XBRL instance documents and Databases 
using MDA 

 
 
The CIM model in this research work is the set of XBRL instance documents, the 
taxonomies and XBRL Formula Specification (sections 5.2 and 5.3). In this section, 
rules and definitions from the CIM are obtained, through XBRL Formula Specification. 
The PIM used in this proposal is based on UML, which is a star model, the MDM 
(Boixo and Flores, 2005; Piechocki et al., 2007; Felden, 2007; Schmehl and Ochocki, 
2009). The set of constrains, dimensions and dimension attributes are collected in an 
automatic way from a taxonomy and its algorithm is shown in Figure 5.12. The PSM 
is a set of stored procedures or programmes in Cobol, C++, etc. The algorithm will 
show the mapping from the PIM to the PSM. In the Code 5.1 an example of code SQL 
is depicted. 
 
The process of validation is divided in two phases (Figure 5.5). The first phase is to 
test the UML star model / MDM (the PIM), from the XBRL taxonomies and the XBRL 



  

CHAPTER 5 – Fundamentals and Basic Concepts of the proposal of formulas 87 

reports, and the second one is to validate the set of stored procedures using ROLAP 
technology. The star model is validated with a comparison among the dimensions, 
dimension attributes, and constraints in the MDM and the XBRLDM (Chapter 6). 
 
In this section, a set of eleven definitions and rules used in this specification are 
proposed, but in the MDM from the XBRLDM. As the proposal is based on the MDM 
(or star model in UML, the PIM), the author believe that it simplifies the concepts and 
rules, making them more comprehensible for users. Additionally, this section presents 
a new dimension to the proposal by offering a novel mathematical formalization 
(formal language in the MDM). Finally, a more detailed example is given at the end of 
the section.  
 
The formulas below are located in one or several documents, with each document 
consisting of assertions. In the Oxford English Dictionary (OED, 2010 ed.), assertion 
is a confident and forceful statement of fact or belief. Then, each XBRL instance 
document can have 0..* XML documents of the role formula, each of the latter 
consisting of a set of (1..*) assertions. The assertions are used to verify an expression 
or condition. The following paragraphs present the new definitions used in the XBRL 
formula specification. 
 
Definition 5.1: A fact is a value representing a particular measurement provided by 

the reporting entity. 

 
Definition 5.2: An assertion is a general constraint that does refer to a fact or set of 

facts. 

 
A formula document consists of a set of groups of assertions. Although each group of 
assertions can belong logically to a specific XBRL instance document, it is not 
possible to know for sure if this is the case. Each definition of assertion should have 
one name in an XML document of formula. The assertions are grouped into sets, each 
of which being logically related to an XBRL instance document and starting with the 
tag assertionSet. Thus, each instance document must be validated against all 
assertions of all formula documents, whether or not they belong to the group of 
assertions from the XBRL instance document. For this reason, it is very common to 
find XBRL instance documents that must be validated with a large set of assertions 
not used in the instance document. 
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Definition 5.3: A filter is set of dimensions whose assertion is confined. 

 
A filter is a set of dimension-member pairs in the XBRLDM or of dimension-dimension 
attributes pairs in the MDM (XBRL International, 2009a, 2009b). 
 
Definition 5.4: An implicit filter is a constraint inherent in all facts circumscribed by an 

assertion (i.e., the assertion is constrained to the facts circumscribed by the set of 

dimension-dimension attribute inherent pairs.). 

 
The implicit filters as inherent constraints are not written in the assertion. By default, 
there are always implicit filters in an assertion in the XBRLDM save in the case where, 
the parameter of the assertion @implicitFiltering being false, the default is true. The 
implicit filter consists of a set of dimension-dimension attribute pairs which are 
common to all facts of the assertion. The implicit filters by default are entity, period of 
time and unit. 
 
Definition 5.5: An explicit filter is a semantic constraint to which all facts, groups of 

facts or assertion facts are circumscribed. 

 
According to the syntax of the assertion, the constraint can be circumscribed to 
different environments in the assertion. 
 
In the OED, concept is an idea or mental image which corresponds to some distinct 
entity or class of entities, which corresponds to the entity or entities’ essential features 
or which determines the application of a term (particularly a predicate) and thus plays 
a part in the use of reason or language. In the XBRLDM, a concept is that which that 
defines a dimension, a dimension attribute or a basic concept. 
 
Definition 5.6: A basic concept defines the name of a concept by type, precision and 

unit of measure (Santos and Castro, 2011c). 

 
In the instance document for the example report from Figures 5.2, 5.3 and 5.4 (XBRL 
International and Novartis International AG, 2002), intangible assets is a basic 
concept insofar as it defines a financial concept, has a monetary type and a unit of 
measure which, in this case, is iso4217:CHF. In ISO 4217, published by the 
International Standards Organization, the currency of Swiss francs (used in 
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Switzerland and Liechtenstein) is defined with the country code CHF. Furthermore, 
the basic concept has a precision indicating the number of decimal places to be used 
in the calculation, for example, precision='18'. 
 
A basic concept can be analysed as an attribute of the dimension primary Items or 
basic concepts. 
 
Definition 5.7: A constant is a value or expression yielding one result and whose 

expression is deterministic. 

 
A constant can be, for example, var_BasicThreshold4 where var_BasicThreshold4 is 
the name of the constant. Although it may have a value of 3 or (4 idiv 2 + 1) * 1000, 
the value will always be unique. The idiv operator indicates division without decimals. 
 
An assertion consists of the assertion definition, parameters, constants, preconditions, 
variables and filters. An assertion has an input and output, with the former consisting 
of the facts to be validated and the latter being the result of the validation. 
 
Definition 5.8: A variable is an atomic element of an expression in an assertion which 

depicts a fact or group of facts. 

 
A variable can consist of dimensions, dimension attributes, constants, preconditions 
and other formulas (Morilla, 2008; XBRL International, 2009c; Fischer, 2011). Each 
variable in each assertion has one name which begins with $. The dimensions and 
their attributes constitute the explicit filters. A variable has parameters in the XBRLDM 
which, in the MDM, are variable attributes since they define variable properties. 
 
From these definitions, the following rules can be developed: 
 
 
Rule 5.1: A variable can have explicit dimensions. 

 
𝐿𝑒𝑡 𝜈 𝑏𝑒 𝑎 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒. 𝐿𝑒𝑡 𝐷𝐸𝑖 𝑏𝑒 𝑎 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 𝜖 𝐷, 𝑤ℎ𝑒𝑟𝑒 𝐷 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 𝑎𝑛𝑑 

∀ 𝑖 = 1, 2, . . , 𝑛. 𝐿𝑒𝑡 𝐴𝑡𝑗 𝑏𝑒 𝑎𝑛 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑜𝑓 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 ∈ 𝐷𝐸𝑖, ∀ 𝑗 = 1, . . , 𝑛. 𝑇ℎ𝑒𝑛 𝜈 𝑖𝑠   

〈𝐷𝐸𝑘𝐴𝑡𝑙〉𝑘=0
𝑛 ,   ∀ 𝑙 = 1, . . , 𝑛. 
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Rule 5.2: An assertion can have implicit dimensions (i.e., those inherent to the design) 

which are concealed in the assertion. 

 
𝐿𝑒𝑡 𝛿 𝑏𝑒 𝑎𝑛 𝑎𝑠𝑠𝑒𝑟𝑡𝑖𝑜𝑛. 𝐿𝑒𝑡 𝐷𝐼𝑖 𝑏𝑒 𝑎 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 𝜖 𝐷, 𝑤ℎ𝑒𝑟𝑒 𝐷 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠,  

∀ 𝑖  =  1, . . . , 𝑛.  𝐿𝑒𝑡 𝐴𝑡𝑗 𝑏𝑒 𝑎𝑛 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑜𝑓 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 ∈  𝐷𝐼𝑖, ∀ 𝑗 =  1, . . , 𝑛. 

 𝑇ℎ𝑒𝑛 𝛿 ℎ𝑎𝑠 〈𝐷𝐼𝑘, 𝐴𝑡𝑙〉𝑘=0
𝑛 , ∀ 𝑙 = 1, . . , 𝑛. 

 
Rule 5.3: An assertion can have explicit dimensions which appear in the assertion as 

an explicit filter in the XBRLDM. 

 
𝐿𝑒𝑡 𝛿 𝑏𝑒 𝑎𝑛 𝑎𝑠𝑠𝑒𝑟𝑡𝑖𝑜𝑛. 𝐿𝑒𝑡 𝐷𝐸𝑖 𝑏𝑒 𝑎 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 𝜖 𝐷, 𝑤ℎ𝑒𝑟𝑒 𝐷 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 

 ∀ 𝑖 =  1, . . . , 𝑛. 𝐿𝑒𝑡 𝐴𝑡𝑗 𝑏𝑒 𝑎𝑛 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑜𝑓 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 ∈  𝐷𝐸𝑖, ∀ 𝑗 = 1, . . , 𝑛. 

𝑇ℎ𝑒𝑛, 𝛿 ℎ𝑎𝑠 〈𝐷𝐸𝑘𝐴𝑡𝑙〉𝑘=0
𝑛 , ∀ 𝑙 = 1, . . , 𝑛. 

 
Rule 5.4: A variable, with its attributes, explicit filters and general filters (implicit or 

explicit) of the assertion, determines from 0 to n facts. 

 
𝐿𝑒𝑡 𝛿 𝑏𝑒 𝑎𝑛 𝑎𝑠𝑠𝑒𝑟𝑡𝑖𝑜𝑛. 〈𝐷𝐼𝑘, 𝐴𝑡𝑙〉𝑘=0

𝑛 , ∀ 𝑙 = 1, . . , 𝑛, 𝑤ℎ𝑒𝑟𝑒 𝐷𝐼 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑖𝑚𝑝𝑙𝑖𝑐𝑖𝑡  

𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 ∈  𝛿. 𝐴𝑙𝑠𝑜, 〈𝐷𝐸𝑘𝐴𝑡𝑜〉𝑘=0
𝑛 , ∀ 𝑜 = 1, . . , 𝑛, 𝑤ℎ𝑒𝑟𝑒 𝐷𝐸 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑒𝑥𝑝𝑙𝑖𝑐𝑖𝑡  

𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 ∈  𝛿. 𝐿𝑒𝑡 𝜈 𝑏𝑒 𝑎 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒, 𝑎𝑛𝑑  〈𝐷𝑉𝐸𝑘𝐴𝑡𝑝〉𝑘=0
𝑛 , ∀ 𝑝 = 1, . . , 𝑛, 𝑤ℎ𝑒𝑟𝑒  

𝐷𝑉𝐸 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑒𝑥𝑝𝑙𝑖𝑐𝑖𝑡 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 ∈  𝜈. 𝐿𝑒𝑡 𝜑 𝑏𝑒 𝑎 𝑓𝑎𝑐𝑡 𝜖 𝜈.  

𝑇ℎ𝑒𝑛, 〈𝐷𝐼𝑘𝐴𝑡𝑙〉𝑘=0
𝑛  𝑎𝑛𝑑 〈𝐷𝐸𝑘𝐴𝑡𝑜〉𝑘=0

𝑛   𝑎𝑛𝑑  〈𝐷𝑉𝐸𝑘𝐴𝑡𝑝〉𝑘=0
𝑛  →→ 𝜑 𝑜𝑟 𝑖𝑠 ∅. 

 
Rule 5.5: An assertion validates a set of facts through an expression. 

 
𝐿𝑒𝑡 Χ 𝑏𝑒 𝑎 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛. 𝐿𝑒𝑡 𝜎 𝑎𝑛 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛, 𝑤ℎ𝑒𝑟𝑒 𝜎 ∈ 𝐵𝑜𝑜𝑙𝑒𝑎𝑛 𝑑𝑎𝑡𝑎 𝑡𝑦𝑝𝑒.  

 𝑇ℎ𝑒 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 Χ, Θ (Χ) →  𝜎, 𝑎𝑛𝑑 𝜎 𝑖𝑠 𝑎 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑠𝑡𝑖𝑐 𝑟𝑒𝑠𝑢𝑙𝑡. 𝜎 𝑖𝑠 𝑡𝑟𝑢𝑒 𝑜𝑟 𝑓𝑎𝑙𝑠𝑒. 

 
Definition 5.9: The parameter fallbackValue (in the XBRLDM) or variable attribute (in 

the MDM) defines a value by default for a fact or set of facts if the latter is null. 

 
Through the implicit and explicit filters, a variable defines a fact or a set of facts. If a 
fact or a set of facts is null, then it has the default value of the parameter fallbackValue 
for the given variable if fallbackValue is not null. An example of this is shown below. 
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If the fact or set of facts obtained from a variable is null and the attribute fallbackValue 
is also null, then the assertion is not validated. 
 
From these definitions, the following rules can be inferred: 
 
Rule 5.6: If the fact obtained by the variable is null and the attribute of the 

fallbackValue variable exists, then fact has the value of fallbackValue. 

 
𝐿𝑒𝑡 𝜈 𝑏𝑒 𝑎 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒. 𝐿𝑒𝑡 𝜑ℎ  𝑏𝑒 𝑎 𝑠𝑒𝑡 𝑜𝑓 𝑓𝑎𝑐𝑡𝑠 𝜖 𝜈, ∀ ℎ = 1, . . , 𝑛, 𝑎𝑛𝑑 fallbackValue ≠   

null, fallbackValue 𝜖 𝜈, 𝑎𝑛𝑑 𝜑ℎ  = 𝑛𝑢𝑙𝑙, 𝑡ℎ𝑒𝑛 𝜑ℎ ∷= fallbackValue. 

 
Rule 5.7: An assertion validates a set of facts through an expression. An expression 

consists of a set of variables which perform operations between them. The result of 

the assertion is Boolean, that is, either true or false. 

 
𝐿𝑒𝑡 𝛿 𝑏𝑒 𝑎𝑛 𝑎𝑠𝑠𝑒𝑟𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 Χ 𝑎 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛.  

𝐿𝑒𝑡 𝜎 𝑏𝑒 𝑎𝑛 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛, 𝑤ℎ𝑒𝑟𝑒 𝜎 ∈ 𝐵𝑜𝑜𝑙𝑒𝑎𝑛 𝑑𝑎𝑡𝑎 𝑡𝑦𝑝𝑒. 𝐿𝑒𝑡 𝜐𝑖 , ∀ 𝑖 =

1, . . , 𝑛, 𝑎 𝑠𝑒𝑡 𝑜𝑓 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑤ℎ𝑒𝑟𝑒 𝜐𝑖 ∈  𝛿. 𝑤ℎ𝑒𝑟𝑒 Χ =

(𝜐1 , . . , 𝜐𝑛 ). 𝑇ℎ𝑒 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 Χ, Θ (Χ) →  𝜎. 𝜎 𝑖𝑠 𝑡𝑟𝑢𝑒 𝑜𝑟 𝑓𝑎𝑙𝑠𝑒. 

 
Rule 5.8: An assertion validates a set of facts through an expression. An expression 

consists of a set of variables, filters (i.e., dimension constraints) and constants that 

perform operations between them and determine a set of facts. If the facts do not exist 

or a fact in the expression is null, the assertion is not evaluated. 

 
𝐿𝑒𝑡 𝛿 𝑏𝑒 𝑎𝑛 𝑎𝑠𝑠𝑒𝑟𝑡𝑖𝑜𝑛.  

 𝐿𝑒𝑡 Χ 𝑏𝑒 𝑎 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑎𝑛𝑑 Χ ∈  𝛿. Χ 𝑖𝑠 𝑡ℎ𝑒 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛  𝑡𝑜 𝑏𝑒 𝑣𝑎𝑙𝑖𝑑𝑎𝑡𝑒𝑑. 

𝐿𝑒𝑡 𝜈𝑗 𝑏𝑒 𝑎 𝑠𝑒𝑡 𝑜𝑓 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑤ℎ𝑒𝑟𝑒 𝜈𝑗  ∈  𝛿 𝑎𝑛𝑑  ∀ 𝑗 = 1, . . . , 𝑚.  

𝐿𝑒𝑡 𝜑ℎ  𝑏𝑒 𝑎 𝑠𝑒𝑡 𝑜𝑓 𝑓𝑎𝑐𝑡𝑠 𝜖 𝜈ℎ, ∀ ℎ = 1, . . , 𝑛 . 𝑇ℎ𝑒𝑛, 𝛿 𝑖𝑠 𝑡𝑟𝑢𝑒 𝑖𝑓(Θ(𝜐1(𝜑ℎ ), . .,

𝜐𝑚(𝜑ℎ)))ℎ=1
𝑛   →  𝑇𝑟𝑢𝑒. 𝐼𝑓 𝑛𝑜𝑡, 𝛿 𝑖𝑠 𝑓𝑎𝑙𝑠𝑒 𝑤ℎ𝑒𝑟𝑒 Χ = (Θ(𝜐1(𝜑ℎ ), . . ., 𝜐𝑚(𝜑ℎ)))ℎ=1

𝑛   

∀𝜑ℎ  , 𝑤ℎ𝑒𝑟𝑒 ℎ = 1, . . , 𝑛. 𝐵𝑢𝑡 𝑖𝑓 𝜑ℎ → ∅ 𝑡ℎ𝑒𝑛 Θ(Χ) 𝑖𝑠 𝑛𝑜𝑡 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑. 

 
Definition 5.10: The parameter Precondition, or variable attribute or assertion, 

defines the facts that can be evaluated. 
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If the fact or set of facts obtained in a variable or an assertion does not fulfil the 
precondition, it is not evaluated. 
 
From this set of definitions, the following rules can be inferred: 
 
Rule 5.9: A variable precondition is an expression that evaluates the facts obtained 

by the variable. If the fact fulfils the precondition, the fact is evaluated in the assertion. 

Otherwise it is not evaluated. In the latter case, the assertion is evaluated, but without 

the facts that do not fulfil the precondition. 

 
𝐿𝑒𝑡 𝛿 𝑏𝑒 𝑎𝑛 𝑎𝑠𝑠𝑒𝑟𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑙𝑒𝑡 𝜈 𝑏𝑒 𝑎 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒, 𝑤ℎ𝑒𝑟𝑒  𝜈 ∈ 𝛿.  

𝐿𝑒𝑡 Υ 𝑏𝑒 𝑎 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛. 𝐿𝑒𝑡 𝜑 𝑏𝑒 𝑎 𝑓𝑎𝑐𝑡, 𝑤ℎ𝑒𝑟𝑒 𝜑 ∈ 𝜐. 

𝐿𝑒𝑡 Ζ 𝑏𝑒 𝑎 𝑝𝑟𝑒𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛, 𝑤ℎ𝑒𝑟𝑒 Ζ ∈ Υ.  

𝐼𝑓 𝜑 𝑐𝑎𝑟𝑟𝑖𝑒𝑠 𝑜𝑢𝑡 Υ, 𝑡ℎ𝑒𝑛 𝜑 𝑖𝑠 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑. 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒, 𝜑 𝑖𝑠 𝑖𝑔𝑛𝑜𝑟𝑒𝑑. 

 
This can be explained through propositional logic, namely: 
 
𝐿𝑒𝑡 𝑝𝑟𝑒𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑅𝑢𝑙𝑒 (𝜑, Υ, Γ) 𝑏𝑒 𝑎 𝑟𝑢𝑙𝑒, 𝑤ℎ𝑒𝑟𝑒 Γ  𝑖𝑠 𝑡ℎ𝑒 𝑟𝑒𝑠𝑢𝑙𝑡 𝑜𝑓 𝑐ℎ𝑒𝑐𝑘𝑖𝑛𝑔 𝜑 𝑖𝑛 Υ.  

𝐴𝑛𝑑 𝑙𝑒𝑡 𝑖𝑡 𝑏𝑒 𝑒𝑣𝑎𝑙𝑢𝑎𝑏𝑙𝑒(Γ) {
1 𝑖𝑓 Γ 𝑖𝑠 𝑡𝑟𝑢𝑒.
0 𝑖𝑓 Γ 𝑖𝑠 𝑓𝑎𝑙𝑠𝑒.

  Then, the semantic rule preconditionRule is 

defined as ∀ 𝜑, Υ, Γ (Γ, 𝑝𝑟𝑒𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑅𝑢𝑙𝑒(𝜑, Υ, Γ) → 𝑇𝑟𝑢𝑒(Γ)). 

 
Rule 5.10: A precondition in an assertion is an expression that evaluates the facts of 

the assertion. If the fact fulfils the precondition, the fact it is evaluated. Otherwise, it 

is not. In the latter case, the assertion is evaluated, but without the facts that do not 

fulfil the precondition. 

 
𝐿𝑒𝑡 𝛿 𝑏𝑒 𝑎𝑛 𝑎𝑠𝑠𝑒𝑟𝑡𝑖𝑜𝑛. 𝐿𝑒𝑡 Υ 𝑏𝑒 𝑎  𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛. 

𝐿𝑒𝑡 𝜑 𝑏𝑒 𝑎 𝑓𝑎𝑐𝑡 ∈  𝛿.  𝐿𝑒𝑡 Ζ 𝑏𝑒 𝑎  𝑝𝑟𝑒𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛, 𝑤ℎ𝑒𝑟𝑒 Ζ ∈ Υ,  𝑎𝑛𝑑 Ζ ∈  𝛿. 

𝐼𝑓 𝜑 𝑓𝑢𝑙𝑓𝑖𝑙𝑠 Υ, 𝑡ℎ𝑒𝑛 𝜑 𝑖𝑠 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑.   𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒, 𝜑 𝑖𝑠 𝑖𝑔𝑛𝑜𝑟𝑒𝑑. 

 
This rule can be explained with propositional logic, namely: 
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𝐿𝑒𝑡 𝑝𝑟𝑒𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑅𝑢𝑙𝑒 (𝜑, Υ, Γ) 𝑏𝑒 𝑎 𝑟𝑢𝑙𝑒, 𝑤ℎ𝑒𝑟𝑒 Γ  𝑖𝑠 𝑡ℎ𝑒   𝑟𝑒𝑠𝑢𝑙𝑡 𝑜𝑓 𝑐ℎ𝑒𝑐𝑘𝑖𝑛𝑔 𝜑 𝑖𝑛 Υ.  

𝐴𝑛𝑑 𝑙𝑒𝑡 𝑖𝑡 𝑏𝑒 𝑒𝑣𝑎𝑙𝑢𝑎𝑏𝑙𝑒(Γ) {
1 𝑖𝑓 Γ 𝑖𝑠 𝑡𝑟𝑢𝑒.
0 𝑖𝑓 Γ 𝑖𝑠 𝑓𝑎𝑙𝑠𝑒.

  Then, the semantic rule preconditionRule is 

defined as ∀ 𝜑, Υ, Γ (Γ, 𝑝𝑟𝑒𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑅𝑢𝑙𝑒(𝜑, Υ, Γ) → 𝑇𝑟𝑢𝑒(Γ)).  

 
Definition 5.11: A filter group defines a set of explicit filters to which all assertions are 

circumscribed. 

 
This set of filters is a set of dimension-dimension attribute pairs, where each pair is 
matched independently with all variables. For example, for an explicit filter group (D1, 
A1), (D1, A3), where D1 is a dimension and A1, A3 are dimension attributes, 
supposing a variable with an explicit filter, in this case a basic concept (Primary Items, 
C1), then the facts to be evaluated are: 
 

 (D1, A1) and C1→ Fact1. 

 (D1, A3) and C1→ Fact2. 

 
While ((D1, A1), (D1, A3), C1) → Fact3 is not evaluated. 
 
From here, it is possible to deduce the following rule: 
 
Rule 5.11: A set of dimension-dimension attribute pairs in an assertion can be defined 

and is named filter group. 

 
𝐿𝑒𝑡 𝛿 𝑏𝑒 𝑎𝑛 𝑎𝑠𝑠𝑒𝑟𝑡𝑖𝑜𝑛.   𝐿𝑒𝑡 〈𝐷𝐸𝑘𝐴𝑡𝑙〉𝑘=0

𝑛  𝑏𝑒 𝑎 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 𝑔𝑟𝑜𝑢𝑝, ∀ 𝑙 = 1, . . , 𝑚, 𝑤ℎ𝑒𝑟𝑒  

𝐷𝐸 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑒𝑥𝑝𝑙𝑖𝑐𝑖𝑡 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 ∈  𝛿. 𝑇ℎ𝑒𝑛, 〈𝐷𝐸𝑘𝐴𝑡𝑙〉𝑘=1
𝑛  𝑖𝑠 𝑎 𝑓𝑖𝑙𝑡𝑒𝑟 𝑔𝑟𝑜𝑢𝑝 (𝐹𝐺).  

𝐿𝑒𝑡 𝜑𝑞=1
𝑛  𝑏𝑒  𝑓𝑎𝑐𝑡𝑠 ∈  𝜐𝑖 ∈  𝛿.   𝑇ℎ𝑒𝑛,  ((𝐷𝐸𝑘𝐴𝑡𝑙)  ∪  (𝐷𝐼ℎ𝐴𝑡𝑜) ∪ (𝐷𝑉𝑣𝐴𝑡𝑝))

𝑘=1

𝑛
→   𝜑𝑞 ,   

∀ 𝑘 = 0, . . , 𝑛, ∀ 𝑙 = 0, . . , 𝑚, ∀ ℎ = 0, . . , 𝑛,   ∀ 𝑜 = 0, . . , 𝑛, ∀ 𝑣 = 0, . . , 𝑛, ∀ 𝑝 = 0, . . , 𝑛. 

 
Table 5.1 shows the mapping from XBRLDM formulas to the MDM, i.e. the mapping 
from the CIM to the PIM. Where the column 1 shows the number of definition, the 
column 2 depicted the definition in the XBRLDM and the column 3 the mapping to the 
MDM or the UML star model. 
 
Table 5.1 From the CIM to the PIM 
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assertionSet        assertionSet  
 
valueAssertion     val_6610-sh-2 
 ((($creditInstitutions + $InsuranceEntities + $otherEntities + 
 $settlementAdjustments) eq $TotalGroupEntities) and ($TotalGroupEntities eq 0)) 
 
conceptName     ifrs-gp:InvestmentsInSubsidiariesAtCost  
 
factVariable  $creditInstitutions fallbackValue =0   
explicitDimension CreditInstitutionConsolidatedGroup  
sp-bs-d-FR-dist:DistributionDimension  
 
factVariable  $InsuranceEntities fallbackValue =0 
explicitDimension InsuranceEntities 
sp-bs-d-FR-dist:DistributionDimension  
 
factVariable  $otherEntities fallbackValue =0  
explicitDimension otherEntities 
sp-bs-d-FR-dist:DistributionDimension  
 
factVariable  $settlementAdjustments fallbackValue =0  
explicitDimension settlementAdjustments 
sp-bs-d-FR-dist:DistributionDimension 
 
factVariable  $TotalGroupEntities 
explicitDimension TotalSectorial 
sp-bs-d-FR-dist:DistributionDimension 

Figure 5.6 Example of the assertion val_6610sh-2 
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Figure 5.7 Example of the assertion val_6610sh-2 presented graphically 

 
 
A set of assertions begins with the tag assertionSet. Normally, this group is related to 
a XBRL instance document, in this case to the 6610 report; however, the association 
is only logical, as there are no ways to identify the set with an XBRL instance 
document. 
 
The assertion starts with the assertion name, here val_6610-sh-2, and then the 
expression to be validated (see Figure 5.6): 
 
((($creditInstitutions + $InsuranceEntities + $otherEntities + 
$settlementAdjustments) eq $TotalGroupEntities) and ($TotalGroupEntities eq 0)) 
 
The above expression consists of five variables, namely: $creditInstitutions, 
$InsuranceEntities, $otherEntities, $settlementAdjustments and $TotalGroupEntities. 
This expression means that, on the one hand, the sum of $creditInstitutions, 
$InsuranceEntities, $otherEntities and $settlementAdjustments must be equal to 
$TotalGroupEntities and that, on the other hand, $TotalGroupEntities must be equal 
to zero. 
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Following the variables appears conceptName ifrs-
gp:InvestmentsInSubsidiariesAtCost, an explicit filter. With the tag conceptName, the 
dimension can be identified as basic concepts, the dimension attribute as ifrs-
gp:InvestmentsInSubsidiariesAtCost and the dimension-dimension attribute pair as 
(basic concepts, ifrs-gp:InvestmentsInSubsidiariesAtCost). In the basic concept, ifrs-
gp denotes the IFRS General Purpose taxonomy while 
InvestmentsInSubsidiariesAtCost denotes the basic concept. 
 
Variables appear after the definition of the assertion: 
 
factVariable  $creditInstitutionsfallbackValue =0   
 explicitDimension CreditInstitutionConsolidatedGroup  
sp-bs-d-FR-dist:DistributionDimension 

 
In the above, factVariable is the tag, while the variable, whose name begins with $, is 
$creditInstitutions. The attribute fallbackValue is also defined and, as fallbackValue = 
0, all facts determined by the variable as having a null value (i.e., the fact does not 
exist) are given the fallbackValue of zero here. Following this, the explicit filter or 
dimension-dimension attribute pair appears which, in this case, is (sp-bs-d-FR-
dist:DistributionDimension, CreditInstitutionConsolidatedGroup). In the dimension, sp 
denotes Spain, bs the Bank of Spain, d dimension, FR the FINREP general taxonomy 
and dist distribution. Thus, sp-bs-d-FR-dist is a logical name of the concept referring 
to the taxonomy. In this report, there are three implicit filters, namely, Period of time, 
Entity and Currency. These implicit filters in the formula are not shown here. 
 
 

5.5. Semantic questions of the XBRL formula 
specification 

One particular problem arises when the instance document uses implicit filters and a 
fact is null. For example, let $A, $B and $C be variables for a validation rule 
$A=$B+$C and let each variable have a different explicit filter whose basic concept is 
C1, C2 and C3, respectively. Regarding implicit filters (dimensions) Entity and 
TimePeriod, it can be supposed that the former has dimension attributes E1 and E2, 
while the latter has only one dimension attribute T1. Let the example also have the 
facts FA1, FA2, FB1, FB2, FC1 and FC2 where: 
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1 𝐶1 ∪ 𝐸1 ∪ 𝑇1 → 𝐹𝐴1 

2 𝐶1 ∪ 𝐸2 ∪ 𝑇1 → 𝐹𝐴2 

3 𝐶2 ∪ 𝐸1 ∪ 𝑇1 → 𝐹𝐵1 

4 𝐶2 ∪ 𝐸2 ∪ 𝑇1 → 𝐹𝐵2 

5 𝐶3 ∪ 𝐸1 ∪ 𝑇1 → 𝐹𝐶1 

6 𝐶3 ∪ 𝐸2 ∪ 𝑇1 → 𝐹𝐶2 

 
Next, it is analysed when, for example, the variable $A does not have the attribute 
fallbackValue and the fact FA2 is also null (Figure 5.8). 
 

Figure 5.8 Example with null fact 

 
The XBRL processor or DBMS must validate: 
 

1 𝐹𝐴1 = 𝐹𝐵1 + 𝐹𝐶1 

2 𝐹𝐴2 = 𝐹𝐵2 + 𝐹𝐶2 

 
Since FA2 is null according to Rule 5.8 as shown above, the assertion FA2=FB2+FC2 
is not validated. 
 
Another potentially problematic case is when the instance document uses implicit 
filters and a variable has two facts, since it contains an additional dimension (i.e., 



  

CHAPTER 5 – Fundamentals and Basic Concepts of the proposal of formulas 99 

explicit filter) compared to the other variables. For example, let $A, $B and $C be 
variables for a validation rule $A=$B+$C and let each variable have a different explicit 
filter whose basic concept is C1, C2 and C3, respectively. Regarding the implicit filters 
(dimensions) Entity and TimePeriod, it can be supposed that the former possesses 
the dimension attributes E1 and E2, while the later possesses only one, T1. Let the 
example be for the facts FA1, FA2, FB1, FB2, FC1 and FC2 where: 
 

1 𝐶1 ∪ 𝐸1 ∪ 𝑇1 → 𝐹𝐴1 

2 𝐶1 ∪ 𝐸2 ∪ 𝑇1 → 𝐹𝐴2 

3 𝐶2 ∪ 𝐸1 ∪ 𝑇1 → 𝐹𝐵1 

4 𝐶2 ∪ 𝐸2 ∪ 𝑇1 → 𝐹𝐵2 

5 𝐶3 ∪ 𝐸1 ∪ 𝑇1 → 𝐹𝐶1 

6 𝐶3 ∪ 𝐸2 ∪ 𝑇1 → 𝐹𝐶2 

 
The XBRL processor or DBMS must validate: 
 

1 𝐹𝐴1 = 𝐹𝐵1 + 𝐹𝐶1 

2 𝐹𝐴2 = 𝐹𝐵2 + 𝐹𝐶2 

 
If another dimension is involved in a fact – for example, the dimension D1 with 
attributes A1, A2, A3,… – then, if C1 ∪E2 ∪T1 ∪(D1,A1) →FA2 and C1 ∪E2 ∪T1 
∪(D1,A2) →FA2'. However, the new dimension is not defined in the assertion. In 
such a case, it is possible that C1 ∪E2 ∪T1 →→FA2. Thus, it is possible to generate 
two contexts with the same basic concept and two different implicit filters for each. An 
example is shown in Figure 5.9. 
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Figure 5.9 Multivalued facts 

 
If 𝐶1 ∪ 𝐸2 ∪ 𝑇1 𝑖𝑠 𝐹𝐴2 𝑎𝑛𝑑 𝐹𝐴2′, then it is necessary to decide amongst: 
 

1 𝐹𝐴2 = 𝐹𝐵2 + 𝐹𝐶2  𝑦 𝐹𝐴2′ = 𝐹𝐵2 + 𝐹𝐶2 

2 𝐹𝐴2 = 𝐹𝐵2 + 𝐹𝐶2 𝑜 𝐹𝐴2′ = 𝐹𝐵2 + 𝐹𝐶2 

3 None 

 
While the standard does not specify anything about the possible choice, some has to 
choose. The problem is nevertheless rare, since taxonomy, formula or instance 
designers tend to avoid it, although not in an automatic way through, for example, a 
CASE (Computer-Aided Software Engineering) tool. 
 
 

5.6. Implementation and proof-of-concept (POC), in the 
PSM 

This section presents the implementation of the proposal of the thesis, in which the 
mapping, validation and automation of XBRL instance documents through a RDBMS 
constitute a novel contribution to the field. In order to validate the proposal, a POC is 
presented in specialised conferences (Santos and Castro, 2011b, 2012a). 
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An earlier presentation by the authors demonstrated the mapping from an XBRLDM 
to RDBMS and vice versa. This mapping and automation proved useful for two 
principal reasons; namely, (1) XBRL experts were able to validate earlier studies 
(Santos and Castro, 2010, 2011a and 2011c) and (2) the mapping and automation 
could be used as an open-source tool by companies and regulators with more limited 
resources, a pertinent fact in light of the current financial crisis. 
 
This section presents the architecture for XBRL instance document validation in a 
DBMS and a process for the automated validation in a database of instance 
documents in XBRL formula specification. While an earlier presentation by the 
authors – which has generated some interest among regulators in Spain – offered a 
POC for the validation of XBRL instance documents in a DBMS, only the code, 
graphics and demos were shown (Santos and Castro, 2012a). The interest of 
regulators in the POC, even in the more limited version presented, was due in part to 
the fact that the repository of an XBRL instance document generated is always a 
database, something they recognized as an important development given the 
lacklustre performance of many XBRL instance documents with large volumes of data. 
 
The architecture for mapping XBRL formula specification to an RDBMS is divided into 
two stages. In the first, the code necessary for creating a validation API is generated. 
This API is executed in the second stage to validate the facts of the report or XBRL 
instance document in the database. 
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Figure 5.10 Obtaining the validation API 

 
 
Returning to the earlier representation in Figure 5.1, the first stage begins at Step 3 
when the metadata structure, such as dimensions and dimension attributes, has been 
created. Nevertheless, it is important to mention that in the validation API generation 
process, it is not necessary to have previously loaded the metadata and facts into the 
database. Rather, the API can be generated at any time prior to validating an instance 
document in the database and after having created the XBRL metadata structure. 
Figure 5.10 displays this first stage. First, the formulas and assertions are obtained 
through Arelle in a simpler format. The Arelle API converts the XBRL formulas, 
originally in XML format, into plain text. Next, a new API proposed by the authors is 
generates another API to be used to create the validation process. This validation 
process can be a stored procedure in the database or can be generated in other 
languages like COBOL, Visual Basic (VB) and C++ that work with the database. This 
study takes the former approach. Once the validation API has been created and the 
metadata and facts loaded into the database, the validation API may be executed 
(see Figure 5.11). This validation process can be repeated several times. 
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Figure 5.11 Validation process 

 
Figure 5.12 Assertion process of validation-process-generating algorithm 



104 CHAPTER 5 – Fundamentals and Basic Concepts of the proposal of formulas 

 
 
In what follows, the validation API generation process of the proposal is briefly 
explained. Firstly, the XML formulas are read until reaching end of file (EOF). Each 
assertion is then processed by the assertion algorithm. The algorithm (CIM→PIM) 
notes the assertion name, the test to be validated and the preconditions if the XBRL 
has (see Figure 5.12). The algorithm then obtains the implicit dimensions which are 
then processed. The algorithm reads each variable and goes to process these 
variables. Finally, the algorithm must verify the validation if the assertion can be 
evaluated or not and a message is displayed (generating several templates with 
different queries to DBMS). In the Figure 5.12 the evaluation implies the algorithm of 
creation of the SQL templates (PIM→ PSM), and depending on if there are 
preconditions, variables, etc., in total there are 7 templates, as the Algorithm 5.1 
shows. 
 
Start 

begin 
if there are preconditions 

then if there are variables 
then if explicit filter has basic concepts  and not dimensions 

then template SQL V 
else if explicit filter does not have basic concepts and has dimensions 

then template SQL VI 
else template SQL VII 

else template SQL IV 
else if explicit filter has basic concepts and not dimensions 

then template SQL I 
else if explicit filter does not have basic concepts 

then template SQL II 
else template SQL III 

end 
End 

 
Algorithm 5.1 Creation of SQL templates 

 
 
These templates (obtained in algorithm 5.1) are a set of stored procedures (if the 
validation is implemented in SQL, if not, they could be any other language such as 
Cobol, C++, etc.) that depend on whether there are preconditions, variables, etc. In 
total there are 7 templates. According to the MDA paradigm this is the PIMPSM 



  

CHAPTER 5 – Fundamentals and Basic Concepts of the proposal of formulas 105 

step. The code can be analysed in some POCs of the thesis author (Santos and 
Castro, 2012a; http://www.openfiling.info/academy/). 
 
Next, the code (Code 5.1) of template SQL I is shown, from Algorithm 5.1 in the MDA 
paradigm. Template SQL I is used to validate an assertion without preconditions. 
Code 5.1 is a summary. This code belongs to the example of Figure 5.6. 
 
CREATE PROCEDURE val_6610_sh_2_1 (val_6610_sh_2_1_Message integer out)  
-- First implicit dimension. Entity 
DECLARE implicitFilter1 CURSOR FOR  
select id_entity from Facts_Table 
where [id_dimension_es-be-d-FR-dist_Distr butionDimension] like '%es-be-d-FR-
dist:CreditInstitutionConsolidatedGroup%' and id_primaryItems l ke '%ifrs-gp:InvestmentsInSubsidiariesAtCost%'; 
 
open implicitFilter1 fetch next from implicitFilter1 into entity;  
while (FETCH_STATUS<>-1)  
begin  
 -- Second implicit dimension. Period of time. 
 DECLARE implicitFilter2 CURSOR FOR  
 select timePeriod_start from Facts_Table 
 where [id_dimension_es-be-d-FR-dist_DistributionDimension] l ke '%es-be-d-FR-
dist:CreditInstitutionConsolidatedGroup%' and id_primaryItems like '%ifrs-gp:InvestmentsInSubsidiariesAtCost%' 
and id_entity=entity 
  
open implicitFilter2 
 fetch next from implicitFilter2 into timePeriod_start;  
 while (FETCH_STATUS<>-1)  
 begin  
    --------------------------------------------------------------------  
    -- First variable. 
    --If in the next select more than 1 value is obtained, then it is the second case of semantic questions. 
    select CreditInstitutionConsolidatedGroup=value, entity=id_entity from Facts_Table  
     where [id_dimension_es-be-d-FR-dist_DistributionDimension] like '%es-be-d-FR-
dist:CreditInstitutionConsolidatedGroup%' and id_primaryItems l ke '%ifrs-gp:InvestmentsInSubsidiariesAtCost%' 
and timePeriod_start=timePeriod_start 
    if CreditInstitutionConsolidatedGroup is null 
     begin 
       if fallbackvalue is not null CreditInstitutionConsolidatedGroup_N := fallbackvalue 
       else 
           Begin 
   Evaluate:=0; assertion_error:=1 
           end 
  end 
    else 
         CreditInstitutionConsolidatedGroup_N := cast(CreditInstitutionConsolidatedGroup as integer); 
     
 -- Second variable. 
 -- Third variable. 
 -- Fourth variable. 
 -- Fifth variable. 
 -- Test of validation   
  if evaluate =0 -- If 0 no validation 
   if assertion_error=1  val_6610_sh_2_1_Message:=0 
  else ´-- It is necessary to validate. 
   if not((((CreditInstitutionConsolidatedGroup + InsuranceEntities +  otherEntities + 
settlementAdjustments)=TotalGroupEntities) and (TotalGroupEntities=0))) – The validation 
    val_6610_sh_2_1_Message:=0 
   fetch next from implicitFilter2   into timePeriod_start;  
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 end 
 close implicitFilter2;  
 fetch next from implicitFilter1 into entity;  
end  
--  
close implicitFilter1;  

 
Code 5.1 Template I (SQL I), a summary of the code 

 
 
When validating a fact or set of facts with an assertion, is important to know the 
number of facts involved in the assertion, because its execution can become 
unworkable (Agrawal et al., 1997; Feng et al., 2010). Only at run-time (during the 
validation of the report) will the number of facts involved in the validation be known. 
This number can be very high and will affect system performance. However, the 
proposal developed is implemented through a management system database, so this 
process is made affordable in general. 
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CHAPTER 6. Validation of the proposal 

6.1. Introduction to the validation 

This chapter shows the validation of this research work. The validation is divided in 
two parts. Firstly, the development of the metadata life cycle of the metadata model 
of the semantic economic financial accounting reports is validated. Secondly, the 
calculations through formals of these reports are validated. The theoretical 
development can be found in the chapters 4th and 5th respectively. 
 
The principal objective of this validation is to ensure the ability of the proposed 
approach to be used and to accomplish the design objectives.  The validation of this 
approach is performed in two phases. The first phase is done to ensure that the 
transformation of the CIM to the PIM is correctly performed. In this phase the result 
of this transformation is validated, i.e., the resulting PIM (or UML star model) is correct. 
The second phase is done to ensure that the transformation of the PIM to the code 
(or relational model) is correctly performed. Although it might seem redundant to use 
more than one type of validation, this has been done in order to increase confidence 
in the validation results. According to Gogolla et al. (2007), the validation of 
conceptual models at early phases of their development can help correct faults in the 
design at a point where they may still be corrected with relative ease. 
 
 

6.2. Validation of the development of the metadata of the 
semantic reports 

This section analyses the validation of the proposal. The process is divided into two 
phases. The first phase is to obtain the UML star model, from the set of templates 
developed for expert users and the second is to obtain the relational model using 
ROLAP technology.  
 
The validation involves testing that the data obtained in the development of this 
research work match up with expert users’ requirements. FINREP is a taxonomy 
sponsored by the EBA and is consolidated and sub-consolidated financial reporting 
for supervisory purposes based on IAS/IFRS taxonomies (Eurofiling 2012). Solvency 
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II codifies and harmonizes the regulation of insurance in the European Union (EU) 
and is sponsored by the EIOPA. It is possible to say that expert users wish to obtain 
a set of reports of the type of Figure 4.2. However, the number of concepts to gather 
is so large (there were only 4500 in FINREP in 2012,  and 45000 in 2015 (Weller, 
2015)) that it makes it impossible to work around a report as Figure 4.2. Therefore 
expert users build templates in spreadsheets, in which each cell depicts a fact to 
collect of financial institutions. IT manually analyses each of these cells along with 
experts users, then domains, concepts, hierarchies between concepts, dimensions, 
dimension attributes, etc. are obtained. In the initial development (in the CIM) these 
templates have a large number of unconnected cells and a high level of redundancies. 
In the first phase, according to Algorithm 6.1, the diverse elements of the original 
templates (Figure 4.3) are entered into the relational model of Figure 4.6. By applying 
this algorithm repeatedly the unconnected and redundant cells are analysed. This 
figure displays the set of artefacts in UML, which will be the initial structure in the 
automatic validation of the model, in the PIM. Algorithm 6.1 uses the definitions and 
rules from sections 4.3 and 4.4 and verifies the semantic questions of the section 4.5. 
It is this process is really that really makes the structural validation (Santos and Nieto, 
2014, 2015), verifying if hierarchies of concepts are valid in a domain, with regard to 
dimensions, dimension attributes and calculated attributes (if dimension attributes 
belong to one domain rather than two at a time, etc.). 
 
start 

read data type, domains, concepts, basic concepts; 
read dimensions, dimension groups; 
verify the hierarchies of the concepts and dimensions; 
obtain dimension attributes, calculated attributes; 
obtain allowed cubes, forbidden cubes; 
obtain UML star model 
create dimension tables from dimensions and dimension attributes in the star model; 
create stored procedure with calculated attributes; 
create base dimension; 
create facts from allowed cubes; 

end 

 
Algorithm 6.1 Extraction of the metadata model 

 
 
Next, the UML star model is obtained, as in Figure 4.4. To achieve these 
transformations in the POC, this thesis uses SQL Server Integration Services (SSIS) 
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an ETL (Extract, Transform and Load data) product of Microsoft. The second phase 
obtains the relational model, validating in a semiautomatic way that the 
implementation is correct, i.e. that the number of dimensions, dimension attributes, 
calculated attributes, etc. is correct. For this phase, Algorithm 6.1 uses the 
transformation rules from section 4.5. Finally, the code is obtained for the ROLAP 
technology. 
 
After what has been previously mentioned, it is necessary to analyse a little more 
detail with validation examples, although these are analysed in detail in Openfiling 
(2015), including its implementation. The first phase consists of the verification that 
the transformation of the set of templates into the star model. For this, firstly, the 
original templates in an iterative way are validated for eliminate the redundancy. 
Immediately, these templates are tested, discovering some errors in the initial 
templates, for example that the connection between concepts and taxonomies were 
not distinguished, and furthermore, some hierarchies of concepts were not correct 
(Santos and Nieto, 2014). Subsequently, and for a complete set of tests, these 
templates are updated with insertions or modifications of incorrect elements, as Table 
6.1 shows, after which, it is verified whether the output is as expected.  In the same 
way, the transformation to the relational model is tested. For this reason, the set of 
data with insertions or modifications of incorrect elements is updated, as Table 6.2 
shows, and afterwards it is verified whether the output is as expected. The process of 
Santos and Nieto (2014, 2015) is based on more than 20 modules, in that each 
concept is analysed, for example, whether the hierarchy of the concepts in a domain 
is correct. In this example the elements are loaded in a table with two leaves; upon 
each insertion a trigger is executed and this program verifies that there are not cycles 
in the hierarchy. Each of these modules load each corresponding concept in UML 
structure of Figure 4.6, directly verifying the constraints of the model (repeated 
elements, references to other elements, etc.). These modules are actually Integration 
Services packages, and once the validation is done, they write in a log the validations 
performed, right and wrong. Finally, each module performs an automatic creation and 
insertion of various elements in the star structure in the PIM (Figure 4.4). 
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Figure 6.3 Flow of IS_DIMENSION data. Execution of the fact table creation SQL procedure (Nieto, 
2015). 

 
The code 6.1 shows part of the creation of the structure of the tables of the star model 
(Nieto, 2015).  
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USE [DPMDatabase2.2_Validation] 
GO 
/****** Object: StoredProcedure [dbo].[Create_Fact_Table] Script Date: 21/09/2015 
18:53:42 ******/ 
SET ANSI_NULLS ON 
GO 
SET QUOTED_IDENTIFIER ON 
GO 
-- ============================================= 
-- Author: <Abel Nieto Cano> 
-- Create date: 01-05-2015 
-- Description: Create Fact Table 
-- ============================================= 
CREATE PROCEDURE [dbo].[Create_Fact_Table] 
AS 
BEGIN 
/****** Object: Table [FACT].[FactTable] Script Date: 23/05/2015 14:05:50 ******/ 
DROP TABLE [FACT].[FactTable] 
CREATE TABLE [FACT].[FactTable]( 

[IdFactTable] [bigint] IDENTITY(1,1) NOT NULL, 
[FactValue] [varchar](255) NULL, 
[ContentType] [int] NOT NULL, 
[ContentUnit] [int] NOT NULL, 
[Precision] [float] NULL, 
[Balance] [int] NOT NULL 

CONSTRAINT [PK_FactTable] PRIMARY KEY CLUSTERED 
…………………………………………………………. 
ALTER TABLE [FACT].[FactTable] WITH CHECK ADD CONSTRAINT 
[FK_FactTable_Balance] FOREIGN KEY([Balance]) 
…………………………………………………………. 
GO 
 
CREATE PROCEDURE [dbo].[sp_CreateTableDimension] @DimensionID [int] 
WITH EXECUTE AS CALLER 
AS 
BEGIN 
SET NOCOUNT ON; 
 
DECLARE @sqlcreate NVARCHAR(MAX) 
DECLARE @CUENTA AS INT 
DECLARE @DimID AS varchar(30) 
SET @Dimid = cast (@DimensionID as varchar) 
SET @CUENTA = 0 
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SELECT @CUENTA = count(*) FROM INFORMATION_SCHEMA.TABLES WHERE 
substring(TABLE_NAME,10,7) in (@Dimid) and 
TABLE_SCHEMA = 'DIM' 
IF @CUENTA = 0 
BEGIN 
SET @sqlcreate = ' 
CREATE TABLE [DIM].[Dimension'+@Dimid+']( 

[Dimension'+@Dimid+'ID] [int] NOT NULL, 
[DomainID] [int] NULL, 
[DimensionCode] [nvarchar](max) NULL, 
[DimensionLabel] [nvarchar](max) NULL, 
[DimensionDescription] [nvarchar](max) NULL, 
[IsTyped] [bit] NOT NULL, 
[IsImpliedIfNotExplicitlyModelled] [bit] NOT NULL, 
[DimensionXbrlCode] [nvarchar](255) NULL, 
[ConceptID] [int] NULL, 
CONSTRAINT [PK_Dimension'+@Dimid+'] PRIMARY KEY CLUSTERED 
([Dimension'+@Dimid+'ID] ASC)) ON [PRIMARY] TEXTIMAGE_ON [PRIMARY] 

ALTER TABLE FACT.FactTable 
ADD Dimension'+@Dimid+'ID int NULL 
 
Code 6.1. Creation of the tables of the star model (Nieto, 2015) 

 
According to the way that elements, domains, dimensions and dimension attributes 
were validated, two triggers were created. A trigger ensures that no sheet is inserted 
into the lower level which have a different sheet at the upper level (Code 6.2). If this 
were the case, it would a cycle, and would not be a tree structure. 
 
The second trigger is used to create tables of the dimensions and insert dimension 
attributes into the dimensions (Code 6.3). 
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USE [DPMDatabase2.2_Validation] 
GO 
/****** Object: Trigger [dbo].[HIERARCHY_COMPARISION] Script Date: 15/09/2015 
3:43:07 ******/ 
GO 
CREATE TRIGGER [dbo].[HIERARCHY_COMPARISION]ON [dbo].[HierarchyNode] 
AFTER INSERT AS 
DECLARE @CUENTA AS INT 
DECLARE @Hid AS VARCHAR(6) 
DECLARE @HNid AS VARCHAR(6) 
SET @CUENTA = 0 
SELECT @CUENTA = COUNT(*) 
FROM inserted WHERE INSERTED.HierarchyID <> INSERTED.ParentHierachyID 
SELECT @Hid = cast(INSERTED.HierarchyID as varchar) ,@HNid = 

cast(INSERTED.ParentHierachyID as varchar) 
FROM inserted WHERE INSERTED.HierarchyID <> INSERTED.ParentHierachyID and 
INSERTED.ParentHierachyID != null 
 
IF @CUENTA <> 0 
BEGIN 

--INSERT INTO ERROR (CADENA) VALUES ('ERROR') 
INSERT INTO [STG].[LOG_ERRORS]([CODE_TABLE],[ERROR_DATE] 
,[DES_PROCESS],[DES_TASK],[COD_ERROR],[COD_USER]) 
VALUES(NULL,GETDATE(),'IS_HierarchyNode',null,'-000000001' 
,'Description: "Cannot insert the value distinct to HierarchyID = '+ @Hid 
+' into column ParentHierarchyID = '+ @HNid + ' , table DPM_Testing_Database 
2.0.1.dbo.HierarchyNode; column does not allow distinct values into two columns. 
INSERT fails.' 
,null) 

END 
 
GO 
 
Code 6.2. Cycles in the hierarchy of concepts are searched for (Nieto, 2015) 
  



118 CHAPTER 6 – Validation of the proposal 

USE [DPMDatabase2.2_Validation] 
GO 
/****** Object: Trigger [dbo].[DIMENSION_CREATE] Script Date: 21/09/2015 18:55:59 
******/ 
GO 
CREATE TRIGGER [dbo].[DIMENSION_CREATE] ON [dbo].[Dimension] 
AFTER INSERT AS 
DECLARE @SqlInsert NVARCHAR(MAX) 
DECLARE @CUENTA AS INT 
DECLARE @DimensionID AS int 
DECLARE @DomainID AS int 
DECLARE @DimensionCode AS nvarchar(max) 
DECLARE @DimensionLabel AS nvarchar(max) 
DECLARE @DimensionDescription AS nvarchar(max) 
DECLARE @IsTyped AS bit 
DECLARE @IsImpliedIfNotExplicitlyModelled AS bit 
DECLARE @DimensionXbrlCode AS nvarchar(255) 
DECLARE @ConceptID AS int 
DECLARE @Dimid AS VARCHAR(6) 
 
SET @CUENTA = 0 
SELECT @CUENTA = COUNT(*) 
FROM inserted 
SELECT 
@DimensionID = cast(INSERTED.DimensionID as int) 
,@DomainID = cast(INSERTED.DomainID as int) 
,@DimensionCode = INSERTED.[DimensionCode] 
,@DimensionLabel = INSERTED.[DimensionLabel] 
,@DimensionDescription = INSERTED.[DimensionDescription] 
,@IsTyped = INSERTED.[IsTyped] 
,@IsImpliedIfNotExplicitlyModelled = INSERTED.[IsImpliedIfNotExplicitlyModelled] 
,@DimensionXbrlCode = INSERTED.[DimensionXbrlCode] 
,@ConceptID = cast(INSERTED.[ConceptID] as int) 
FROM inserted 
 
IF @CUENTA <> 0 
BEGIN 

EXEC [dbo].[sp_CreateTableDimension] @DimensionID = @DimensionID 
EXEC [dbo].[sp_InsertTableDimension] @DimensionID = @DimensionID, @DomainID 

=@DomainID, @DimensionCode = @DimensionCode, 
@DimensionLabel = @DimensionLabel, @DimensionDescription = 

@DimensionDescription, 
@IsTyped = @IsTyped, @IsImpliedIfNotExplicitlyModelled = 
@IsImpliedIfNotExplicitlyModelled, @DimensionXbrlCode = @DimensionXbrlCode, 

@ConceptID = @ConceptID 
END 
 
GO 
 
Code 6.3. This trigger creates the tables of dimensions and loads the dimension attributes into 
the dimensions (Nieto, 2015) 
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Figure 6.4 shows the MDM diagram of FINREP 2014 obtained at the end. 

 
Figure 6.4. Diagram of the database in the MDM of FINREP 2014 (Nieto, 2015) 
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Tables 6.1 and 6.2 verify a set of validation tests for the proposal. Column 1 shows 
the test number. Column 2 shows if the validation belongs to the star model in UML 
or to the relational model (RM). Column 3 shows the test to validate. This column 
shows the test case, for example, test number 1, two repeated concepts means that 
it is impossible to repeat two concepts. Columns 4, 5 and 6 are inputs to the test. 
These columns display the set of correct objects and the set of incorrect objects to 
test. For example, test number 1 shows 187 concepts + 3 repeated concepts.  Finally, 
the last column gives the test output. In test number 1, in the three samples (FINREP 
2012, 2014 and Solvency II) three repeated concepts are inserted, respectively, so 
the test output is three errors with three repeated concepts, respectively.  
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The validation in the POCs in the PIM performed on each sample (FINREP 2012, 
2014, Solvency II) depict all structural validations in a 95%. The relations between 
concepts and taxonomies are left out due to lack of real data. Moreover, in FINREP 
2014 and Solvency II the base dimension is not applicable. Regarding the validation 
in the PSM, the different POCs show that 75% are validated, because the generation 
of stored procedures of the calculated dimension attributes in a domain is not tested. 
This is because the guide to good practice of Eurofiling recommended to use the 
formula specification and not the calculation specification. On the other hand, the 
published data for the EBA and the EIOPA in FINREP 2014 and Solvency II also 
model templates and axes of cubes, however this type of modelling are redundant 
and is used in the presentation for expert users. 
 
This proposal produces well-built metadata for semantic economic/financial reports 
because it is a structural validation. However, it is necessary to continue the validation 
with expert users, in order to validate the semantically-complete design. To achieve 
this, an accounting/economic/financial study of the concepts domains, hierarchies, 
etc. is necessary, and that is left for future works. 
 
 

6.3. Validation of calculations using XBRL formula 
specification 

This section is based on several Proof Of Concept (POC). The most important, and 
with which is the proposal of this thesis, it was shown in Eurofiling 15th Workshop 
(Santos and Castro, 2012a; Santos et al, 2016). The platform of the POC is a 
database server, the RDBMS chosen is the Microsoft SQL Server 2012, and the 
programming language is VBScript and T-SQL. As regards the operating system of 
the database server, Windows Server 2008 R2 is used. The client is Windows 7. 
 
In the POC, the 6610 report was checked, along with the set of tests – consisting of 
12 numerically identified assertions –. Firstly, the structure necessary is created for 
this proof of the concept, i.e., the set of tables. However, in this test instead of using 
the star model of Figure 4.4, it puts a table of contexts between dimensions and the 
fact table, that is to say, all pairs <dimension - dimension attribute> belonging to a 
fact (Figure 6.5). 
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-- 2. create the tables. 
-------------------------------------------------------------------------------- 
IF OBJECT_ID(N'Facts', N'U') IS NOT NULL  
DROP TABLE Facts; 
go 
IF OBJECT_ID(N'Context_Dim_AttrDim', N'U') IS NOT NULL  
DROP TABLE Context_Dim_AttrDim; 
go 
IF OBJECT_ID(N'PrimaryItems', N'U') IS NOT NULL  
DROP TABLE PrimaryItems; 
go 
 
IF OBJECT_ID(N'Relation_Dim_AttrDim', N'U') IS NOT NULL  
DROP TABLE Relation_Dim_AttrDim; 
go 
 
IF OBJECT_ID(N'Dimensions', N'U') IS NOT NULL  
DROP TABLE Dimensions; 
go 
 
IF OBJECT_ID(N'DimAttributes', N'U') IS NOT NULL  
DROP TABLE DimAttributes; 
go 
 
IF OBJECT_ID(N'Context', N'U') IS NOT NULL  
DROP TABLE Context; 
go 
 
IF OBJECT_ID(N'Header', N'U') IS NOT NULL  
DROP TABLE Header; 
go 
 
IF OBJECT_ID(N'Unit', N'U') IS NOT NULL  
DROP TABLE Unit; 
go 
 
 
IF EXISTS (SELECT name FROM sys.indexes 

            WHERE name = N'IX_groupDim') 
    DROP INDEX IX_groupDim ON Dimensions; 

GO 
declare @exist_column_ID int; 
select @exist_column_ID=0 
select @exist_column_ID=count(*)  
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from sys.sysobjects as a join sys.syscolumns b 
 on a.id=b.id  

where upper(a.name)='DIMENSIONS' and upper(b.name)=upper('groupDim'); 
--print '@exist_column_ID....:' + cast(@exist_column_ID as char(2)) 
if @exist_column_ID=1  

 begin 
  alter table Dimensions 
  drop constraint FK_groupDim 
  alter table Dimensions 
  drop column groupDim; 

 end 
go 
IF OBJECT_ID(N'GroupDim', N'U') IS NOT NULL  
DROP TABLE GroupDim; 
go 
 
IF OBJECT_ID(N'dataPoint', N'U') IS NOT NULL  
DROP TABLE dataPoint; 
go 
 
Code 6.4 SQL script that creates the tables in the star model 

 
 
Regardless of loading the fact table, i.e., of the reports, in a parallel the stored 
procedure creation process with the validations of the formulas is executed. The 
process of validation of the formulas starts with the formulas in the XBRLDM that are 
loaded in a flat file (Code 6.5) with the API of Arelle (Figure 5.6). 
 
 
Formula object,,,,Label,Cover,Com-ple-ment,Bind as se-quence,Expression 
assertionSet,,,,assertionSet,,,, 
 
,valueAssertion,,,val_6610-sh-2,,,,((($entidadesCredito + $entidadesSeguros +  
$otrasEntidades + $ajustesEliminaciones) eq $entidadesGrupoTotal) and 
($entidadesGrupoTotal eq 0)) 
 
,,conceptName,,fil_ifrs-gp_InvestmentsInSubsidiariesAtCostd390e11,,,,ifrs-
gp:InvestmentsInSubsidiariesAtCost 
 
,,factVariable 
$entidadesCredito,,var_DistribucionDim_GrupoConsolidableEntidadesCreditod390e15,,,fals
e,fallbackValue =0 
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,,,explicitDimension,fil_DistribucionDim_GrupoConsolidableEntidadesCreditod390e16,true,fa
lse,,es-be-d-FR-dist:DistribucionDimension 
 
,,factVariable 
$entidadesSeguros,,var_DistribucionDim_EntidadesSegurosd390e20,,,false,fallbackValue 
=0 
,,,explicitDimension,fil_DistribucionDim_EntidadesSegurosd390e21,true,false,,es-be-d-FR-
dist:DistribucionDimension 
 
,,factVariable 
$otrasEntidades,,var_DistribucionDim_OtrasEntidadesd390e25,,,false,fallbackValue =0 
,,,explicitDimension,fil_DistribucionDim_OtrasEntidadesd390e26,true,false,,es-be-d-FR-
dist:DistribucionDimension 
 
,,factVariable 
$ajustesEliminaciones,,var_DistribucionDim_AjustesEliminacionesd390e30,,,false,fallbackV
alue =0 
,,,explicitDimension,fil_DistribucionDim_AjustesEliminacionesd390e31,true,false,,es-be-d-
FR-dist:DistribucionDimension 
 
,,factVariable $entidadesGrupoTotal,,var_DistribucionDim_TotalSectoriald390e35,,,false, 
,,,explicitDimension,fil_DistribucionDim_TotalSectoriald390e36,true,false,,es-be-d-FR-
dist:DistribucionDimension 
 
Code 6.5. Formula val_6610-sh-2 obtained from Arelle (Figure 5.6) 

 
From the algorithm shown in Figure 5.12, Algorithm 5.1, and Code 5.1, the set of 
stored procedures of validations is obtained, but only for one assertion (Figure 5.10). 
Code 6.6 shows the stored procedure of validation of the assertion of Figure 5.6, 
obtained in an automatic way. 
 
-- Carlos III University of Madrid   
-- Ignacio Santos, April 2012  
 
-- Open Source for validating XBRL Document Instances (Stored Procedures)   
 
 
-- Generated at:20/05/2012 : 21:14:38. 
 
Use [TXBRL_Lab6] 
go 
 
go 
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IF OBJECT_ID ( 'val_6610_sh_2_1', 'P' ) IS NOT NULL  
DROP PROCEDURE val_6610_sh_2_1;  

go  
CREATE PROCEDURE val_6610_sh_2_1 @val_6610_sh_2_1_Message int out  
AS  
 
-- Assertion Type I. 
 
 
declare @evaluar tinyint; -- When a fact is null and fallback is null then @evaliar os 1. 
declare @fallbackvalue int; 
 
set @val_6610_sh_2_1_Message=1  -- Assertion correct, 0 is incorrect. 
declare @assertion_error tinyint; 
declare @entity nvarchar(100); 
declare @instantPeriod varchar(20); 
 
declare @entidadesCredito_A varchar(200); 
declare @entidadesCredito int; 
 
declare @entidadesSeguros_A varchar(200); 
declare @entidadesSeguros int; 
 
declare @otrasEntidades_A varchar(200); 
declare @otrasEntidades int; 
 
declare @ajustesEliminaciones_A varchar(200); 
declare @ajustesEliminaciones int; 
 
declare @entidadesGrupoTotal_A varchar(200); 
declare @entidadesGrupoTotal int; 
 
 
DECLARE implicitFilter CURSOR FOR 
select b.entityID, b.instantPeriod 
from TXBRL_Lab6.dbo.Facts a inner join TXBRL_Lab6.dbo.Context b on a.contextRef=b.ID 

inner join TXBRL_Lab6.dbo.Context_Dim_AttrDim c on a.contextRef=c.contextID 
where c.dimension ='es-be-d-FR-dist:DistribucionDimension' 

and c.attrDim like '%GrupoConsolidableEntidadesCredito%'  
and a.baseID='ifrs-gp:InvestmentsInSubsidiariesAtCost' 

 
open implicitFilter 
 
fetch next from implicitFilter 
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into @entity, @instantPeriod; 
 
while (@@FETCH_STATUS<>-1) 
begin 

--select '@entity...:',@entity,',@instantPeriod....:', @instantPeriod; 
set @assertion_error=0 
-------------------------------------------------------------------- 
set @evaluar=1; 
set @entidadesCredito_A=null; 
set @entidadesCredito=null; 
set @fallbackvalue=0; 
select @entidadesCredito_A=a.Value 

from TXBRL_Lab6.dbo.Facts a inner join TXBRL_Lab6.dbo.Context b on 
a.contextRef=b.ID 

inner join TXBRL_Lab6.dbo.Context_Dim_AttrDim c on a.contextRef=c.contextID 
where c.dimension ='es-be-d-FR-dist:DistribucionDimension' 

and c.attrDim like '%GrupoConsolidableEntidadesCredito%' 
and a.baseID='ifrs-gp:InvestmentsInSubsidiariesAtCost' 
and b.entityID=@entity and b.instantPeriod=@instantPeriod 

--select '@entidadesCredito'_A, @entidadesCredito_A 
if @entidadesCredito_A is null 

begin 
if @fallbackvalue is not null 

begin 
set @entidadesCredito=@fallbackvalue 
--select '@entidadesCredito', @entidadesCredito 

end 
else 

begin 
set @evaluar=0 
set @assertion_error=1 

end 
end 

else 
begin 

set @entidadesCredito=cast(@entidadesCredito_A as int); 
--select '@entidadesCredito...:', @entidadesCredito 

end 
 
 

set @entidadesSeguros_A=null; 
set @entidadesSeguros=null; 
set @fallbackvalue=0; 
select @entidadesSeguros_A=a.Value 
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from TXBRL_Lab6.dbo.Facts a inner join TXBRL_Lab6.dbo.Context b on 
a.contextRef=b.ID 

inner join TXBRL_Lab6.dbo.Context_Dim_AttrDim c on a.contextRef=c.contextID 
where c.dimension ='es-be-d-FR-dist:DistribucionDimension' 

and c.attrDim like '%EntidadesSeguros%' 
and a.baseID='ifrs-gp:InvestmentsInSubsidiariesAtCost' 
and b.entityID=@entity and b.instantPeriod=@instantPeriod 

--select '@entidadesSeguros'_A, @entidadesSeguros_A 
if @entidadesSeguros_A is null 

begin 
if @fallbackvalue is not null 

begin 
set @entidadesSeguros=@fallbackvalue 
--select '@entidadesSeguros', @entidadesSeguros 

end 
else 

begin 
set @evaluar=0 
set @assertion_error=1 

end 
end 

else 
begin 

set @entidadesSeguros=cast(@entidadesSeguros_A as int); 
--select '@entidadesSeguros...:', @entidadesSeguros 

end 
 
 

set @otrasEntidades_A=null; 
set @otrasEntidades=null; 
set @fallbackvalue=0; 
select @otrasEntidades_A=a.Value 

from TXBRL_Lab6.dbo.Facts a inner join TXBRL_Lab6.dbo.Context b on 
a.contextRef=b.ID 

inner join TXBRL_Lab6.dbo.Context_Dim_AttrDim c on a.contextRef=c.contextID 
where c.dimension ='es-be-d-FR-dist:DistribucionDimension' 

and c.attrDim like '%OtrasEntidades%' 
and a.baseID='ifrs-gp:InvestmentsInSubsidiariesAtCost' 
and b.entityID=@entity and b.instantPeriod=@instantPeriod 

--select '@otrasEntidades'_A, @otrasEntidades_A 
if @otrasEntidades_A is null 

begin 
if @fallbackvalue is not null 

begin 



  

CHAPTER 6 – Validation of the proposal 131 

set @otrasEntidades=@fallbackvalue 
--select '@otrasEntidades', @otrasEntidades 

end 
else 

begin 
set @evaluar=0 
set @assertion_error=1 

end 
end 

else 
begin 

set @otrasEntidades=cast(@otrasEntidades_A as int); 
--select '@otrasEntidades...:', @otrasEntidades 

end 
 
 

set @ajustesEliminaciones_A=null; 
set @ajustesEliminaciones=null; 
set @fallbackvalue=0; 
select @ajustesEliminaciones_A=a.Value 

from TXBRL_Lab6.dbo.Facts a inner join TXBRL_Lab6.dbo.Context b on 
a.contextRef=b.ID 

inner join TXBRL_Lab6.dbo.Context_Dim_AttrDim c on a.contextRef=c.contextID 
where c.dimension ='es-be-d-FR-dist:DistribucionDimension' 

and c.attrDim like '%AjustesEliminaciones%' 
and a.baseID='ifrs-gp:InvestmentsInSubsidiariesAtCost' 
and b.entityID=@entity and b.instantPeriod=@instantPeriod 

--select '@ajustesEliminaciones'_A, @ajustesEliminaciones_A 
if @ajustesEliminaciones_A is null 

begin 
if @fallbackvalue is not null 

begin 
set @ajustesEliminaciones=@fallbackvalue 
--select '@ajustesEliminaciones', @ajustesEliminaciones 

end 
else 

begin 
set @evaluar=0 
set @assertion_error=1 

end 
end 

else 
begin 

set @ajustesEliminaciones=cast(@ajustesEliminaciones_A as int); 
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--select '@ajustesEliminaciones...:', @ajustesEliminaciones 
end 

 
 

set @entidadesGrupoTotal_A=null; 
set @entidadesGrupoTotal=null; 
set @fallbackvalue=NULL 
select @entidadesGrupoTotal_A=a.Value 

from TXBRL_Lab6.dbo.Facts a inner join TXBRL_Lab6.dbo.Context b on 
a.contextRef=b.ID 

inner join TXBRL_Lab6.dbo.Context_Dim_AttrDim c on a.contextRef=c.contextID 
where c.dimension ='es-be-d-FR-dist:DistribucionDimension' 

and c.attrDim like '%TotalSectorial%' 
and a.baseID='ifrs-gp:InvestmentsInSubsidiariesAtCost' 
and b.entityID=@entity and b.instantPeriod=@instantPeriod 

--select '@entidadesGrupoTotal'_A, @entidadesGrupoTotal_A 
if @entidadesGrupoTotal_A is null 

begin 
if @fallbackvalue is not null 

begin 
set @entidadesGrupoTotal=@fallbackvalue 
--select '@entidadesGrupoTotal', @entidadesGrupoTotal 

end 
else 

begin 
set @evaluar=0 
set @assertion_error=1 

end 
end 

else 
begin 

set @entidadesGrupoTotal=cast(@entidadesGrupoTotal_A as int); 
--select '@entidadesGrupoTotal...:', @entidadesGrupoTotal 

end 
 
 

--select '@evaluar......:', @evaluar 
if @evaluar =0 

begin 
if @assertion_error=1 

set @val_6610_sh_2_1_Message=0 
end 

else 
begin 
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if not((((@entidadesCredito + @entidadesSeguros +  @otrasEntidades + 
@ajustesEliminaciones)=@entidadesGrupoTotal) and (@entidadesGrupoTotal=0))) 

begin 
set @val_6610_sh_2_1_Message=0 
--select '@val_6610_sh_2_1_Message......:', @val_6610_sh_2_1_Message 

end 
end 

-------------------------------------------------------------------- 
fetch next from implicitFilter 
into @entity, @instantPeriod; 

 
end 
 
close implicitFilter; 
deallocate implicitFilter; 
 
--if @val_6610_sh_2_1_Message=1 
--     begin 
--         select 'Asercion val_6610_sh_2_1 correcta'; 
--     end 
--else 
--     begin 
--         select 'Asercion val_6610_sh_2_1 incorrecta'; 
--     end 
 
go 
 
Code 6.6 Procedure of validation of the assertion val_6610_sh_2_1 

 
 
This is summarized in the table of Figure 6.6. The star model is validated with a 
comparison among the dimensions, dimension attributes, and constraints in the MDM 
and the XBRLDM (Table 5.1). Finally, another validation is done, the data are 
compared between the XBRL instance documents and the facts in the database. The 
first column of this table, Figure 6.6, shows the assertion number being tested. In the 
second, the implementation type is identified numerically out of the five possible 
stored procedures (templates in the algorithm) in the POC. In the following column, 
the number – there are always two – and types of implicit filters are identified. In the 
POC, both implicit filters are the basic concepts (BC) Entity and Period of Time, for 
this the number is two. The fourth column is for the explicit filters in the whole assertion. 
As in the previous column, the fourth consists of two sub-columns indicating filter type 
– here BC or dimension (D) – and the number of dimensions and/or BC. The fifth 
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column indicates variables and is subdivided into four additional columns 
corresponding to (1) number of variables, (2) type of variable (here BC or D), (3) 
number of filters (here BC or D) by number of variables and (4) number of not null 
fallbackValues. The final three columns of the table correspond, respectively, to 
presenting yes or no responses to constants, the test to evaluate and the precondition. 
 

 
Figure 6.6 Validation test for 6610 report 

 
 
For example, row one means that it is the first sample of the 6610 selected reports (it 
is used as an example at the end of section 5.4, Figures 5.6 and 5.7). The second 
cell indicates that the template used is the first one (which is a stored procedure in 
SQL). The third, fourth, fifth and sixth cells are the filter used (two and one dimensions 
of basic concepts for each kind of filter, respectively). The seventh, eighth, ninth and 
tenth cells mean five variables which are dimensions and are not basic concepts, 
each variable includes a dimension, and all these variables have to be initialized, if 
the value is null, except the last (Figure 5.6). The three final cells indicate that a 
constant value does not exist, the validation must be made through a test and that no 
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preconditions are needed, respectively. Thus can be explained the other rows of the 
table in Figure 6.6. 
 
This POC was chosen for containing the largest number of different examples in 
FINREP 2008. However, not all assertions are validated in an automated way: only a 
sample of approximately 10% was chosen because the rest of the formulas had the 
same type. In the POCs of León (2012) and Cid (2013), which were carried out later, 
the pure star model was used, without the contexts, as shown Figure 4.4, but with the 
FINREP 2014 and Solvency II taxonomies. In these tests, 100% of the test kit 
provided in Eurofiling, the EBA and the EIOPA is used. Nevertheless, the author of 
this work considers this absolutely insufficient, because the set provided by the 
institutions does not include the full set of formulas defined in Chapter 5. 
 
It would be desirable in the near future to have a full set of complete tests for the 
formulas and/or assertions. In spite of this, it can be concluded that the experiments 
have demonstrated the validity of the proposed model. 
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CHAPTER 7. Conclusion and future work 

7.1. Conclusions 

This thesis analyses all the development stages of the creation of economic/financial 
report metadata using the eXtensible Business Reporting Language (XBRL) 
specification, and also analyses the XBRL formula specification itself. This is 
proposed in this specification due to the importance of the validation of information 
transmitted using this standard between financial institutions. From this analysis 
various shortcomings have been identified, such as the impossibility of interoperability 
in the current situation, a lack of full automatic semantic development and creation 
semantics for financial reports, and the lack of availability of performance test kits. 
This paper proposes that these problems be overcome by a general process of 
development from the real world to its physical implementation in a database. To 
achieve this, the use of the Model Driven Architecture (MDA) paradigm is proposed. 
MDA is a methodology proposed by the Object Management Group (OMG) and 
widely used in software development projects. This research work presents the 
design life cycle of software development, from expert users, the Computation 
Independent Model (CIM), to the code. The Multidimensional Data Model (MDM) is 
chosen in the Platform Independent Model (PIM), because this model is adjusted to 
the development of European metadata, and as a relational model (Relational On-
Line Analytical Processing, ROLAP) in the Platform Specific Model (PSM) is chosen, 
for its implementation in a Relational Database Management System (RDBMS). By 
means of the MDM the definitions and rules are formalised and the semantics of the 
XBRL Data Model (XBRLDM) are audited. The MDM is accompanied by a 
formalisation and mathematical representation of definitions and rules. Moreover, the 
automation of this mapping is also proposed. 
 
The aim of this research is to clarify the XBRL and multidimensional data models, as 
well as the mapping from XBRL to the MDM and vice versa. Furthermore, as an 
additional objective is the transfer of the conceptual model to a logical and physical 
model, the mapping between XBRL to the MDM is accompanied by a formalization 
and mathematical representation of definitions and rules. 
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The authors hope that the fulfilment of each of these objectives might allow 
companies, financial institutions and regulatory authorities to better understand XBRL 
and its capabilities. 
 
This research work is based on the European development of economic/financial 
concepts. This is because the researchers are in the European framework, and 
participate in the Eurofiling (2015) group and the Comité Européen de Normalisation 
Workshop XBRL (CEN/WS XBRL; CEN, 2013). This work entails a set of 
developments and Proofs Of Concept (POC) that implement this research, which 
have been presented in specialised forums for their validation (Santos and Castro, 
2010, 2011b, 2012a; Openfiling, 2014; Santos and Nieto, 2014, 2015). 
 
The implementation of the metadata in a database, instead of creating taxonomies 
using the XBRL specification, is gaining certain interest among regulators. This may 
be due in part, to the high cost of the XBRL specification infrastructure, taking into 
account the economic constrains of most financial institutions, supervisors/regulators 
and companies in general. In addition, when XBRL reports (XBRL document 
instances) are very large, they become complex or even impossible to implement by 
means of eXtensible Markup Language (XML) technology (Santos and Castro, 
2011a). Implementation in a database makes the problem solvable, especially in 
relation to validation. 
 
In short, it is possible to say that: 
 

 The reports are designed by economists, accountants, or financiers. The main 
purpose of this thesis is the development of the entire metadata model’s life 
cycle using a robust architecture technology as the MDA, non-existent to date. 

 Therefore, it facilitates the extension of new elements and / or modifications 
that using this methodology (the MDA). 

 These reports, which may become large, can be implemented directly in 
databases. In principle, the implementation of these reports in a database 
manager can avoid the limitations of processing large reports in XBRL, helping 
with the possibility of monitoring its performance and subsequent tuning 
analysis. 

 The establishment of a data model design life cycle ensures fewer errors in 
the design, since it has been proven in concept testing and validation, and 
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gives the possibility of making a set of test cases for analysing anomalies and 
other semantic questions. 

 This thesis has validated the interoperability of this technology by studying its 
design. Moreover, it shows how this model can be implemented in different 
databases of different vendors and even enables mapping to other platforms.  

 By using the MDM and OLAP technologies, this research work is helping to 
simplify complexity, without being less robust, and although the required 
infrastructure is not any cheaper, it can be shared by other applications. 

 
This research work has been endorsed by the journal Information Systems (JCR, Q2), 
in the paper “XBRL Formula Specification in the Multidimensional Data Model” 
(Santos, et. al. 2016). 
 
 

7.2. Future works 

This work has to be extended not only to Europe, but to other taxonomies, such as 
the American/Canadian or Japanese taxonomies. It is hoped with this proposal that 
XBRL specification will cover other economic fields, e.g. in the exchange of reports 
with the status of purchase orders, or calculation of a presale, sale and availability of 
products, in the future. 
 
Another logical model used in Europe (the European Banking Authority (EBA), the 
European Central Bank (ECB), the European Insurance and Occupational Pensions 
Authority (EIOPA), etc.) is the Data Point Model (DPM), this is very close to end user 
applications, and is oriented exclusively to development using the XBRL specification 
(Romanelli, 2007; Ruíz et al., 2012; DPM, 2014). The incorporation of the DPM into 
this life cycle will be analysed in future studies. Furthermore, if this work analyses the 
metadata of the reports from the point of view of the scheme, future studies will have 
to analyse the design life cycle of the reports themselves, that is, from the point of 
view of the data. 
 
At present, the Information Technology departments of the supervisory/regulatory 
bodies with very large taxonomies have an important challenge, because taxonomies 
and their validations are created but without public test cases. This is because 
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supervisors are continually creating bigger and more complex models. The approach 
of this paper provides a way forward for the generation of these test sets. 
 
While an automatic validation procedure for the formulas has been implemented here, 
it has only been conceived of to be stored in a database, inside or outside the 
database. An important factor to consider is the performance of XBRL formula. While 
in XML, tuning is more like a black box, in an RDBMS it is well-known and has been 
extensively analysed. Thus, an area to be explored in future research is the analysis 
and comparison of XML and database performance. 
 
Chapter 5 presents the basis of the design life cycle of software development, from 
the expert user, the CIM, to the code. However, at present no automated design from 
the Universe of the Discourse to the physical model exists. For this reason, 
Information Systems (IS) has problems in the validation of the implementation for the 
expert users. While automatic design is not currently possible, the possibility of 
studying the semi-automation of the process should be considered. 
 
In the validation of the formulas, Chapter 6, section 6.3, when a pure star model is 
used, without the contexts, as Figure 4.4 (León, 2012; Cid, 2013) shows, there are 
four test cases for FINREP 2014 and only one for Solvency II. It was not until earlier 
this year when both the EBA and EIOPA taxonomies published public test examples. 
So the possibility of using more sets of tests to validate the proposal is now open. The 
difference between the coding algorithms designed by the author of this thesis and 
those generated by the students tutored, is that in the latter case the coding is easier. 
This thesis has left as future work: 
 

 Comparing the complexity of both types of algorithms, based on a star model 
with or without context, as well as the performance of both. 

 Checking the performance of formula validation through stored procedures 
and comparing it with the performance using XML validation. 

 
The author of this thesis has a major challenge for future research: if the formulas had 
already been developed from the real world to the XBRLDM, the next target for 
research would be based on the development of formulas from expert users and their 
implementation. This is an important issue, because many organizations cannot 
present public test cases, and some published cases are invalid, due to the lack of a 
full development cycle. 
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Despite the complexity of the domains and financial standards, and perhaps precisely 
because of this, experts encourage the creation of their own projects and the 
dissemination of works related to the sector, to clarify and come to the real world this 
web of definitions, taxonomies and data. The use of natural language processing 
techniques could help bring this world to end users by semantically describing the 
content of the economic-financial reports (Mendez-Nunez and Trivino, 2010). 
 
Finally, the future work that arises from this thesis can be summarized in six lines: 
 

 Extend the software development life cycle of these reports, not only to the 
European model, but also to the rest, which are not purely dimensional. 

 Expand the use of this specification to other environments that are not 
Supervision and Regulation. 

 Incorporate into this research the Data Point Model (DPM), and its 
implementation in XBRL. 

 Through this development life cycle, facilitate the creation of public test games. 

 Not only generate templates for SQL stored procedures, but also in other 
languages such as COBOL, .NET, Java, etc. 

 Natural language processing analysis techniques to increase the semantic 
content of the reports. 
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Glossary 

A 

Allowed fact 
User constraint. 

Assertion 
It is a general constraint that does refer to a fact or set of facts. 

Attribute of dimension 
Set of concepts of a dimension. 

Attribute by default 
Each domain has a concept by default. 

B 

Basic Concept 
It is a special concept that has associated a data type, a time period type, and 
a balance type. A basic concept defines the name of a concept by type, 
precision and unit of measure. 

Base dimension 
It is a domain with only basic concepts. 

C 

Calculated attribute 
An aggregate of dimension attributes of a dimension, and/or calculated 
attributes. 

Capital Requirements Directives (CRD) 
Framework of the financial supervision in the European Union, based on Basel 
II and Basel III rules on capital measurement and capital standards. 
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Conceptual Data Model 
This model shows the semantics of real world and depicts a set of assertions, 
trough of entities and relationships. 

Constant 
It is a value or expression yielding one result and whose expression is 
deterministic. 

Computation Independent Model (CIM) 
The business or domain model. In this level of the MDA, the real world is 
analysed, including concepts, data and rules. 

Concept 
It is the definition of a business concept or item. Each concept is associated to 
a time period type attribute (Instant, Period, and Forever). 

COREP 
It is a standard issued by the European Banking Authority (EBA), for Capital 
Requirements Directive reporting, it covers credit risk, market risk, operational 
risk, own funds and capital adequacy ratios. 

D 

Dimension 
It is a set of concepts of a domain. These concepts have a tree-like structure. 

Dimension group 
Group of dimensions of a domain. 

Discoverable Taxonomy Set (DTS) 
Set of taxonomies (XML files) that are necessaries for processing a XBRL 
document. 

Document Object Model (DOM) 
It is a platform that will permit to programs and scripts to access and update the 
content, structure and style of documents.  
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Domain 
It is a group of concepts belonging to a field or scope of knowledge or activity. 
In this model a domain can contain basic concepts or non-basic concepts but 
not both. 

E 

Explicit dimension 
This is explicit if the dimension attributes are defined. 

Explicit filter 
it is a semantic constraint to which all facts, groups of facts or assertion facts 
are circumscribed. 

F 

Fact 
A fact is a value representing a particular measurement provided by the 
reporting entity. 

FallbackValue 
It defines a value by default for a fact or set of facts if the latter is null. 

Filter 
It is set of dimensions whose assertion is confined. 

Filter group 
It defines a set of explicit filters to which all assertions are circumscribed. 

FINREP 
Covers consolidated and sub-consolidated financial reporting for supervisory 
purposes based on International Accounting Standards (IAS) and the 
International Financial Reporting Standard (IFRS) and is issued by the EBA. 

Forbidden fact 
User constraint. 
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H 

Hierarchical Constraint 
Concepts in a dimension have a tree-like structure. Validation between a leaf 
and its leaves below, that is to say, it used for the calculated attributes. 

I 

Implicit dimension 
It is implicit if they are not defined. 

Implicit filter 
it is a constraint inherent in all facts circumscribed by an assertion (i.e., the 
assertion is constrained to the facts circumscribed by the set of dimension-
dimension attribute inherent pairs.). 

M 

Model Driven Architecture (MDA) 
In software engineering provides a good framework for the automatic 
generation of code for application development. It focuses on using models as 
approaches to cover the life cycle of software development. The heterogeneity 
and interoperability problems between systems with different implementation 
platforms are resolved by using this approach. The MDA stratifies the design in 
three phases or levels to allow for easier development. 

Multidimensional Data Model (MDM) 
It is a straightforward model that combines objects, dimensions (hierarchies), 
measures and attributes for representing real work business problems. In 
addition, this model is the heart of On-Line Analytical Processing (OLAP), which 
requires complex queries that can be solved by the MDM in real time. 

P 

Platform Independent Model (PIM) 
This focuses on high-level business logic in the MDA, without considering the 
features of the implementation technology of the system.  
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Platform Specific Model (PSM) 
This represents the detail of using a specific platform for a system in the MDA.  

Precondition, or variable attribute or assertion 
Defines the facts that can be evaluated. 

R 

References 
References to directives or laws of the concepts. 

S 

SAX (Simple API for XML) 
It is an event-driven online algorithm for parsing XML documents, with an API 
interface developed by the XML-DEV mailing list. 

Solvency II 
It is a directive of the European Union (EU) which codifies and harmonizes EU 
insurance regulations and is issued by the European Insurance and 
Occupational Pensions Authority (EIOPA). 

V 

Variable 
It is an atomic element of an expression in an assertion, which depicts a fact or 
group of facts. 

 
 
 




