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Abstract. Information nowadays plays a critical role in our lives, and its
misinterpretation or lack of data, makes decisions wrong. It is important
to systematize it, not only in the local context but globally. Finance is one
of the key areas where standardization and normalization are attempted.
One of the attempts is the XBRL format which is widely used in finance.
However, the problem is the nature of local implementations. There are
many different taxonomies that are implemented independently by coun-
tries and organizations. Currently there are no attempts to combine them
and create a single standard.

The paper presents a formal model for storing data in graph structures
and the concept of using graph grammar to search financial indicators
in big data storage. It provides a basis for the future construction of a
common graph representation and thus the accumulation of cross-cutting
knowledge
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1 Introduction

Growing global market requires us to make quick and precise decisions. It is not
possible without relying on correct and verified data. A perfect example of the
misinterpretation of the data is the appearance of the real estate bubble, and
consequently the financial crisis of 2007–2008. The reason was not the lack of
information but the reliance on incorrect indicators and studies. The scale of
the problem touched the globe. In one of the reports on financial crimes [4] it
was indicated that reliance on incorrect financial data may be one of the cyber
security threats. As a result, access to raw financial data is becoming more and
more important. Data that should be verified and available for wider analysis. A
popular format that has been implemented in many different countries is XBRL
(eXtesible Business Reporting Language) [15]. This format was introduced in
2005 by the SEC (U.S. Securities and Exchange Commission) in order to stan-
dardize the reporting structures. Currently, reporting in this format is carried
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out not only in the United States but also in Japan, and since the last year in
the European Union. The format which in theory unifies the method of settle-
ments at the level of one country does not provide an opportunity to look at the
economy globally. It is implemented differently in the United States and in the
European Union. In the United States the applicable taxonomy is US GAAP
and in the European Union the ESEF. The two taxonomies differ, among other
things, with the names of the tags and the way the presentation and clustering
layer is organized. The problem is complicated by the fact that it is possible to
extend the taxonomy to include own metrics. It is not possible to easily transpose
items from one report to another.

This article introduces formal graph notation that is dedicated to the stor-
age of data from the XBRL format. The notation is independent of taxon-
omy. Importing reports to a graph database gives us the opportunity to per-
form operations related to the identification of structures with the same simi-
larity [1,5,6,8,12]. It can be used in practice for very fast data retrieval. The
last part shows a practical representation of the report parts in the US GAAP
taxonomy. The compilation and storing those data in graph structure allow to
search quickly for the needed data. Not only based on one taxonomy.

2 XBRL Format and Taxonomies

XBRL (eXtensible Business Reporting Language) is a format used to exchange
information between business systems. The language enables the semantic
expression of financial and business metrics. This data is stored in an orga-
nized manner using XML (Extensible Markup Language) format. Related tech-
nologies, such as XML Schema which contains definitions of report components
and Namespaces were used to extend the basic structure in order to be able to
comprehend the relationships between the report elements and to organize the
references. XBRL can be used to store information related to various financial
areas or various forms of reporting. To organize reporting issues and provide a
single point of reference various taxonomies are defined.

Taxonomy is a system that can be used to identify and structure information
that are used to identify financial metrics. It provides information not only about
type of structures but also how factors and metrics should be organized (Fig. 1).

To make the XBRL approach consistent, it introduces several ordering layers:

– structure definitions - define what metrics and values may appear in the final
report, and what is their meaning. Usually the description comes down to the
name of the tag and a short description of the value it represents and the size
in which it is expressed (including price tag, currency),

– description layer - is an extension of the definition with information on how
a given tag is to be presented in the context of a specific report, or in the
context of the language in which the report is created,

– presentation layer - that is, the definition of what types of statements may
be included in the final report definition, and how they should be presented.
The main purpose is to be able to present reports in a consistent manner.
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Fig. 1. Example of the fragment of the MICROSOFT report for 2016 in XBRL for-
mat [9]

– calculation layer - defines the basic rules for verifying the values that are
presented on the report. The layer introduces the calculation rules. Apart
from validation they can be used to count the fields that were not included
in the report. Usually it has a simple form based on the operation of adding
up several indicators.

– formula layer - describes more complex relationships between elements that
cannot be described by simple arithmetic operations. Despite the attempt
to formalize reports and statements in an orderly manner, it is common to
extend the basic definitions introduced by taxonomies by companies that
provide reporting. This creates a mess and cannot be easily compared.

All the layers described above are linked to the actual data that is stored in the
report file. Single financial data is stored in the form of XML tag in which we
have its name, value and additional attributes. For a better understanding of the
values and their meaning, a new format has been introduced. InLine XBRL is a
format that is based on XBRL tags but allows them to be organized in the form
of an unstructured document (HTML/XHTML format) which contain references
to XBRL tags. On the one hand these reports are more readable; on the other
hand they still contain XBRL fields that can be analyzed by external tools.
However, the structure may not be as well defined by the taxonomy. Finding
specific information in such data and creating reports can be difficult.

It is also noticeable that each of the above representations can be repre-
sented in a graph structure. For example, the calculation rules associated with
calculating simple values represent the relationship between tags can take the
role of nodes while edges can denote the relationship and the weight with which
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elements are associated. The next step is to define the data storage model in a
way that is optimized for data processing and retrieval.

3 Graph Representation

It is necessary to introduce graph structure in which we store information related
to XBRL raport data files. It is referred to as a XBRL graph.

Definition 1. XBRL Graph (abbrev. XG) is a graph of the form:

XG = (V,E,Σ,Γ, type, attr),

where:

– V is a finite, non-empty set of graph nodes,
– E is a finite set of edges,
– Σ is a set of node types,
– Γ is a set of edge types, where Σ ∩ Γ = ∅,
– type : V ∪E → Σ∪Γ is a function that returns the type of a given node/edge:

type(V ) = Σ, type(E) = Γ,
– attr is a function that returns a set of attribute types for a given node/edge

type.

We will use the graph to store information from both a single report and a
group of reports. Therefore, the following node types have been defined (Σ):

– FINT (Financial Indicator Node Type) - Set of attributes associated with a
node are: atr(FINT) = {indicator, value, metric}

– SNT (Statement Node Type) - The report includes various statements/types
of reports (Profit and Loss Account, Balance Sheet and others). The top type
determines the type of report that is included in the report. A set of attributes
associated with a node: atr(SNT) = {name}.

– DNT (Document Node Type) - node type specifying the type of document
that represents the report. A set of attributes associated with this type of
node: atr(DocId) = {period, report type, submission date}.

– CNT (Company Node Type) - the type of node that identifies reporting insti-
tution. Set of at- tributes associated with a node are : atr(CNT) = {fullname,
symbol}.

– PNT (Period Node Type) - the type of node specifying the period and date
associated with the report or indicator contained in the report

– TNT (Taxonomy Node Type) - the type of node that identifies taxonomy
which was used to present financial indicators,

This list of node is not complete and can be extended to include specific types
depending on the type of analysis to be performed. Proposed graph structure
is designed to optimize the search for similar information by year and company
type.

We use the following edge types for analysis (Γ):
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– INCL (Include) - used to create hierarchical structures. It shows the rela-
tionships between the elements of a graph.

– REL (Related) - used to model the relationships between elements, the rela-
tionships may for example show the calculation rules and how values are
related to them.

As with node types, this list is not complete and may be expanded in the
future.

Organizing a series of documents using the introduced graph structure gives
the possibility to define custom graph grammars and transformations or use
mechanisms introduced in other areas. As an example we use graph methods
and formal grammars which are used in lighting optimization [1,7,10,11,13].

4 Practical Examples

To better illustrate the concepts, the following is an example of a graph repre-
sentation of one of the US GAAP taxonomy rules that are represented in XBRL
graph form . The income statement is the most common statement in financial
statements. One of the representations presented in the US GAAP taxonomy
is the calculation rules, which can be written in the form of relationships. The
figure visualizes the rules and tag names in an Excel file (shown on Fig 2).

Fig. 2. Part of rules for the Revenue tag with calculation base

For example, we can see that statement 124000 defines a GrossProfit indica-
tor, which is dependent on Revenues and CostOfReveues. Further analysis shows
that Revenues depends on a number of different indicators that are extended rel-
ative to the underlying taxonomy.
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These structures can be represented using XBRL graph, in a hierarchical
manner. Thus, all the tags that are in the Microsoft report for the year, are
represented as FINT nodes (Financial Indicator Nodes) associated with SNT
nodes (Statements), which identify the company and period (shown on Fig 3).

Fig. 3. Part of rules for the Revenue tag with calculation base

On such a graph, it is possible to use graph grammars which are used to
divide graphs into smaller graphs to implement agent processing [3,7,11,13].
The created graph can be split to form balanced graphs on which independent
functions can be executed.

5 Searching XBRL Graph Database

For further analysis, a database was created consisting of reports from 2007 to
2017 containing 46,737 statements, which occupied a space of over 1 Gb of data.
From this data, an XBRL graph was created containing 72 million nodes. The
current set of reports posted on the SEC website [14] contains over 1 Tb of data.
To download data sets, tools provided by BFT24 were used, with which allow
to download selected XBRL report files [2].
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Fig. 4. Results of processing searching Revenues financial indicator

The created database was used to search the set and create simple graph
rules, which were aimed at finding the value of revenues and presenting them on
a pie chart. To compare the effectiveness, different approaches have been used:

– data processing based on native XBRL sets (XML files has been processed),
– creating XBRL Graph, and then using them to search Net Revenues values,
– creating an XBRL chart, dividing it into 10 subcharts and parallel data search.

The results from the data search were summarized in tabular form, shown in
Table 1.

Table 1. Time to calculate revenue values per year for the entire dataset

Data storage structure Time to create a full report

XBRL raw data 557 min

XBRL graph 15.5 min

XBRL graph divided into 10 subgraphs 130 s

There is a very high acceleration in searching for data based on a structured
structure, this time can be accelerated when an agent environment is used.

6 Conclusions

In this paper, we present a formal model which can be used for storing XBRL
reports and case study of processing a group of 46,736 individual XBRL reports.
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With the proposed approach it took about 130 s to create the report and in
comparison with the standard method we reduced the preparation time by more
than 10 times. The XG-based method using well-known graph grammars also
allows us to perform “what if” analyses. It is possible to analyze datasets and
estimate indicators that are not available in reports or to determine groups of
errors generated in reports.

Taking into account different types of taxonomies and different methodolo-
gies of their creation a common format can also be an element that allows for
separation of similar structures and better translation of elements. This will
allow to estimate in which set the parameter value will occur.

The concept presented here is also an outline for developing an agent-based
system that would offer even faster estimation. The use of parallel processing
would allow initial estimates to be obtained in time comparable to real time.
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